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PREFACE 


TO THE 

FIRST EDITION. 


This Work is intended for the use of all persons concerned 
either with the navigation of ships or with the determination ot 
latitude and longitude on shore. 

The present volume, which is devoted exclusively to the prac- 
tice, contains all the rules and tables necessary in navigation, and 
for the determination of latitude and longitude by means of the 
sextant or rcHecting circle. The study of its contents demands no 
previous attainments beyond the knowledge of the elements of 
arithmetic. Every endeavour has been made to render the whole 
easy of reference, and to adapt it to the use of those who may 
desire to instruct themselves. Rules which admit of more cases 
than one, as, for example, that for applying the equation of equal 
altitudes, are given in the form of tables; so that the several con- 
ditions involved, and their mutual connexion, being exhibited to the 
eye, the computer is relieved from the sense of complication, and 
the chance of a mistake is materially diminished. An ample alpha- 
betical index is annexed, by which the reader is at once referred to 
all the information which the volume can afford him. 

Those who have been brought up to the sea, and who have 
experienced the distaste for long calculations which that kind of 
life inspires, will not hesitate to admit that the only means of 
inducing seamen generally to profit by the numerous occasions 
which offer themselves for finding the place of the ship is extreme 
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brevity of solution. It is not, however, merely as a concession to 
indolence, that rules should be made as easy and simple as possible ; 
the nature of a sea life demands that every exertion should be made 
to abridge computation, which has often to be conducted in circum- 
stances of danger, anxiety, or fatigue, and so to separate the several 
points, that the seaman may be referred directly to what concerns 
his case, to the exclusion of all other matter. These considerations 
have been carefully kept in view in the rules, in the examples, and 
in the form and order of the tables. 

Two kinds of solutions are employed, and, in general, two only ; 
namely, an approximate method, and a complete, or, as it is called, 
rigorous^ method. The former may often serve in cases of haste, 
or when precision is not necessary, and will also afford a conve- 
nient check against the effects of a mistake in the more elaborate 
method. 

All the computations are effected by the well-known methods of 
inspection and logarithms; and as the former, it is presumed, leave 
but little to be desired in point of expedition, Gunter’s scale, or other 
mechanical methods, are not employed. 

Sailing on a Great Circle is, in this work, reduced, like Plane 
Sailing, to Inspection, by means of the Spherical Traverse 
Table. 

Convenient rules are given for finding the distance of the land 
by its change of bearing, and by its altitude observed above tlm 
sea-horizon. 

The seaman will find every necessary information on the subject 
of local magnetic deviation. 

The highly useful problem of determining the latitude at sea, by 
the reduction of an altitude to the meridian, will be found greatly 
abridged ; and a table is added for the purpose of shewing the 
limits within vvhich the result may be depended upon when the 
time at ship is in error. This table will be found, it is presumed, 
of considerable utility, as it is perhaps from the w'ant of some 
specific information as to the degree of confidence which it is safe 
to place in the l esult, no less than of a short and easy rule, that tliis 
excellent observation is almost entirely neglected ; and, in conse- 
quence, the latitude, when the meridian altitude is not exactly 
obtained, is too often lost for the day. 

The approximate solution of the double altitude, as a question 
of Time, will be found, it is hoped, well adapted to general use: 
aincei unless the latitude by account is very much in error tins 
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method determines both the true latitude and the time at ship; 
and the computation of the time is one with which seamen are 
familiar in the next degree to mat of the latitude by meridian 
altitude. The principle is not new, but rules have not hitherto 
been given for computing directly the error of the latitude by 
account. 

Tlie first approximate method of clearing the lunar distance is 
n(‘Nv, being effected, like many other problems, by the Spherical 
Traverse Table. The rigorous method is a modification of Borda’s, 
and employs five logarithms, of which two only are taken out to 
seconds. 

In a work in which many of the methods are new, I have felt it 
would be more satisfactory to the professional reader to find them 
illustrated by observations actually taken at sea. The examples 
are accordingly selected from the journals of Captain W. F. W. 
Owen, who kindly lent them to me for the purpose; tliough, neces- 
sarily, in proceeding by fixed rules, I could not introduce the 
solutions employed by that distinguished navigator. The remaining 
observations have been furnished to me by the Rev. G. Fisher, 
astronomer to Sir Edward Parry’s expedition to the Polar Seas. 

In order to enable the computer to Judge of the degree of pre- 
cision to which he attains, the deyree of deperalance to be placed on 
the result, or the limit of probable error, is indicated. This is the 
more important, as very indistinct and erroneous notions prevail 
among practical persons on the subject of accuracy of computation ; 
and much time is, in consequence, often lost in computing to a 
degree of precision wholly inconsistent with that of the elements 
theniselvesi The mere habit of working invariably to a useless 
precision, wdiile it can never advance the computer’s knowledge of 
the subject, has the unfavourable tendency of deceiving those who 
are not aware of the true nature of such 'questions into the per- 
suasion that a result is always as correct as the computer chooses 
to make it; and thus leads them to place the same confidence in 
all observations, provided only they are worked to the same degree 
of accuracy. By habitually following the short precepts laid down 
on this point, the computer will learn insensibly to estimate the 
value of his results ; of which, since the limit of error is the sole 
ci iterion of the accuracy of any determination, he cannot otherwise 
be a judge. The degree of precision to which it is proper to carr) 
the work in any case is observed, in general, in the examples. 

In the Tables every endeavour has been made to render the 
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collection complete for the purposes required, and to compress the 
whole into small compass. For the sake of clearness, a different 
figure has been adopted for the argument and for the niunbers in 
the body of each table. In the logarithms six places of figures 
only are employed, because a single result in which six places are 
necessary cannot be depended upon to the degree of precision 
obtained. On the same principle, some of the logarithms are given 
to three places only. 

The log. sine square of half the arc, Table 61, universally 
familiar to seamen in finding the time, is given, for the convenience 
of tins constant coniputation, to every second of the 12 hours. By 
means of this term tables of versed sines are dispensed with, all our 
solutions being either numeral or purely logarithmic. 

I have not, either in the Kulcs or the Tables, aimed to make 
that additive wliieh is in the nature of things subtractive. The 
precept subtract is as easy as the precept add; and when the 
student has the natural process before him he may be led to dis- 
cover the reason of it; and must thus, by attention, always advance 
in knowledge of the subject. But an artificial process obstructs the 
exercise of the faculties, or leads the student, who reflects on what 
he does, to false conclusions. 

The composition of the Table of Maritime Positions has been 
a very laborious task, and has caused great delay in the a[)pearance 
of the Work. I'lie numerous chronometric measures furnished ot 
late years have rendered it necessary to deduce longitudes in a more 
systematic and accurate manner than tiiat hitherto followed, which 
has chiefly consisted in modifying former determinations by means 
of those succeeding them. Absolute^ or astronomical positions, and 
relative positions, being distinct things, and the latter being by far 
of the greater consequence to navigation, it is m‘cessary, pre- 
paratory to a coiiijjlete and final arrangement, to separate these 
two kinds of dcteruiiiiatioiis. Accordiiigry, in a series of papers, 
some of which have b(*en already published in the Nautical Maga- 
zine,* I have endeavoured to arrange the chronometric differences 
of longitude with reference to certain fixed points, convenient for 


* 'fl'e data or inr the several positions being given in these papers, the value 

of each (ictermiiiation is eas^ily appreciated; and accordingly, indivichials in possession oi 
one or t»tore good watclics may, by correcting defective measures, or by establishing new 
links of connexion, render ii)aterial service to maritime geography. See Nauti(;al Magazine, 
ISIJU, and following yema. 
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the purpose, which it is proposed to call Secondary Meridians. 
These standard positions, of which the number assumed is 
ei^^hteen, being considerably distant from eacli other, are d(^ter- 
mined nearly enough for present purposes, and would, according 
to the system proposed, be finally settled by long series of astro- 
nomical observations. 

An account of the principles adopted in this arrangement, and 
of the several voyages and surveys from wliich the materials have 
been taken, will be found, together with some suggestions for the 
advancement of the subject, in the Nautical Magazine. But it is 
necessary to state here, that the late determinations of the longitude 
of Madras have, from the importance of that position, occasioned a 
long and intricate discussion. Mr. Biddle and Mr. Maclear have 
compared observations of moon culminating stars made at Madras, 
with like observations made in Croat Britain and at the Cape of 
Good Hope respectively. According to their computations, which 
agree very nearly, the received longitude, 80° 17' 21", is about 0' 21" 
too great. The number and superior character of these observa- 
tions, and the agreement of the results, have led me to adopt, with- 
out hesitation, 80° 14' 0"; while the magnitude of the correction has 
rendered it indispensable to trace its effects on the longitudes of the 
Eastern Seas. 

Precision in the Maritime Positions, especially in the longitudcs^ 
becomes, as navigation advances to jierfection, a matter of increasing 
importance; because, where longitudes are ^^ell determined, the 
error of a chronometer may be ascertained on every occasion of 
making tlie land. 

It will not be out of place to remark here that it is high time the 
chronometer should be found, like the compass, among the stores of 
every vessel b(’yond a mere coaster. It would be superfluous to 
attempt to prove that the hardships and privations consequent on 
missing a port, the losses of ships from being out in their reckonings, 
and the evils incident to navigation generally from the want of a 
ready means of checking the enormous errors to which the dead 
reckoning is liable, would, in many cases, have been prevented by 
a chronometer. 

In urging this recommendation, it is, of course, taken for granted 
that they to avIiosc hands the chronometer is entrusted are qualifled 
to make a proper use of it. Employed merely as a check, a single 
chronometer cannot fail to prove of great service ; but too firm a 
reliance on such an instrument would lead to the dangerous error 
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of relaxing that vigilance which the known uncertainty of the dead 
reckoning keeps perpetually alive. 

A list of times of high w^ater, or, as they arc now called, Esta- 
blishments of Ports, is not given. The researches on the tides 
made of late years by Mr. Lubbock and the Rev. W. Whcweil, 
have proved that the establishment cannot be truly deduced but 
from numerous observations, and cons(‘quently that a simple recorded 
time of high water is altogether insufficient. Moreover, if the esta- 
blishment were correctly known, the time of high water, as also the 
height of the tide, cannot be determined without other elements, 
which, except in comparatively few places, are not afforded. Rut 
in navigation it is not the true instant of high or low water that is 
required so much as the time at which the flood or ebb stream turns, 
because this last affects every vessel when near the shore; and the 
proj)cr place for information of this kind is, obviously, the Sailing 
Directions. 

Although some results of the kind might be advantageously 
placed in a general work on navigation, yet the uncertainty of 
almost all tliat has been published, and the difficulty of collecting 
better materials, will, it is liO])ed, excuse the omission, at least for 
the present. 

It may, however, be remarked, that under whatever form it may 
hereafter be found advisable to publish particulars of the tides, the 
observations required are so numerous, the discussions so tedious, 
and the whole subject so complicated, that no individual could 
undertake successfully to treat this branch of navigation unless in 
a work devoted exclusively to its consideration. 

The subject of Maritime Surveying, usually treated in w^orks of 
this kind, luis been omitted. Surveying is no part of the navigation 
of a ship, and a survey having any pretensions to authority can 
scarcely be made by a person whose qualifications for the task are 
confined to the slender information contained in a few pages. A 
survey is a matter of too great consequence to the security of navi- 
gation to be received from incompetent hands; and the seaman who 
desires to acquire a knowledge of surveying should study works 
ti eating expressly of this branch of science. 

The customary chapter on the Winds lias likewise been omitted. 
The subject, generally, does not belong to the navigation of a ship; 
and, even if it did, the general information contained in a few 
pages, though interesting as a branch of natural philosophy, is 
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necessarily too vaj^ue to be effective in shaping the course. The 
same applies to Currents, and also to the Marine Barometer; 
which, though matters of* im])ortaTit consideration in sea- voyages, 
are not concernod in the practice of navigation, since this term, in 
strictness, comprehends only the consideration of the place of the 
ship when her circumstances and destination are given. 

The space gained by the omission of these collateral subjects, 
and other matters sometimes introduced, is appropriated to the 
numerous practical details of the proper subjects of such a treatise. 

The Work will be completed by another volume, which will be 
entitled the Theory of Navigation, and will contain the construc- 
tion of the rules and tables, for the advantage of those who desire 
to confirm their practical knowledge by mathematical investigation. 
It will contain, likewise, those methods in which the transit and 
.izimiith instruments are employed. The present volume being thus, 
in the ordinary practice of navigation, independent of the second, no 
notice of another volume appears in the title-page. 

By the term Theory is commonly understood, in this particular 
subject at least, tlie scientific principles on which the rules are 
formed. Considerations of this kind are thus altogether excluded 
from the present volume; but, on the other hand, that rationale^ or 
process of reasoning, which, in considering the nature of the case, is 
obvious to common sense or apprehension, is, in most cases, intro- 
duced, as necessary to a clear understanding of important points. 

The theory and the practice are thus ke})t purposely distinct. 
The former is not ahvays necessary to successful practice ; and rules 
constructed for ready and general application aj)proacli to perfec- 
tion in proportion as they leave less to individual judgment or skill. 
It is the custom, generally, to teach the theory first ; the impression 
forced upon me is, on the contrary, that the practice is itself the 
best foundation for sound and rapid advancement in the theory. 
For he who has acipiired the practice knows the nature and extent 
of the subject; and in proceeding to the theory he has a distinct 
perception of the object to be attained. This is not the place for a 
discussion on these points ; but it was incumbent on me to state, in 
a few words, the grounds of the arrangement adopted. 

It is manifestly the duty of a writer, who undertakes to treat a 
subject in a thoroughly practical manner, not only to discuss every 
point which presents itself, but also to pronounce a decided opinion 
Ml every case. It is proper to bring this point under the notice of 
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the reader, who, especially if he has more experience in these matters 
than myself, might otherwise be disposed to consider many things 
in this volume as laid down too positively. 

I cannot close the preface to a work which lias been some years 
in preparation, and in which I have endeavoured to reduce to a 
practical form every useful consideration which has been suggested 
by my own experience or by intercourse with eminent officers and 
men of science, without soliciting llie indulgence of the reader to 
errors and to deficiencies. Absolute correctness, especially in tables, 
is scarcely attainable; and in a treatise which contains much that 
has not appeared before, I cannot reasonably flatter myself that, 
notwithstanding every care and attention, some small inaccuracies 
may not be found. 

H. R. 

September 1840. 
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In the xidvertisement to the Second Edition I had the satis- 
faction of being able to state that the Royal Geographical Society 
had conferred the flattering distinction of their gold medal on the 
first edition, and that tlie Lords Commissioners of the Admiralty 
had honoured my work by ordering it to be supplied to Her Ma- 
jesty’s Navy as ship’s stores. 

The present edition has been greatly augmented. Much of tlie 
work has been rewritten ; new sections have been added, on Sum- 
ner’s Method, on Revolving Storms, and on other subjects. Several 
new Tables have been introduced, amongst which may be mentioned 
Tide-Hours, Passages, Approximate Variation of the Compass, and 
the Tables of Log Sines, &c. published separately in 1846. 

Two approximate methods of determining the time, though of 
inferior value, are introduced, since a work aiming to be complete 
for practice should contain provision for extreme cases. Nos. 789, 
791. 

The introductory portion, it had often been suggested, was in- 
sufficient for the purposes of elementary instruction. It is easier 
to allege this, than to lay down a condition which is to deter- 
mine the extent of such preliminary matter. An attempt, how- 
ever, has been made to fix a limit, on the following grounds: — 

The most general defect, perhaps, in the education of seamen, as 
regards the present subject, is an insufiicient knowledge of arith- 
metic; by which I mean, not of the more advanced rules, but of the 
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elements, and especially of proportion. Now all questions to which 
arithmetical processes are applied involve some proportion^ which 
the operation is to brinj^ out, or distinctly assign ; and it appears, 
accordingly, a great omission in our education that we are not 
more exercised on tliis point, which is the sole object or end of 
the processes which we learn to practise mechanically. 

Again, in geometry, it is not the variety of problems which 
benefits the practical man. but a well-grounded and familiar know* 
ledge of a few comprehensive propositions, which he applies readily, 
and with confidence; and the geometrical knowledge which appears 
to me to suffice to our present purpose is comprised in, — 1, the 
property of the square of the hypothenuse ; 2, the measure of an 
angle at the circiLi inference ; 3, the similarity of plane triangles The 
first is of general importance; the second includes the problem of 
fixing a station by means of two angles subtended by three objects; 
and the third is the basis of trigonometry. 

In this edition, therefore, projiortions and fractions are treated 
at some length, and illustrated by numerous examples which afford 
the student abundant exercise ; and a sliort course of geometry 
IS given, after the manner of Euclid, sufficient to establish tiio 
above important theorems. 

These limitations, the reader will bear in mind, are intended to 
apply only to that particular quantity of elementary matter which 
is assumed to be necessary and sufficient for the scale of attain- 
ment contemplated in tlie present volume. 

In the Table of Positions many points of information of con- 
sequence to seamen are expressed by means of a new system of 
Symbols. In these days little apology is required for introducing 
a scheme which a few years ago would have been deemed a rash 
innovation. But a growing tendency to the use of symbols mani- 
fests itself on all sides. Efforts have been made to represent, as 
far as possible, all matters of instruction under a form addressed 
to the eye;* and symbols effect this object in an eminent degree, 
for their distinct and conspicuous forms, contrasting with the mono- 
tonous aspect of alphabetic writing, arrest and fix the attention, 
while their extreme conciseness admits the insertion of matters to 
which, for want of room, no allusion could otherwise be made. 

The emjdoyment of symbols, therefore, on a more extensive 
scale than we have yet been used to, and that at no distant period, 
may be considered inevitable; and the present system, which has 

* The Physical Atlas is an example. 
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jccupied my attention for several years, is proposed as so far 
deserving consideration that it is constructed with rigid adherence 
to principles.* The number of signs whicli I have ventured to 
introduce is small, since, in matters waiting the sanction of experi- 
ence, it is better to move too slow than too fast. 

The introduction of symbols has necessarily modified the original 
design of the work, as described in the preface, ami has justified allu- 
sion to many matters which otherwise would not have found a place 
in it. 

The chief labour of this edition (as, indeed, of the two former; 
has been the Table of Positions, wliicli, in consequence of the nu- 
merous references made to my labours in this country and abroad, 
I was desirous to extend. The list now contains 8,800 places; and 
as the degree of accuracy is indicated wherever 1 have found the 
means of forming a judgment, and as many physical details are 
supplied, — such as the dimensions of islands, heights, and the dejjtlis 
of shoals, — the table may be considered as representing the state 
of maritime geography at this day. The number of voyages, 
charts, and surveys, which it has been n('C(^ssary to consult, — (he 
labour of digesting and comparing tin? mass of materials collected, 
and the introduction, by a new method, of imuicrous details im- 
portant to navigation, — will, it is hoped, excuse the long delay in 
the a])p(.*arance of this edition, and ac(u)imt for the work having 
remain(*d out of print for nearly thr< e years. 

In conclusion, I gladly exjiress my obligation to the draftsmen 
and other gentlemoii of the Hydrographic Ofiice, whose patience 
during many years I have sorely taxed in the inspection and re- 
examination of thousands of documents, and without whose active 
and disinterested assistance I must have left much in a very unsa- 
tisfactory state. 

* The necessity for a uniformity in hydrographic symbols has already shewn itself. 
Symbols similar in character denote, on the French charts, rocks abovt the water, and ou 
the Russian charts rocks below the water. 
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The Maritime Positions in this Edition have been carefully cor- 
reeled by Staff Commander Thomas A. Hull, R.N., Superintendent 
of Admiralty Charts ; and the whole work has undergone a complete 


revision. 
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INTRODUCTION. 


1. Fractions. II. Proportion. III. Logarithms. IV. Prac- 
tical Geometry. V. Raising the Trigonometrical Canon. 

VI. Methods of Solution. 

1. Vulgar Fractions, 

1. A NUMBER which is a portion of 1, or unity, is properly called 
fraction; thus, if we divide a foot into 3 e(jual parts, each of such 

))arts is the fraction called a thirds and written 

These numbers arise, in arithmetical operations, in division, when 
the dividend is not divisible by the divisor in whole numbers, or, as 
they are called, integers; thus, if we divide 10 feet into 3 equal 
parts, each will measure 3 ft. and one-third, or 10 divided by 3 givcA 
the quotient 3, and 1 over — that is, 1 not divided like the rest; but 
proceedinii; now to divide this 1 by 3, we call the result or (quotient 
that is, 1 divided hg 3. 

2. If we divide 1 into four equal parts, each is one-/u?/r^/j, written 
i ; if into 5 equal parts, each is one-fftli, written J : thus, the name 
of the fraction is that of the number of parts into which the unity or 
entire quantity is divided ; and this number is hence called the 
denominator of the fraction. 

3. If we take two of three equal parts of subdivision, or two- 
thirds, we write g ; if we take three of four equal subdivisions, we 
write J ; if we take three of seven equal subdivisions, we write 4 ; 

so on : the number 2, 3, in these examples, which shews or enume- 
rates the number of fractional parts taken, is hence called the 
numerator . 

The term fraction is thus used to denote not only one part or 
subdivision, but any number of such. 

4. In eniinu'rating fractional parts we may go on, for example, 

6 ’ h i’ h represents the wliolo, or entire quantity, 

since it enumerates as many parts as the whole is divided into ; the 
fractions (so called) beyond this, as f, are all greater than 1, and 
ai*c termed mixed or improper fractions. 

5. The fractions to the left of | are less than 1, and lire jmyjnr 
fractions; hence, when the numerator is less than the denominator, 
the fraction is less than 1; when equal, the fraction represents 1; and 
when greater, it is greater than 1, and is capable of being resohed 
into a whole number with or without a fraction. 
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Hence also, the greater the dciioininator the smaller the fraction, 
and the siiiiiller the denominator the larger the fraction. 

6. If Nve take a line AH, and divide it into 3 equal parts by the 
points K, n; and another line 13 C equal to it, and divided similarly 
at M, N, then Al is ^ of All, or of L 

ii 

A ^ * i . C 

K L M N 

Then the parts being all equal, Ak and kl, are equal to lB and 
Bm, and these to ivix anil nC; therefoi C Ak and kl are J of AC, that 
is, of 2. Hence Al is | of 1, and of 2; or, ^ of 2, and 2 of 1 are 
the same thing. If AB is 1 yard, it is evident at once, since 2 ft. or 
I of 1 yard are of 6 feet, or 2 yards. 

7. The value of a fraction is not changed by multiplying the 
numerator and denoininator by the same nmnber. 

The term one-half is equivalent to t\vo-([uarters, to four-eighths, 
and so on ; that is J, &:c. arc all equal ; since it is evident that 
the result is the same if we divide the whole into twice the number 
of parts, and take twice the number, or into 3 times the number of 
])arts, and take 3 times as many of tliem. The above fractions arc 
the numerator and denominator being both multiplied successively 
by 2. 

Again, take f , multiply both numerator and denominator by 3, 
it becomes : if now we take a line and divide it into 5 e([iial parts, 
and 15 equal ])arts, it will he the same thing whether we take two of 
the larger parts, or six of the smaller, which are J the size. 

8. The value of a fraction is not cluinged by dividing the nume- 
rator and denominator by the same number. This appears in exactly 
the same way as the above, in any case; thus, dividing both nu* 
inerator and denominator by 3, gives |. The ])roccss is (M|uivalent 
to dividing the unit into larger portions, and taking fewer of them in 
prop()]*tion. 

j^h’actions are thus often simplified : example, is evidently re- 
ducible to to 


* A fraction is reduced to its simplest terms by finding their yrvatoal coynmou. tnoasuref 
that is, the largest immher which will divide Iheni hotli without a remainder. To tind the 
gri-atest common measure of two nuinhers, 

Divide the greater by tlie less. (>)nsi<ler the remainder as a new divisor to the f»)rnu r 
jivisor as a dividend, and find the next remainder. Consider the last remaimh r as a iu!W 
divisor, and find the next remainder, and so. on. The last divisor is the number retpiinal. 

If the last divisor is 1, the numbers have no coininou measure hut 1, that is, arc not 
further rediunble. 


Ex. 1 . Find the greatest coniinoii mea- 
sure of 24 and 124. 


14)124(5 

120 

o 


Ex. 2. Find the greatest cojnmon mea* 
sure of 48 and 1 1. 

11)48(4 

If 

4)11(2 ■ 

_8 

3)40 

I 

A ns. I 


Ans. 4. 
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[1.] Rtdu> lion io a Oommon Derunninator. 

0. Sup]) 0 se it is rrujiiircd to «t(1(1 toG^ctlier ^ and | ; if we could at 
)nce exj>ress thirds in iifths, or filths in tliirds, we should then merely 
enumerate the number of parts ; but as one of these fractions is no 
exact number of times cjreater than the other, (as may be seen by 
dividing- a line into 5 ])arts and 3 parts), we cannot do this. But by 
multiplying the numerator and denominator of one ])y some number, 
and of the other by some otlier nuni])er, (which leav(‘s the fractions 
unchanged in value, No. (>) we may select sucIj mullip]i(‘rs as will 
produce the same number in the denominator; thus, multijdying the 
numerator find denominator of f by 5, gives and miiitiplying 
the numerator and denominator of bv 3 gives and the fracioi.s 
I and ^ are thus reduetMi to 15ths. 

Again, to reduce and to tnc same denominator, multiply 
the numerator and denominator of by 11 , which gives /yb, and 
by 12 , which gives ^^ 3 ^. These reductions are etfected by multi])lying 
each numerator by the other denominator, and the two denominators 
together ; and the same applies to three or more fractions taken in 
succession. Hence tlic 

liiile: Multiply the numerator of each Iractiori by every dcno- 
miimtor, except its own, for the new numerator, and multiply all the 
fU nominators together for the new tlenoininator. 


Ex. L 

2 

Reduce 

-1, and 


3 

^5 

7 

Ex. 12. 

Reduce — , 

. I. and 4. 


17 

2 

7 

Ex. 3. 

2 

Reduce 

5 , 6 

and -• 


5 

12 

7 


2x15x7 1x3x7 1x3x15 210 21 45 

3^«5 X 7 * 3 15 X 7' 3x15x7’ 31^5’ vl ' Ji ? 

13x2x7 1x17x7 4x17x2 154 119 136 

17x2x7’ 17x2x7’ 17x2x7’ 238’ 238’ 23T 

168 175 360 
420’ 420’ 420’ 


10. The jirocess of reduction to a common demominator is often 
necessary in the comparison of two fractions, to find which of the two 
is the greater ; thus, to compare and 3 '^^, these heconie ] imd 
hence is the greater. 

11. Whole numbers an* written in tlio fractional form by em- 
ploying 1 as tl](? d(‘iioiniuator ; thus 3 is written ‘f, the 1 is in the 
))hi e of tlie unit divided into 1 ]iart (No. 2 ), that is, left entire, and 
tbe 3 denotes that 3 sneb parts are takeii (No. 3), 

12. By means of ibis last notation whole mnnbt'rs are reduced to 
fractions with tbe same denominator, by Ibe rule No. 9. Thus 1 1 and 

or It and | become Y ^tid ^ 2 * 


[2.J Adthmn, 

13. Beduee tbe fractions to a coininun denominator, add tbe nume- 
rators (No. 9 ), and under the sum }>lace the eouiiiion denominator. 

Ex. 1, Add together -- and These become — — — = and - -- —5 the sum 

^ 17 3 17x3 3x17 5 t 


of which ‘is 


5i‘ 



4 


INTRODUCTION. 


£ 2 . 2. Add together and Aiis. ^ 

24. 8 8 

- 4 1 1 * ^ • 3 , -810 iit 

iLX. S. Add — , ana . Aiis. i .. 

10 7 100 7C00 700 

Ez. 4. Add -i, 4 . “'id Alls. =: 

10 16 3 4.S0 120 

[3.] Subtraction. 

14 . liule : Reduce the fractions to a common denominator, and 
subtract the lesser numerator from the greater for a numerator. 
Thus, suppose it required to subtract J from -J, these become and 
/o, and from^ leaves 3^^, the remainder required. 

Hence it ap{)ears that the dilfcrence between j part and ^ part 
is of the whole. 

\ % 15 ^ 4 * 

Ex. 1. Find the difference between ~ and -. These become — and — , the differenc'* 

75 35 35 

of which is 

35 

Ex. 2. Subtract — from — . Ans. 

33 363 

Ex. 3. Subtract — from Xns. — = 

13 5 65 65 

[4.] MulHpIn 'otion* 

Jo. uiiilti])ly a fraction by a whohj number is to rtipeat the 
fraction a given number of times ; that is, to multiply \ by 3 , or to 
take } tliree times, gives J. Hence to multiply a fraction by a whole 
number is to inultipiy the numerator. 

Hence a number multiplied by a (proper) fraction is diminished; 
thus, 3 multiplied by which is J, is less than 3 . 

1 6 . To multiply a fraction by a fraction, as for example 4 by 
Since f is the same as twice one-fifth, we have to take ^ of and 
double the result. 

To take -.V of is to divide 4 into 5 parts and take one of them , 
now ^ is 3 X (by No. G), and dividing 4 5 equal ])arts gives 

since 5 such ])arts repeated 7 times make up 1 . Ilciice 3 of 
these parts (or 4 divided into 5 parts) is wliich is therefore of 4 * 
and doubled, or f of 4. 

Now, the numerator 6 is the product of the two given numerators, 
2 and 3 (as appears by the proce.ss) ; and the denominator 35 is tlie 
product of the denominators 7 and 5 . If we had to multiply tliis re- 
sult by a third fraction, the process would he the? same ; hence the 

Rule. Multijdy all tiio numerators together for a new numerator, 
and all the deiioniinators for a new denominator. 

Ex. 1. Multiply and Ans. — . Ex. 2. JMultiidy by Ans. ~ 

3 5 7 105 ^3 7 44 > 
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much less than -S. Again, | multiplied by itself is and this 
multiplied again by J is 

Hence a proper fraction is diminished by continually multiplying 
it by itself. 

[5.] Division, 

18. To divide a fraction, as J, by a \vhole number, as 4, is to find 
a new fraction which, repeated 4 times, shall produce that is, we 
have to divide a third into 4 ecpial parts. 

It will be at once seen, on dividing a line into 3 equal yiarts, that 
to divide each third into 4 equal parts, is to divide the whole line 
into 12 equal parts, and since 4 of such parts, or twell'tlis, constitute a 
third, is the required fraction. Ilence, as similar reasoning 
applies to any other fraction or whole number, the most general rule 
for dividing a fraction by a whole number is to multiply the denomi- 
nator by the given whole number; but if the numerator be a multiple 
of the divisor, it is better to divide the numerator as it leaves the 
result in a more reduced state. 

19. To divide a whole number, as 3, by a fraction, as 
Dividing 3 by 1 , that is, finding how often 1 is contained in 3, gives 
3. Now, it is easily seen, since is 4 times swaller than 1, that it 
must be contained in 3, four times oftener, that is 12 times; and 
12 is the product of 3 by the denominator 4. 

To divide 3 by f. Since f is twice we have to divide 3 by 

and take half the quotient; and we know that to divide by the 
jiroduct of two numbers, 2 x is the same thing as to divide by them 
sejiarately, that is, 3 divided by J is 3 multiplied by 5 (No. 18), and 
divided by 2 ; or 3H-f is the same as 3 x f, or 

Here ^ is the fraction f inverted. 

As similar reasoning a})plies to any numbers and fractions, we 
have the 

Rule. To divide by a fraction, invert the fractional divisor, and 
proceed as in multiplication. 

20. To divide a fraction by a fraction. We have evidently to 
treat the dividend as a whole number, and apply to the divisor the 
rule above. 

Ex. 1. Divide — by = Ex. 2. Divide “ by - AuvS. 

11*^3122248 4 ^ 8 

Ex. 3. Divide - by — . Ans. 

7 II 63 

Hence it appears that the smaller the fractional divisor the 
greater is the quotient. 

21. When a quantity is both multiplied and divided by the same 
number, it remains unchanged. Hence when the same number 
occurs in the numerator and denominator of a fraction, or of two or 
more fractions multiplied together, we simjdy omit or erase it ; as,^ 
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II. Decimal Fractions, 


22. Tenths, hundredths (whieh are tentlis of tenths), and so on, 

are called Decimal Fractions, and may he written as fjactions, 
havint^ for denominators 10, 100, &c., thus, one-tenth, ; three 
hundredths, ^ &e. But as these quantities are counted by tens, 

like common numbers, it is simpler and more concise to write them 
in continnatlon with the common numbers, only taking care to put a 
dot, called the decimal i^ohit^ where the whole number ends and the 
fraction begins; that is, between the unit and the tenth : thus, 21*32 
signifies 21 and 3-1enths and 2-hundredths; 432*0 signifies 432 and 
9-tenths ; 33*05 signifies 33, no tenths, 5 hundredths. 

23. In the fractional part beyond the dot, eacli figure may be read 
in its sejiarate (hmomination, or the whole may be read in the deno- 
mination of the last: thus, *32 is read either as 3-tenths and 2 hun- 
dredths, or as 32-hundredths; just as 32 is read either as 3 tens and 
2 units, or as 32 units. 

24. As *5, (or 5-tenlhs) is the half of 1, so *05 is the half of 0*1, or 5 
luindi‘edth-parts are the half of on(st(‘nth ; 5 thousandth-parts are 
the Iialf of a hundredth-])art. The half of 5 tentlis is 2 tenths and 
half a tenth, tliat is, 2 tenths and 5 hundredths, or ()’25. Hence the 
fractions, quarter, half, and three-quarters are written in decimals, 
0*25, 0*5, and 0*75. 

All the ])receding rules ajiply ec|ually to decimal fi’actions ; but 
as th(‘se hist, from their denominators being multiplied by 10, are of 
a uniform kind, special rules have been made for them, relating, 
however, almost entirely to the placing of the decimal point. 


[l.J Addition and Subtraction, 

25. Place the quantities so that their decimal points shall be in 
the same vertical line; for then the quantities of the same denomina- 
tion will stand togetlua*. 


Then proceed as in the addition 

Ex. 1. Add together 0*35, 47-4, and | 

9 * 12 . I 


0*12 
Sum 56 .57 

Ex. 2. Add togetlier 72-90, 4’i, and 

72-9-; 

. 41 

Sum 129 '40 


r subtraction of whole numbers. 

Ex. 3 . From 31*8 subtract ij*62. 

3I-X 
1 1 -62 
Rem. 20’ 1 8 

E\. 1. From 423’ 5 subtract 97*9. 

423-5 

JZ7J9 

Rem. 325-6 


^ [2 ] Mnttiidicatiou. 

^ 2G. Maitiply the numbers together as whole nunilxu’s, and jioint 
oft* as niiiny decimal places in the product (beginning at the right) as 
there are decimal places in the multiplier and multiplicand together 
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AVlien the decimal places to be pointed off are more in number 
than the figures of the product, make up the proper number by 
prefixing ciphers to the product. 


Ex. 1 . Multiply 34*11 by 3*72. 

34*11 

3*7a 

6822 

23877 

10233 

Ans. 126*8892 

In 34*11 are two deeiinala; in 3*72 are 
tT>0 ; therefore, four (le(’iriial places are pointed 

otr. 

Ex. 3 . Multiply 90- 01 by 0.034. 3 

Ex. 4 . Multiply together 1*3, 1*2, and o* 


Ex. 2 . Multiply *201 by '06. 

*201 

•06 

Ans. ’01206 

Tlie. product of 201 by 6 is 1206 ; in -201 • 
are three decimals, in *06 are two ; to mah.; 
up five decimals, a cipher is prefixed to 
1206. 

’06034. 

39. Ans. 0*1404. 


[ 3 .] Division. 


27. Divide as in whole nuinb^irs. The rule for placing the deci- 
mal point is, tliat the quotient and divi.sor together must eontain as 
many decimals as the dividend.'^' 


Ex.'l. Divide 17*34 by 3*4. 

3*4)i7*34(5^ 

170 

~34 

34 

Here 17*34 ^'ontains two dc<’ima].s, 3*4 
cx)ntains only one; therefore 51 must contain 
the remaining oiu! required, and be written 

Ex. 2 . Divide 541*2 by 66. 

66)541*2(82 

132 

Here 541*2 contains one decimal, 66 none; 
hence 82 must contain one, and 1 j( 3 written 8*2. 

28. When the dividend has no 
preceded by tlie decimal point. 

Ex. 1 . Divide 19 by *04. 

Annexing two <’ij)hers to 19, gives the 
vMDmpiete quotient 475. 


Ex. 3 . Divide 2*392 by 4*6, 

4*6)2*392(52 

230 

“2 

Here 2*392 contains three decimtlfl, rnd 
4*6 one, the roiiaining two required must 
therefore be obtained l)y pointing off hot!/ 
figures of 52 thus, *52. 

Ex. 4 . Divide 338*4 by 9*4. 

9 ‘ 4 ) 338 ' 4 ( 3 ^ 

282 

I64 

564 

Here the dividend has one deeimal, and 
the divisor also one, or as many, and the 
quotient is therefore an integer. 

et'imal.'^, cipln'rs must be annexed, 

Kx. ‘ 2 . Di\ide 132 by 0*7. 

Annexing li\c ei]dicrs (dec'iinals) gives 
quiuient Tlnn the number which 

added to one decimal in 0*7 to make up live, 
is four. Ans. 188*5714. 


29. AVhen tlie number of figures in tlie (juolienf is not sufficient 
to make up the required number of decduials, cijiliers must be pre- 
fixed. 


• It is always easy to verify the quotient, since multiplying it by the divisor should re- 
produce the dividend; thus, in Ex. 1 , 5 1 x 3*4 gives (by No. 26 ) 17 *.') 1 . The learner 
should also exercise his common sense on the re.sults as a security against gross mistakes; 
thus, 17*34 divided by 3*4 will be near 17 divided by 3 ; that is, less than 6 (as 5 1 is). 
Again, 2*392 divided by 4*6, is not far from P. divided by 4 , or a half (which is nearly * 52 ). 
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£j.l. Divide *1734. by 5*4. 1 Ex. 2. Divide 2*392 by 46. 

Here *1734 contains four decimals^ and 1 Here 2*392 contains three decimals, and 
3*4 one; the quotient 51 (Ex. i, above) . 46 none; the quotient (52) must contain 
contains only two figures, and three are re- three, and becomes 0*052. 
quired; hence 51 must be written 0*051. | 

Ex. 3 . Divide 27*9 by 0*02. Annexing one cipher, the quotient is 1395. 

Ex. 4. Divide 0*0296 by 5*2. Annexing two ciphers gives quotient 569, which is 0*00569, 
since the five in this added to one in 5*2 make up six. 

30. The division may always be carried to any degree of accuracy 
by annexing ciphers to the dividend, as is seen in Ex. 2, No. 28. 

31. The decimal point maybe removed altogetlier from both the 
divisor and dividend, by continually multiplying each by 10 ; for tlie 
tpiotient will thus remain unaltered, No. 7. The first decimal in 
the quotient will then appear only with the first cipher annexed to 
carry on the division. 

Ex. Divide 27*9 by 0*02. Multiplied by 10 they become 279 and 0*2 ; multiplied again 
they become 2790 and 2, the quotient of whicli is 1395. 

This easy process furnishes a comj)lete security against wrongly 
placing the decimal point in the quotient. 


[ 4 .] Reduction. 


32. The groat convenience of aecimals makes it often desirable 
to reduce vulgar fractions to the decimal form. 

To reduce a Vulgar Fraction to a Decimal Fraction. 

Divide the numerator by the denominator, adding ciphers as 
required. Tlie quotient is the decimal required. 

Ex. 1. Reduce - to a decimjil fraction. Dividing 10 by 5 (the cipher being added) wfl 

, I . ^ 

find - IS 0*2. 

5 

Ex. 2. Reduce “ ^ decimal fraction. Dividing 10 by 3 gives 3 ; the next cipher 

udded gives another 3, and so on continu:illy. The fraction required is therefore 0*333, 


Ex. 3. Find what decimal of i (nautical) mile is 700 feet. 
There are 6080 feet, nearly, in 1 such mile ; hence i foot is 


40*6 * ■■■ — of 1 mile, which gives 0*115 of i mile, nearly. 
0060 


1 

6080 


of 1 mile, and 700 feet 


Ex. 4. Find what decimal of i minute is 42 seconds. 

I 42 

I second is — of i minute, hence 42 seconds are — or 0*7 of a minute ; or, as it may b* 
wiitten, o"'*7. 

Ex. 5. Find what decimal of i foot is 8^ inches. 

^ ^ 4 j 

First, is 0*75 of i inch, hence 8- inches are 8*75 inches. Then, i inch is — of i foot 
4 8-75 4 12 

hence 875 inches are , or ©*,29, of i foot. 

Ex. 6. Find what decimal of i degree is 8' 37". 

37'' aie of i', or 0*61 of i' ; then i' is ^ of 1° ; hence 8'*6i are of i°, or o'’*i43. 
Ex. 7. Find what decimal of 1 day is 3** 42™. 

42*" are o^ i’’, or 0^7; and is — of i day; hence is — of i day pr 

24 24 

0^*154166, See, 
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33. Or, reduce the given quantity to the lowest of its denominations 
when there are more than one, and also the integer to which it is 
referred, to the same denomination ; tlicii divide the given quantity 
bv the integer thus reduced. 

Ex. 1 . (Ex. 3 , above.) The given quantity, 700 feet, being all in one denomination, 
requires no further reduction. 

The integer i mile, reduced to the same denomination, is 6080 feet ; then 700 divided 
by 6080 gives 0*115. 

Ex. 2 . (Ex. 5 , above.) 8 inches and 3 quarters are 35 quarters ; and i foot redueed to tha 
same denomination, is 48 quarters; then 35 divided by 48 gives 0*729. 

34. To reduce a Decimal Fraction to a Vulgar Fraction. 

Note the number of parts which the unit or integer of the given 
quantity contains of the next inferior denomination, and multiply tlio 
given decimal by tliis number ; the product is the given quantity 
expressed in that denomination. 

If this product have a decimal part, multiply this decimal by the 
number of parts which the unit of the present denomination contains 
of the next inferior denomination to that just before employed: this 
product is the quantity which the given decimal contains of that next 
denomination. 

Proceed (if there still be decimals), in like manner, to the lowest 
denomination in which the decimal is required to be expressed. 


Ex. 1 . 


Find the number of feet in 0*115 of i mile. 

The next inferior denomination to that of miles'! 
is here feet, of which the number in i mile is | 

Ans. (in the lowest denomination required) 


0*115 
, 6082 

699*4 feet 


Ex. 2. 


Find the number of seconds in 0*7 of i minute. 

The next inferior denomination to that of minutes'! 
is seconds, of which the number in i minute is ) 


0*7 

60 

Ans. 42*0 seconds. 


Ex. 3 Find the number of inches and eighths in 0*48 of i foot. 

The next inferior denomination to that of feetl 
is inches, of which the number in i foot is j 

The next proposed inferior denomination to inches'! 
is eighths, of wdiieh the number in 1 inch is j 

Ans. 5 indies and 6*o8 eighths, or ^ nearly. 


0*48 

12 

5*76 inches. 
8 

6 *08 eighths. 


E.X. 4 . Find the number of minutes and seconds in o”*734. 

The next inferior denomination to that of degrees 1 
is minutes, of which the number in 1° is) 

The next inferior denomination to minutes 1 
is seconds, of which the number in i' is ) 
Ans. 44' 2"*4. 


Ex, 5 Find the number of hours and minutes in 0*37 of a day. 

Tlie next inferior denomination to days is'! 
hours, of which the number in i d. is 24 j 

The next inferior denomination to hours isl 
niiiuites, of which the number in i" is 60 j 
Ans. 8« 52™*8. 


0*734 

. 60 

44'*040 

. 60 


2*400 


0*37 

8*88 hours. 
60 


52*80 minutes. 
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35. When vve propose to use the nearest whole number, rejecting 
the decimals, if the decimal is less than *5, we omit it, if greater than 
*5, we count it as a unit. For example, if we propose to take 31 ’3 
as a whole number, we call it 31 ; if we propose to take 31*7 as a 
7/hole number, we call it 32. The reason is, obviously, that 31*3 is 
nearer to 31 than it is to 32, w hereas 31*7 is nearer to 32 than it is 
to 31. 

Ill like manner, we may abridge the decimals themselves when 
accuracy is not required: thus, for ex. 11*567 may, when two })laces 
only are required, be written 11*57, or when one place only, 11*6.* 


11. Proportion. 

36. the term ratio we commonly understand the relative 
mangnitude or quantity of two things of the same kind ; thus, when 
we speak of the ratio of two numbers, 12 and 4, wc mean their 
relative magnitude, or the result of comparing them together in 
res])ect of quantity. 

37. The most distinct and intelligible notion which w*c can form 
of the degree in which one quantity or magnitude is greater than 
another, is the number of times one contains the other ; that is, the 
quotient of one by the other is the measure of the ratio. Thus, to 
compare 12 and 4, w'c find that 12 contains 4 three limes, or the 
quotient or the number 3, is the measure of the ratio of 12 to 4. ^ 


* The following signs, or symbols, of arithmetical ojarations, arc ofleii for 

abbreviation. 

( 1 .) The sign +, called (which is the Latin Un more), signifi(>s ndififire, or to be 
added. 

( 2 .) The sign • called minvs (which is the Latin for lens), signit'u’s subtractive, or to 
be subiracied. 

Ex. + 3 signifies 3 to be added. —3 signifies 3 to be subtracted. 

^ 3 .) The sign x signifies multiplied by. 

Lx. 7x5 signifies 7 muUiplicd by 5. 

(4.) The sign signifies divided, by. Tlie ojieration of division is aLo indii^atcd by 
writing the divisor under tlic dividend, with a line between them. 

Ex. 14 2 signifies 14 divided by 2 ; which is as frcf|ucntly denoted thus, - 

2 

( 5 .) The sign = signifies equal to (or amounting to). 

Examples of the preceding, with the results in eaeli case, will stand thus : 

(1.) 14 and 3 = 17, or T4+ 3 = ,7. (2.) 10 — 3 = 7. 

p.) 7x5 = 35- ( 4 .) 14 -i- S = 7. or — . 

2 

These processes appear much more conspicuous to the eye tlian wlien written >ut in 
words at length. 

t iiut. Instead of saying that the absolute number 3 is the measure of the ratio 12 .* 4, 
it is more correct to say that the measure is itself the ratio of 3 .* 1 ; because, in all eases of 
measure, we i raploy a convenient quantity of the same kind as a unit, as 1 foot, or 1 mile, 
for length, I sf'cond for time, cS:c. ; so the measure of ratio is its(df a ratio, but of tlu? 
simplest form that can be fouiul. 
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The ratio or proportion (for the terms are often used indifferently) of 
two nunihers, as 12 and 4, is written thus, 12:4, or, as above, 

38. Suppose it required to find the ratio of 12 to 5. 12 contains 

o more tlian twice, hut not tliree times. By Jictnal division, y- gives 
2| ; but this, instead of being simpler, is more compl(,‘x j;han 
Hence, as we cannot siinjilify this fraction (12 and 5 having no 
common measure but 1), it remains as the measure, or represents the 
ratio of 12 : 5. 

39. Ill the same manner is represented the ratio of 4 to 12, in 
wliich the smaller term is taken first; for though 4 does not contain 
12, yet it contains tlie third jiart of 12, so that there is still an exact 
relation between the numbers in this order : in other words, the 
ratio of 4 to 12 is the same as the ratio of 4 to 1 ; but the ratio of 

to 1, or a third to the whole, is the same as that of 1 to 3, since 
(‘ach contains the other three times. Hence, d : 12, or ’ : 1, is the 
same as 1 ; 3, or the same as which is the measure of 

40. There is an employment of ratio or fractions which is often 
embarrassing to unpractised arithmeticians. If we increase 6 to 7, 
we add X-sixih^ for 1 is of (), and 0-h 1 mak(? 7 ; but, if wc now 
diminish 7 to (), w^e take away \-serenth, for 4 of 7 is 1, and 7~1 is 0. 
In the first case, we take a fraction of 6, in the second, a fraction of 
7 ; and it is obvious that the same quantity cannot be the sairn^ 
fraction of two different mimliers. In like manner 3 increased by 
of itself becomes 4; but to pass back again from 4 to 3, we must 
take away } of 4. 

41. It may be convenient to exjiress the change of a quantity in 
any ratio, by means of the increase or diminution it undergoes, 
measured by a fraction of itself. 

To incn\'ise a number in the ratio of is comjiosed of ^ and 5 , 
or 1 and ; hence the numlxM’ is to be increased by 5 of itself. 

To diminish a number in the ratio of -} is equivalent to f, 
deducting ], or to 1— 4; hence the number is to be diminished by 4 
of itself. 


Ex. 1. A number is increased in tlie ratio of - . by what fraction of itself is it increased 
, 18 53 * 

Answer, — . 

53 


Ex. 2. A number is diminished in the ratio of - 4 1)V wliat fraction of itself is it diminislied ? 


Answer, 


28 


5 * 


42. Tlie first of two terms taken in order is called tlie aiitecaJetitj 
ami tlie second tlie consrquotf : tlins, in 12 ; 4, 12 is the antecedent- 
and 4 tbe consequent ; ^n 4 : 12, 4 is the antect'dent. 


1 . Direct Proportion. 

43. When two pairs of terms occur, each antecedent having th' 
same ratio to its consequent, the four terms corstitute an anah^gy, or 
proportion, as it is also called: thus, 18 and iy 12 and 4 each i>air 
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having for its measure the ratio 4* form this proportion — 18 is to 6 
as 12 is to 4 ; or, as it is written for abbreviation, 18:6:: 12 : 4. 

The same vS also written thus : = ^4^ , and read “ the ratio of 

18 to 6 is equal to the ratio of 12 to 4.”* 

44. In every proportion the product of the two extreme terms 
is equal to the product of the two mean (or middle) terms: thus, in 
18 : 6 : : 12 : 4, 18x4 = 6x I2 = 72.t This property affords the 
test by which we learn the various alterations that may be made in 
a })roportion, the original proportionality being still preserved. 

45. The followin<r variations in the order of the four terms of a 
proportion occur the most frequently : — 


Given form, 18 I 6 *; 12 I 4 
Alternately, 18 ; 12 11 6 I 4 
Reversing, 6;i8;i 4! 12 
Or, 4 ; 12 6 ; 18 


In like manner, 


(j 

c: 


6 

4 

18 

4 


12 : 18 
18 ; 12 
4 : 6 
18 : 6 


46. In a proportion, either of the mean terms is equal to the 
product of the extremes divided by the other mean. 

18x4 , 18x4 

Thus in 18 : 6 :: 12 : 4, 6 and 12 = - ; - 


Also, either of the extremes is equal to the product of the means 
divided by the other extreme ; as in 


18 : 6 


^ 6x12 , 6 X 12 

12 14, 18 = — — , and 4 ^ * 


Hence, if any tliree terms of a proportion be given, the fourth 
may be found. 

47. It is often required to increase or diininisli a quantity in a 
certnin ratio, or proportion. For example, to increase the numlier 
12 in the ratio of 13 to 1, is to multiply by 3. For the increased 
(|uantity (wliich, being yet unknown, we will call .r) is to be to the 
given quantity 12, as 3 to 1, or a: : 12 ; : 3 : 1 . Whence (No. 44) 
1 X a: =12x3. Again, to reduce a number, as 13, in the ratio of 
5 to 7, is to mnlti))ly it by 5 and then <livide by 7, for the required 
number (.r) is to be to the given number (13) as 5 is to 7, whence 
^ _ 13 X 5 

For example, if certain provisions last 122 men a given time, it 
is evident that, in order to last 1411 men the same time, they must he 
increased in the ratio of 146 : 122; that is, multiplied by 146, and 
tlien divided by 122. Again, if certain provisions suffice 106 men, 
and they are required to serve only 74 men, they may be diminished 
in the ratio of 74 to 106 ; that is, x 74-r- 106. 


* Hence proportion is lalso described as being the equality of ratio, 
t Hence, also, when the products of two pairs of numbers are equal, the four numbers 
may be written as a proportion. Ex. 22 x 66 t= 4 x 363 ; hence 22 * ,4 1 : 363 I 66. Care 
must be taken in the order of the terms, which, though indijfTerent in a product is every 
thing in 1 proportion. 
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[ 1 .] Rule of Three^ Direct. 

48. Jsamerous arithmetical questions occur in a form more or 
less like this : if 5 men do 20 yards of work, how many yards 
will 11 men do, in the same time, and under the same circum- 
stances.* 

(1.) The most obvious and natural method of solving- such ques- 
tions is the Method of Unity, Thus, if 5 men do 20 yards, 1 
man alone will do 4 yards, and therefore 1 1 men will do 1 1 times 4 
yards. 

(2.) The General Method is to arrange the terms in the manner 
of a proportion, and then to find the unknown term from the other 
three, (No. 4G). Tims, it is obvious that a constant proportion 
obtaining between the men and their work, we have 

5 men ; 20 yards : I 1 1 men : number of yards required. 

This process is called the Rule of Three. 

(3.) They, however, who^ arc practically familiar with ratio, or 
proportion, perceive, on considering the question, the ratio in which 
one of the given terms is to be changed, so as to suit the conditions ; 
and thus the solution is effected at a single step. Thus, in the above 
(juestion, it is evident that the given number of yards, 20, is to be 
increased in the ratio of 11:5; that is, in exactly the same ratio as 
the number of men is increased. The sohition, therefore, is com- 
prised in these figures, 20 x y, which give.s 44. 

49. Various prec*e])ts have been suggested for ensuring a correct 
order in the arrangement of the terms, or the statement of the 
([nestion^ as it is called ; and one of such, which is often uscdiil’ is to 
consider the terms given as standing to each otlier in the relation of 
cause or agent, and effect (as, for instance, the men in the above 
example and their work). By this supposition (which, however, is 
arbitrary and unsatisfactory enough in many cases), the four terms 
are rightly paired, or the antecedents and consequents rightly taken. 
]lut the fact is, that no mechanical rules can so completely supersede- 
the notion of proportionality as to absolve the mind from all neces- 
sity for estimating it; and, consequently, the student, if he clearly 
understands proportion, depends upon it alone; and if he does not, 
he cannot, from any number of precepts, feel the least confidence in 
the soundness of his result. 

As a right apprehension of proportion is most essential to every 
one who has any tiling to do with calculation, we have, for the sake 
of exercise, solved several examples in eacli of tlie above three forms. 


Ex. 1. A steam-vessd consumes 13 tons of coal in ij clays ; Iiow long will 98 tons last.’ 


( 1 .) Method of Unity ; 13 tons in i^d. or ^d.,is i ton in - 


4x T3 

98 X 7 , or 13./^ days, or 13d. 5I1. nearly. 


or and 98 tons in 


* In the application of the rules which follow, the circumstances are supj)osed to remain 
the same, that is, the change of the numbers does not imply any other change. If, fur 
Rxample, the increased number of men should be in each other’s way, so as to interfere with 
Iheir labour, this must be made a separate consideration. 
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( 2 .) General Method : 13 ; iJJ. :: 98 I d. rcq. = i’75x 98 + 13 ==» 13*2 days. 

( 3 .) By Ratio; Here i| (days) is to be iiicreasetl in the nitio of 98 to 13. 

r7SX98-i-i3 = i3-2. 

Ex 2. If 13 men make 420 yards in 20 days ; how mueh will they make in ii days? 

Note. — The number of men remaining the same, while the time and the work 
change, iu;ed not be noticed. 

(1.) 420 yds. in 20 d. is 21 yds. in i d., and ii x 21, or 231 yds. in ii days. 

( 2 .) 420 yds. 1 20(1. :: yds. rcq. I ii yds. rcq. = 11 x 420 + 20 ==231 yds. 

(3.) Here 420 is to be diminished in the ratio of 1 1 to 20. 

Ex. 3 . A pump, A, didivcrs 1 ton in 5'" ; another, LI, i ton in 8"' ; and a third, C, i in 
15'“ : how much water will they deliver in i'* io‘“ } 

Ans. A, ’f— 14 tons ; B, ‘^'’ = 8'7; C, ]|^ = 4‘7. Total, 27*4 tons. 


Ex. 4 . A boat. A, lands 32 men in 28'“ (going and returning) ; another, R. lands 68 men 
in 41"' ; and a third, C, lands 20 men in 23*" ; iiow l(jng will all take to land 220 
men } 

At these rates, in i**, A lands ^ 5^ = iir4 ; B, x 68, = 99*15 ; and C, x zc, 

= 52*2. Total in I'h 263*1 men. N(jw, as the number lamled is proportionate 
to the time, we have 263*1 ; 1“ :: 220 1 220 x i + 263*1, or o*‘*84 nearly. 


Ex. 5 . A boat, A, tills 8 tons of water in 3.^’; another, H, tills 5 tons in 4’* ; and a 

third, C, fills ton in ; in wdiat time will they till 107 tons ? 

( 1 .) in I*', A fills tons; 13 , | tons; and C, ^ tons; or altcjgetlier, tons. This ia 
1 ton in -jTl, of i*', 107 Ions in 28 x 107+ 123 — 24'"4. 

( 3 .) Having found the fraelion expressing the joint elFect for i*', or V’g* tons ; i’* is to be 
elianged in that ratio, whieli will convert this into 1, by Ex.), which gives 
the time for i ton ; this is then to he increased in the ratio of icy I i. 

Note, — Such quc.'^tions as in Ex. 4 and 5 do not usually admit of (“xa('t solution ; thus, in 
any whole number of trips that can be propo.sed, the boats c'arry too much or too little,. 

Each boat performs a certain quantity in one particular int(;rval of time, and not continnotiAl}/, 

like a jmmp, or so much prr hour ; the reduction, tlierefore, to hourly rat(^, is not (‘orreet, 
but it is near enough for tbrniing a tolerable estimate, wliieh, in praefiev, is all that is waiili'd. 
To obtain as complete a solution as the question allows, we must take each boat’s pcrformaiicf* 
separately, and aild them all up. 


day is iS'z 1" ; find the change for i’’ 34™ 


(j 101") : : i'‘ 34"‘ (94“*) 

:: i '‘*6 


, u' 

; w. 


Ex.C. The ehangc’ of the .sun’s declination in 
24" (1440“') : 18' 2 
or, less exactly, 24'* I i8'*3 

Ex. 7 . In a Table, against 36° stands the 
term 27943, and against 37“ stands 28504; 
find the tiaiii corrcspoiidiiig t(j 36^^ 23'. 

3^’' 27943 

37 28504 

J^iff 561 

licnee 60 ; 561 : 23 lx 

which added to 27943 (because the terms 
increase while the argument* increases), gives 
the term required. 


Ex. H. Against in a Table stands 
6726, and agilin^t 11“ 30’ stands 6354; tind 
the term eorresponding to ii 37'. 

ii"* o' 6726 

30 63^4 

Dili’. 372 

30 : 372 37 ; x 

to be subtracted from 6726, whieli gives tiie 
term required. 


50. The process of finding a term wliudi falls between two given 
tertns, or, as it is called, Interpolation, is siiHicicmtly exeinpliHcd 
above; but it is iiii])ortant to remark that it is not always necessary 
to work proportions at length. It is enough, for most practical 


* The argument is the quantity at the side or head of the Table, for which the terms 01 

quantities in the body of the table are given. 
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pur[)Osos, to take a quantity, soniewli(jrc between the given terms, as 
half* way, or a third of the way, between them, aceordiiig to the case 
The power of guessing the pro})ortional ])art is aeapiired by practice, 
and saves time which otlierwise would often be wasted in working to 
a superduous degree of accuracy. 

On tlie other hand, when extreme precision is required, this pro- 
portioning alone is not enough, but a correction is necessary, for 
which see the explanation of tlie Table for dnding the Equation oi 
Second JJifierences. 

[ 2 .] Double Rule of Three ^ Direct. 

51. Questions in the llule of Three oc(!nr also in a more complex 
form; thus, if 2 men do 7 yards of work in 3 hours, liow many yards 
will 13 imm do in 11 hours? in which tin; answer is recpiired to 
correspond not merely to a certain number of men, but also to a 
certain number of hours. 

This question resolves itself into two: 1st, if 2 men do 7 yds. 
how many will 13 men do in the same time, or 3 hours? The 
answer to which is 45‘5 yds. ; and, 2nd, if 13 men do 45‘5 yds. in 3 
hours, how many yds. will they do in 11 hours? Hence the solution 
of such questions is called the Double, or Comj)ound Rule of Three. 

Kx 1 . The cxainph; jilxive 

(^ 1 .) I in:m dcu's ^ ot 7 yds., or 3*5 yds. in 3'*, and 13 mon do 45*5 yds. 

13 iiUMi 45*5 yds. in 3'', or 15’ 17 yds. in 1'', and Ihcrelore 166*87 in ii hours. 
( 2 .) Thu t^^o statcinunts as giiun above. 

( 3 .) 7 is to be iiicruascd in the ratu) of 13 ; a, and tliun of 1 1 I 3, 

Ky 2 . If 9 men inaku 47 yds. in 4 djiys, liow many yards will 17 men make in 31 days.^ 

Ans. 688 yds. 

Kx. 3 . If 5 men do 64 yds. in i r days, in how many duys will 14 men do 37 yds. .* 

(1.) 1 man dous 64 yds. in 55 days, or i yd. in c*86 days, and 

14 mun do i yd. in *S6-i- 14, and 37 yvls. in z'ay days. 

(2.) 5 m. ; 64 yds. :: 14 m. ; 179*2 yds. 179*2 n •• 37 1 2*27 nearly, 

( 3 .) 1 1 is to bo dimiuislu'd in the ratio of 37 ; 64, and then of 5 I 14. 

Ex. 4 . A ci'rtain fjuantity of provisions lasts 170 men for 3 months; liow much is rt- 
qiiircd for 210 men for 2 months? 

( 2 .) 170 ; I (whole) :: 210 : .r — 210-^170. Ami jy ! 210-f- 170 : : 3 1 2. 

( 3 .) The (juantity is to be increased in the ratio of 2 10 ; 170, .aud diminished in the ratio 
of 2 ; 3. 

Ex. 5 . A steam -vessel has fuel for steaming 13 days at ii hours a-day ; how much must 
she take to steam 15 days at 18 hours a-day ? 

( 3 .) Th(^ fui ‘1 must ])e increased in the ratio of 15 I 13, and then of iS : ii. 1 § >< H “ 
i'lH, wliicli is 1 1^5, or nearly, or ne.nly doubled. 

Ex. 6. Three boats fill 16 tons of water in 7 hours; how many boats, at the same 
average performance, will fill 78 tons in 10 hours ? 

( 1 .) 3 boats fill 16 tons in 7**, or \ of 16 = 2*3 tons in i'*, and 23 tons in 10 hours. Then, 
since 23 tons employs 3 boats, i ton employs of i boat, and 78 tons will 

employ or 10*2 b'e^ats. 

23 

'2.) 7^' • 16 t. :: lo** ; x tons (=22*9) 22*9 t. I 3 b. ’.I 78 t. ; 10*2 b. 

(.3) j w to be increased in the ratio of 16 : 78, and then diminished in the ratio of 10 : 7 . 
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2 . J averse Proportion. 

52 . Ir direct proportion, as we liave seen, more is alv^ays fol- 
lowed by more, and less by less. But when the nature of the ques- 
tion is evidently such that more will be followed by Less^ or less by 
more, the proportion is no longer direct. For example, if 5 men do 
certain work in 4 days, in how many days will 7 men do the same 
work? Here it is evident tliat the greater number of men will 
require less than 4 days. Again, if a ship going 8 knots, sails a 
certain distance in 5 hours, it is evident that, if she goes at a greater 
rate, she will perform the same distance in less than 5 hours. 

53. In a ([ucstion of work performed, the result is represented by 
the number of agents multiplied by the time each works; thus, 0x5 
or 30, represents the labour of 6 agents working for 5 hours, the unit 
of work being that performed by 1 man. If now, the work remain- 
ing the same, we double the number of agents, we shall obviously 
halve the time, since 12 men will do the work of 6 in half the time, 
and 12x2^=30. Or, again, trebling the number of agents, gives 
18 X ^ of 5, or 18 x ^=30. That is, while one factor of a given ])ro- 
duet is increased in the ratio of 3 : 1, the other must be diminished in 
tlie ratio of 1 : 3, which last ratio contains the same terms tis the 
other, but in a reverse or inverted order. The four numbers consti- 
tuting two equal products are hence said to be in inverse proportion 
to each other. 

In the exam])le. No. 52, the number of men is increased in the 
ratio of 7 : 5, and the time is accordingly to lx; diminished in the ratio 
of 5 : 7 ; hence 4 days becomes 4 x 4, - r days. 

[ 1 ]. Hule of Three Inverse. 

54. In regard to the solution of these questions • 

(I.) In the method of unity, the consideration of inversion does 
not present itself. 

(2.) As a question of proportion, the solution may be elfected 
thus. Suppose the proportion were direct, then (exann)le above, 
keeping the antecedents and consequents in their givt;n order) 
5 men : 4 days : : 7 men ; a: days. Now, we require a dir(‘ct comparison 
between the number of men in the two cases, and the times in the 
two cases; hence we alter this to 5 men : 7 men : : 4 days : days. 
But this would give ^ greater than 4, as 7 is greater than 5, wher(*as 
we know it must be less ; hence, inverting the last two terms, gives 

5 : 7; : : 4, or 7 : 5 : : 1 : a; or 2^ days. Hence the pro- 

cess (which is, perhaps, as little liable to mistake as may be exjieeted 
in a question of some perplexity), is, 1, to write, in the form of a 
direct proportion, the given antecedents and their consequents; 2, 
to close terms of like denominaiion ; 3, to invert the last two terms, 
and then to find the unknown term. 

Ex. 1 . If 7 men do certfiin work in 4 days, in liow many days will 10 men do it? 

(I.) 7 mun in 4 days is i man in 28 dayh, and 10 men in 2*8 days. 
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^Sf.) Direct form, 7 men ; 4 d. : : 10 men I days required. 

Like terms, 7 : 10 * * 4 * days required. 

Inverting, 7 • : 10 : : d. req. : 4. Ans. 2*8 days. 

( 3 .) It is evident that 4 is to be diminished in the ratio of 7 to 10. 

Ex . 2 . If 27 men do certain work in 14 days, how many men will do the same work in 4 days ? 
(1.) 27 men in 14 days, is i man in 378 days ; and 378 4 gives 94J men. 

( 2 .) Direct form, 27 in. \ 14 d. :: men req. ‘ 4d. 

Closing like terms and inverting, men req. = 27 x 14-4-4=5^4^ men. 

( 3 .) 27 is to be increased in the ratio of 14 I 4. 

Rx. 3 . If 12 men do certain work, working 4 hours a-day ; how many men will it take to do 
the same work, working 7 hours a-day ? 

( 1 .) 12 men in 4 h. is 4S men in 1 h., and ^ in 7 hours, or 7 men nearly. 

( 2 .) Direct form. 12 ra. 1 4 h. :: men required 1 7 h. 

Closing like terms and inverting, 12 x4-^7 = 7 men nearly. 

( 3 .) 12 is to be diminished in the ratio of 4 I 7. 

Ex. 4 . Certahi tons of fuel last a steam-ve.ssel ii days, steaming 4 hours a-day; how long 
will they last steaming 6A hours a-day ? 

(1.) 4 h. for 1 1 d is at vlic rate of i h. a-day for 44 d., and therefore 6j h. for 44-5- 6.J, 
or 88 — 13, which is 6*77 d., or 6 d. iS.t h. 

( 2 .) Direct form, ii d. I 4 h. :: jc days * 01 h. 

Closing like terms and inverting, .*•=44 =56*77 d. 

( 3 .) Here 1 1 days is to bo diminished in the ratio of 4 to 6*. 

Ex. 3 . A certain (juantityof fuel lasts a steam-vessel 12 days, steaming day and night; how 
long W’ill it last steaming 14 hours a-day ? Aus. 201) days. 

Ex. 0 . A |»ump, A, empties a cistern in 3 hours; another, B, in 2J hours; in what time 
will they empty it both w'orking together ^ 

( 1 .) In r’‘, A empties | of it, and B empties i-r-2|, or i-J-f, which is ITcnec in 
both together em]»ty ^ f or J. Suppose, for greater con\enienee, the cistern to 
liolil 10 tons ; tin'll in both empty tons, or 1 ton in or i*' x 5=,^ of 

1'', w’hieh is 10 toms in ^ of 1**, or 1,^'*. 

( 2 .) Stating the (piestion direetly, we should say, 

n + 9 (“J) • ''hole, or i :: time requin'd I i'‘. 

But, the greater the fraction representing the hourly work done, the smaller musr 
be the time required for any given quantity of work, 
lienee J I i I! i‘' I time required =IJof 1’'. 

( 3 .) Here i*', in wliieb the fraction I is done, is obviously to be increased in that ratio 
which will turn I into i, or the whole ; and this ratio is f, for IJ x J = i. 

Ex. 7. A can do certain work in S'', and B the same work in 6 '* ; in what time wiU they 
hotli eoinidete it together ? 

( 1 .) In 1’' A does J, and B J, hence both together J + J, or Let the work be repre. 
gented by 10, then in 1'* both do and therefore they do the unit of work in i'' 
or of I'b Hem'c they do the w hole in 10 x 7^ = ^ of 1*^, or 3|'‘. 

( 2 .) Direct form, 8 + /; • * ('vbole) :: time required : = y. 

( 3 . V 1'' is to be increased in the ratio of 24 : 7, 

Ex. 8. Five jiumiis empty a eistern in 13 liours ; how many must be put on to empty it in 
3.^ hours ? 

(1.) 1 pump in 65 hours gives 18 *6 in 34 hours. 

( 2 .) 5 p. : 13*' :: j; I 34''. Ultimately, jr=s X -3 -*-3*5. 

( 3 .) 5 is to be increased in the ratio of 13 I 34. 

Ex. 9. Four pumps empty a cisteru in 10 hours; how long will 7 such pumps take ? 

Ans. 
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Ex. 10 . \ certain quantity of bread lasts no men 21 days ; how lon^ will it last 74 men ? 
(1.) 21 d. fbr no men is i d. for 2310 men, and 23 10 -*-74 gges 31*2 days. 
f 2 .') Direct form, no m. : 21 d. :: 74 m. : x d. 

Closing like terms and inverting, a? = 2i x i Io-^74=- 3 1*2 days. 

( 3 .) It is evident that 21 is to be increased in the ratio of no I 74. 

Ex. 11 . A quantity of bread lasts a ship’s crew 21 days at four-fifths allowance; how long 
will it last at two-thirds allowance ? 

(1.) f lasts 21 d., ^ will last 4x21 or 84 days, and or whole allowance, or i6’8 
days. Hence ^ allowance will last 3 x i6‘8 d., or 50*4 d., and |, one half of this, 
or 25*2 days. 

(2.) ! t 21 :: § required days. 

Closing and inverting, days required =21 x 4 -t.^ = 25‘2 days. 

( 3 .) 21 days are to be increased in the ratio of 4 ; 5, that is 21 x 

Ex. 12 . If it takes 54 yds. at f of a yard wide, to cover a surface ; how many yards will It 
take at of a yard in width ? 

(1.) <;4 yds. at | wide is 3 x 54, or 162 yds. at ] wide, or 40*5 yds. at i yd. wide. 

This is 5 X 40- 5 or 202*5 yds. at ^ wide, and \ of this, or 50*62 yds. at J wide. 

( 2 .) Direct form, 54 yds. ; width H yds. req. I 

Closing like terms and inverling, yds. req. 54 4-=-^ -- 50*62 yds. 

( 3 .) Here 54 is to be diminished in tlie ratio of 2 \ f, or of 15 I 16, 

[ 2 .J Double Rule of Three, hiverse. 

55. As the inversion arises from a product remaining constant 
while both factors vary, questions of this kind may bo solved directly 
by takin<j, in each of the two proportions necessary, tliosc t(*rins only 
which are directly proportional to each other. For exam pie, in a 
question of ag-ents, work, and time, the first proportion would include 
work and time, and the second, agents and work. 


III. Logaiuthms. 

56. These are numbers calculated for the purpose of converting 
multiplication into addition, and division into subtraction. 

1. Use of Logarithms, 

57. Every logarithm consists of two parts, the index and the 
decimal part;* thus, in the logarithm 2-8U(:i 18, the index is 2, and 
the decimal ])art *80618. 

58. To find the Logarithm, of a given number. Find in tlie Table 
of Logarithms of Nunihers the decimal part (for which sec also the 
Explanation of that table) ; and then apply the index by one of the 
two following rules: — 

() .) When the number consists of a whole number, with or with- 
out decimals, the index is 1 less than the number of figures in the 
whole number. 


♦ This part is also called the man (ism. 
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Ex. 1. Find the log. of 5Z2. 

Against 522, in the •Table, stands *717671 ; then, since there are three figures in 522, the 
index is 2 ; lienee the log. is 2*717671. 

Ex. 2 . Find the log. of 5*22. 

The log. of 5*22 is 0*717671, because there is one figure in the whole number, and one 
less than i is o. * 

(2.) When the imnilier consists of decimals only, count the number 
of cij)hers between tlie decimal ])oint and the first significant^' figure 
after it, and subtract this nuinher from 9; the remainder is the 
index. 


Ex. 1 . Find the log. of *005814. 

The (le(;imal part of 5814 is *764475 ; there are two ciphers before the 5, which 2 taken 
from 9 leaves the index 7 : hence the log. is 7*764475. 

Ex. 2 . The log. of *5814 is 9*764475, for the number of ciphers before the *5 is nothing, 
which leaves 9 for the index. 

59. To find the natnnd mimher of a given Logarithm, Look foi 
the decimal j)art of tlie given log. in the body of the table, and take 
oct the mimljcr from the side column and top. 

To place th(3 decimal point. Add I to the given index of the 
log., and mark olf to the left this number of figures ; these will be 
wliolc numbers; the rest, if any, will be decimals. 

If th(! index is 9, ])ut the dot before the first figure; ii‘itis8, 
prefix one cij)ber to the first figure, and place the dot before the 
cipher; if it is 7, ])refix two ciphers, and so on.f 

Ex, 1 . Find the number to the log. 1*717671. 

The number (to 4 places) to *717671 is 5220: adding i to the index i, gives 2, which, 
marked olf to tlie left, gives 52*2, the number required. 

Ex. 2 . Find the number to the log. 8*581381. 

The number to 58 138 1 is 38 14 ; prefixing one cipher gives *038 14, the number required. 

When the number exceeds four figures, see the explanation of 
the table. 

60. In using logarithms, it is proper to observe that the number 
(whether it contain deeinuils or not), and the decimal ))art of the 
logarithm, are in general true to the same numl)(*r of figures, re- 
jecting prefixed ciphers : thus, for instance, the log. 3*7575 corre- 
sponds to tlie number 5721, and the log. 3*7576 to 5722, nearly. So, 
also, 8*7575 to *05721, and 8*7576 to *05722. 

This remark should he kept in view, Ix'causc if i^#merc waste of 
time to enij)loy more figures than arc retjuired to insure a certain 
degree of precision in tin; result. 


* That is, the first figure not a eipher. 

t As the index of the log. is 1 less than the number of tignres in the natural number 
itself, it would follow that the index of *3814 (for example) in wliieh tlu re are no signifii-aut 
figures, would be 1 less than nothing, the meaning of whieh is, that siieh a log. is reckoned on 
the op]K).site direction from a certain point, which need not here he further discussed. The 
index of siudi a log. is called nv(jat\vo ; and as this is embarrassing to beginners, 10 is added 
b) the index 0 , whereby 1 less gives 0 . Hut 9 is the index, pro])erly, of a number consisling 
of 10 figures; however, as we have no sui-h numbers to deal with, the ambiguity of the 
double meaning is not exiierieneed. 
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61. The remark (No. 35) applies also tc logarithms; thus, for 
example, if we propose to use only four ligurts of the log. *881385, 
we write *8814, which is evidently nearer to *881385 than *8813 
would be. Again, if we take four figures of *881343, we write *8813. 

62. To find the arithmetical complement of any number or 
logarithm. 

Take every figure from 9, except the last, which take from 10. 
It is necessary to begin at the left. 

Ex. 1. Find the arith. comp, of 1*87043 j Ex. 2. Find the arith. comp, of 0*91350 
arith. comp. log. required 8*12957 | arith. comp. log. 9*08650 

63. A subtractive quantity is, by this means, made additive 
The process is equivalent to subtracting the number from 10, and 
the reason of it is evident on considering that to add 3, for example, 
and subtract 10, is the same as to subtract 7. In like manner, in- 
stead of subtracting 47*" 32*, for exanqile, wo may add 1*2'" 28" (the 
complement to 60), jirovided we subtract 1 hour (or 60); and thus 
any number of quantities, of wdncli some are additive and some sub- 
tractive, may be rendered all additive, })rovided that tlie hirger 
numbers which are employed in taking the complements be tlieiu- 
selves subtracted. 


2. Certain Arithmetical Operatii)}is hy Lorjarithms. 


[l.] Multiplication ^ 

64. To multiply numbers together, add tlieir logarithms together; 
the sum is the logarithm of the product retpiired. 


Ex. 1, Multiply 530*9 by 27*22. 

530*9 log. 2*725013 

27*22 log. 1*434888 

,\.n8. 1445 1. log. 4*159901 


Ex. 2. IVIulti])ly *079 by 3*142. 

*079 log. 8*897627 

3*142 log. 0*497206 

An.s. 0*2482 log. 9*394833 


[2.] Dichioa . 

65. From the log. of the dividend .subtract the log. of the divisor; 
the remainder is the log. of the quotient rciqnired. 

If the logarithm of the dividend is the lesser of the two, increase 
its index hy 10. 


Ex. 1. Divide 4280 by 365. 

4280 log. 3*631444 

365 log. 2*362293 

Ans. 11*73 log. 1*069151 


Ex. 2. Divide 69*3 by 71*7. 

69*3 log- ( + 10) ^'840733 

71*7 log. 1*855519 

Alls. 0*9665. log. 9*985214 


[3.] Involution . 

66. Involution is ^he proc<;s.s of multijdying a quantity by itself: 
the quantity tiius multi]died is said to be raised to a poicer, 

67. first power the nuinber itself. The second power is 
the nuinber multiplied by itself; this is also called the square. The 
third ))Owei* is the number again multiplied by itself; this is also 
called tlio cuhe. 
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The number or quantity to be raised to a power is called the root ; 
the number which indicates the power to which the quantity is raised 
i3 called tlie index, 

68. To .s(ptare a number. Multiply the log. of the number by 2; 
the product is the log. of the number required. 

When the nunib(?r is a decimal fraction, subtract the index (after 
being doubled) from 10 multiplied by 2 (or 20), diminish the re- 
mainder by 1, and pi'efix the number of cipliers indicated by this 
remainder to the number corresponding to the logarithm. 


Ex. 1 . Square 

12*39 

Ans. 153*5. 


log. 1*093071 
2 

log. 2*186142 


Ex. 2 . Square *0592. 

*0592 log. 8*77232 

2 

Ans. *003505 log. 17*54464 

17 from 20 leaves 3 ; deducting i gives 2 •, 
2 ciphers are, therefore, prefixed to 3505. 


69. To c}d)c a number. Proceed by the above rule, only reading 
for 2, and ilO for 20. In like manner, to raise a number to the 
fourth power ^ read 4 for 2, and 40 for 20, and so on. 


[4.] Evolution. 

70. Evolution is the reverse of involution, and is the process of 
finding tlint number wbitdi, multiplied by itself a certain number of 
times, will ])r()duce the given nund^er. 

This nuud.)(‘r is called the root of the given number. 

71. To extract the srpiure root of a mnnb('r. Divide the log. of 
the given niiinhi*r ])y 2, the quotient is the log. of the square root 
required, 

AVhen the given number is a decimal fraction (that is, when the 
index of its logarithm is 9, 8, 7, &:c.), increase the index by 10. 


Ex. 1. Eiiul tlie s(pmrc root of 1*535. 
1*535 log. o*i86ioS 

2)0*186 li. 8 

1*239 Sq. root roq. 0*093054 


I Ex. 2 . Find the square root of *003505. 
I 'C03505 log. 7‘54469 

i 

I a ) 17* 54469 

j 0*0592 Sq. root rpq. 8*77234 


72. To extinct the cube root. Proceed by the above rule, only 
reading 0 for 2, and 20 for 10. To extract the fourth root^ read d 
for 2, and J30 for 10, and so on for otluu’ roots. 


IV. Phactical CTiiOMuriiY. 

] . nit ions, 

70. Geometry is the name of that science which relates to the 
Pleasures of spa te. 

A PROULEM is something required to be done. 

THE RAMAKRISHNA MISSION | 

INSTUulw OF wULTUnE 1 
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Parallel lines are lines so placed that the shortest distance 
between them is every where the same, as A B, C J3. Such lines 
evidently never meet. 


A H 

Q 

74. A CIRCLE is a figure bounded by a curve line called the cir- 
cumference,'^' of which every point is at the same distance from a 
point within, called the centre. Thus, A B D is a circle, and C the 
centre. 


B 



75. The circumference is divided into 360 equal parts, called 
degrees^ written thus, 360°; eacli degree, into sixty equal j)arts, called 
minutes (GO') ; each minute into sixty seconds (60") ; and also each 
second, into sixty thirds (60"'). Example, li° 19' 46", eleven de- 
grees, nineteen minutes, forty-six seconds. 

76. The circumference is also divided into 32 equal portions of 
11° 15' each, called points of the conipdss. These are again subdi- 
vided into half points and qtiarter-points. The term point is used 
inditfereiitly for the arc of 11° 15', and for a mere point of division 
of the circumference. 

77. A straight line, A B, drawn through the centre, divides the 
figure into two equal parts, called semicircles, as A 1) B, A E B. 
The half-circumference measures 180°. 



78. The line A B is called the diameter : it is evidently equal to 
twice the distance vfrorn the centre, C A, which is called the radius. 


^ common language, circle an<l circumference ore often used indifferently the one for 
the other j but circle is properly the surface or area of the figure included within the circura- 
ferent<;. 
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79. If another diameter, D E, cross this, and divide each semi- 
circle into two equal parts, the four equal parts, A D, 13 D, B E, 
E A, are called quadrants^ and each of such portions of the circum^ 
fcreuce measures 90°. 

80. Any portion of the circumference is called an ^^rc, and the 
line joining its extremes is called a chord: thus the line B F is the 
chord of the arc B F. 

81. An ANGLK is tlie inclination of two straight lines to each 
other; that is, the diifercnce of tlie directions in wliiclithey lie: thus 
A B C, or B, is the angle contained by the two lines 13 A, B C, 
which are called the leqs. 



A 


An angle is not changed by increasing or diminishing the length 
of the legs, because the length of these lines has nothing to do with 
the directions in whicli they lie. 

82. Since in describing a circle the radius moves round the centre 
C, exactly as the point of the compasses advances on the circumfe- 
rence, the angle A C B is measured by the number of des^recs in the 
Hic A B. ^ 



83. The arc A B is said to subtend the angle A C B. 

84. An angle of 90^, tis ACD (tig. in No. 77), which is sub- 
tended by a quadrant, as A D, is called a right angle. A circle con- 
tains four right angles, a semicircle two. 

85. The angles ACD, BCD, being each 90^, are equal ; and 
0 D, which makes these adjacent angles equal, is said to bcpcrpcv*.- 
dicular to A B. 


D 



8G. The difference between an angle and 90° is called its comple- 
meat ; tlie diderence to 180° is called its supplement . 



24 


INTRODUCTIOIS. 


An angle less tlian 90® is called acute^ as A. 

An angle greater than 90® is called obtuse, as B. 



A B 


87. A PLANE TRIANGLE is a figure contained by three straight 
lines. 

When the three sides are equal, the triangle is called equilateral i 
when two of them are equal, it is called isosceles, 

88. When one of the angles is 90®, the triangle is sai 1 to he rujht 
anyled; when each angle is less than 90®, it is said to be acu.te-aiijle(l\ 
when one is greater than 90®, it is said to be obtuse-acfjlcd. 

Triangles that are not right-angled are called in ge neral oblique- 
angled. 

89. In a right-angled triangle, as ABC, the side A C, opposite 
the right angle is called the hy pot hen use ; one of the other sides, as 
BC, is called the base; and the third side, A B, ihe perpendicular. 
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90. A SPHERE, or GLOHE, is a solid figure bounded by a curve 
fiurface, of whicli every point is at an equal distance from the centre. 

‘2. G eometrical Problems. 

91. The instruments necessary in constructing the figures in 
these problems are, a pair of compasses and a straight edge of any 
kind, as of a ruler, or, when such cannot be had, the back of the fold 
made by doubling a ])iece of thick pa])er. Also the ])arallcl rulers 
are convenient. These may be of the common form, which needs 
no description here, or those called Manpioi’s Jlulers.^ 

92. The accuracy of a straight edge is tested thus. Draw a line 
with a fine pointed pencil, or steid ])on, along the edge, between two 
points near the extremities. Then turn the ruler over and draw 
another between the same two points: if tin* edge is perfect, the two 
lines will appear as one; if not, there will be a space between them. 


* These Inst consisst ri^^ht-angled triangle, having one of its angles about 20^^, and a 
Hat ruler soiruiwhat longer than the liypoUiemise of the triangle, both of the same Ihickiiess. 
By sliding the triangle along the edge cif the ruler, which is kejit fixed, two sides of it move 
parallel to themselves. This paralUd motion is perfect, which is not always tiie case wdtu the 
oomnion parallel rulers, esiiee.ially after long use ; and besides tins, the triangle being Tight- 
ftDgled, dispenses wdth the trouble of drawing perpendiculars by points. 
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93. Problem. To draw a line through a given point parallel to 
another line. 

(3 is the given point, A 13 is the line. 

Take the shortest distance from C t) A J3 in the compasses; set 
one foot on A 13 as at B, and describe a small arc; then the line 
drawn through C, so as to touch this arc, is the line required. 


X 

A ~~~ » 

94. Problem. To draw a line parallel to another line at a given 
distance from it. 

A 13 is the line, C D tlie given distance. 

4'ake C D in the com|)ass(‘s, place one foot near each end of A 13, 
and describe two arcs ; the line drawn touching these arcs is the line 
required. 





95. Problem At a given point in aline to make an angle equal 
to a giv(*n angle. 

P is the point in the lim; PQ; A is the giv(*n angle. From the 
centre A, with any convenient nidius (the longer the more accurate), 
describe an arc, (J B; I'rom the centre l\Mirh the .^aim^ radius, A B, 
describe an arc, 13 ; take the distance from C to 13 in the com- 

])asses, and put one foot on 1) and the other on the arc at F, and 
join PF: then the angle F P 1) is equal to 13 A C, their measures, 
F 13 and B C, being the same. 
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96. Problem. From a point M, in a straight line A to draw 
a j)erj)endicular to it (fig. p. *2()). 

(1.) 13raw' a straight line any M'here, and set off by the compasses 
5 equal parts ujion it. With 3 of these ]7arls in the compasses, as 
radius, describe from M, as a centre, an arc at I ; then layoff 4 parts 
from M to A ; m ith 5 parts, as radius, descri])e from the centre A an 
arc cutting the former arc at I ; join 1 M : this is the ]>etpendicular 
required. 
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Tlie followini:^ methods are also used : 

(2.) When the point M is at or near the end of the line. 

Take a jioint P, such tliat a line snppost'd to join P and M may 
make the angle P ]\T A ahont ; and from P as a centre, with the 
radius P INI, (h'scrihe a small arc I, and another opjiosite, as K ; 
draw the line I P K, and join the jioint where it crosses the arc K 
uith M. KM is the perpendicular required. 



(3 ) When the point M is not near the end of the line. 

1'ake two ])oints V, B, at equal distances, ii om M, and at P and B 
as centres with a radius exceeding P M, describe two arcs, cutting 
each other at 1 ; join I M. This line is the perpendicular required 



97. Problem. From a given point without the line, as C, to 
draw a perpendicular to it. 

(1.) When the point is nearly opposite the middle of the line. 

Take in the compasses a distance exceeding the distance from C 
to the line ; and from C, as a centre, describe an arc, D E ; then, from 
D and E ns centres, with a convcnicmt radius, describe two arcs 
cutting each other at I Cl is the perpendicular recjuired. 
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(2.) WluMi llu? j;>ivcn is towards the end oftlie line. 

Take a point P as centre, and with P C as radius describe an arc 
CD. Take anotlier point Q as centre, and with QC as radius 
describe another arc cutting C D in I. C I is the perpendicular 
required. 



98. PnouLEM. To bisect a line A B, or to divide it into two 
equal ])arts. 

Take in tlic compasses a distance exceeding half the line, and 
from A and as centres, describe two arcs. Tlie line I K, joiniiiii 
the points of their intersection, divides the line AB into two equal 
parts, A M, M B. 



99. Problem. To divide a line, A B, into any proposed number 
of equal parts, as fivu*, for exainj)le. 

.Draw a line A C, making about half a right angle with A B. 
Draw another line, B 1.^, parallel to A C. On A C and B D lay off 
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five equal parts; join the points J ami 4, 2 and 3, &c. ; these liiiei; 
will divide A B into 5 equal /)arts. 



In lik(? niannor, the lim? ini^lit be divided into any other nninbei 
df* 0 ([nal parts. 

100. Problem. To bisect an arc A B, or an anj^Ie A C B. 

A 


a 

From tlie ])oints A and B, as centres, with a radius exceeding 
half the distance A B, describe two arcs cutting eacli other in I, and 
draw the line Cl; Cl bisects the arc A ]^, and the angle A C B. If 
tlie angle alone is given, and not the arc subtending it, describe this 
arc from C as a centre, \vill» any convenient radius. 

101. Problkm. To divide a circle into 2, 4, 8, &c. ec^ual parts. 

Draw the diameter A B ; this divid(?s the circle into two equal 
parts. P>oin A and J3, as centres, with a radius exceeding half A B, 
desci ibe the arcs I and K, cutting each other above and below A B ; 
join I K : the line E D is a diameter crossing A B at right angles, and 
dividing the circle into the four quadrants, A E, E li, B D, and D A. 
Bisect the arc A D (No. 100); draw the diameter througli C: this 
will bisect B E also. Bisect, in like manner, B D and A E. The 
circle is now divided into 8 eqmd )>arts, of 4 poii.'ts each ; bisecting 
these last arcs divides the circle into 16 equal parts, of 22® ‘ each; 
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and again bisecting these divides it into tne 32 points of the compass, 
of 1 Pi each. 



An arc is divided into a number of parts not divisible by 2, as into 
3, 5, 7, (fee. parts, by trial. 

102. PiiouLKxM. To find the centre of a circle, or circular arc. 
Take two points, as A B, on the circunifcrence, and join them ; 
bisect the line A B (No. 98), and at the middle point draw a per- 
jiendicular (No. 9G, 3d). Take a third ])oint, 1), join it with B; 
bisect the line B 1), and draw a [perpendicular at the middle point. 
The two perpendiculars will cross at tlie centre. 


D 



103. Problem. To draw a circle through three given points. 

Suj)|)ose tlie three points to lie in a circle, and proceed to find 
the centni as above. 

It is easy to see that however three [points may he placed, some 
one circle will always pass through tlumi ; for an infinite number of 
circles iiuiy be drawn jiassing through two [points, and therefore some 
one of these must likewise pass through a third point wherever 
situated. 


3. Use and Conslr action of the Scales, 

104. Tliese are fiat, thin pieces of brass, ivory, or wood, divided 
into certain portions by lines, and serve for measuring or laying off 
lines or distances, and angles. 
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riic cuiiimon scale of equal parts has generally on one side four 
or five ditferent scales for different measures, on each side of vvhi(di 
one division is subdivided into 10 e(pial parts. 

105. In the diagonal scale, the shorter lines dividing the length 
into equal portions (units) arc crossed ])erpendicularly by 10 others 
extending the length of the scale. The end division, or unit, has its 
upper and lower edge subdivided into 10 equal parts, and diagonal 
lines are drawn from the beginning of one division to the end of the 
opposite one. This cfiects a further subdivision by 10, as an example 
will shew. To take the No. 5*28 from this scale by the com])asses. 
Set one foot at 5, and the other at the second line on the lower 
edge of the subdivided unit, — this gives 5*2. Now follow up the 
diagonal line at the *2 to the eighth of tlie long parallel lines, and, 
fixing the ])oint there, extend the other point to meet the line which 
rises at 5, crossing the breadth ; and the number is taken. 

The same process serves for tens and units, as for units and tenths, 
and so on ; thus the No. 52*8, or 528, is taken as above. 

I5y ])lacing tln^ ])oints of the com])asses instead of e//, the 

10 long j)arallel lines, we may o’otain a still further subdivision. 


Diagonal Scale. 



1(X). Angles are measured, or laid off, eitlier by means of the 
lines marking the divisions of degrees, or half (l('gr(‘es, at tin.* (;dge 
of tlie scale, and which arc numbered at (;ach 10° or 5°, or by means 

of the ^,7 0 4- 

^ ' Scale of Chords. 


(1.) To measure an angle by the marked divisions. Place the 
middle point of the scale (which is strongly marked) upon the 
angular point, and lay the edge along one of the legs ; the other leg, 
produced, if necessary, shews, on the graduated edge, the degrees 
which the angle contains. 

(2.) To in(*asure an angle by the scale of chords. Take in the 
compasses the chord of G0° off the scale, and describe an arc : take 
the distance from A to 13 in the compasses, and, placing one foot at 
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the beginning of the scale of chords, look how many degrees the 
other foot extends to. Thus, for example, if A B extends to 27®, the 
arc A B, or angle, C, contains 27®. 

107. To lay off an angle from a given line, as, for example, 27®. 
Describe an arc A B (fig. al)Ove), with tlie chord of 60®, from C, as 
centre, and set off the chord of 27® from A on AB; join C B, and 
A C B is the angle recpiired. 

When tlu^ angle to be measured or laid off exceeds 90°, measure 
or lay off 90°, and tlien the excess above 90°. 

108. The semicircle vvitli a graduated edge is useful for this 
purpose ; but tlie most convenient instrument, especially for using 
with the chart, is a transparent horn semicircle, with a long silk 
thread attached to its centre. 

109. To construct a- scale of chords to any proposed radius. The 
radius is etjual to the chord of 60°; describe, therefore, a quadrant, 
divide it into portions of 30®, 20®, 10°, and so on ; draw the several 
chords, and transfer them to the proposed scale. 

4. 77te Sector. 

1 10. The Sector is a ruler, or scale, which folds into half its 
length by moving round a large circular joint on which it is accu- 
rately cenfered. Several lines, or scales, an* laid off from the centre 
to the extremity on both legs of the sector, as tangents, sines, <^c., 
and others parallel to the edges. We shall refer here only to that 
one whicli is called tiio thic of tines (marked C L in the figure), on 
account of the great convenience of the sector in reducing a plan, or 
a figure, to another on a different scale, dividing lines propor- 
tionally,* and in solving some simple questions which depend on 
proportion alone. 



The line of lines is divided into 10 e(pial parts, and these again 
are similarly subdivided. The distance from the centre to any ])oint 
in the line of lines is called the lateral distance ; and that between 
any ])oint in the line of lines on one leg, and the corresponding point 
on the otluu*, the transverse distance. 

The following examples will sutticiently illustrate the use of the 
Sector. 


* Another instrument, equally convfuumt and portable, but more expensive, is the pro. 
7*(rtinnal compaases, the manner of using whieh may be explained by the maker. 
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Ex. 1 . To divide a line into a number of equal parts, as for ex. 7. 

Take the given line in the compasses ; place one point on the division 7 on one leg of 
the sector, and open it till the other falls on the other 7. Then the transverse dis- 
tance 1 to I is I -7th, 2 to 2 is 2-7ths, and so on ; or the line 7, 7 is equally divided 
into the parts i, i ; 2, 2 ; &c. 

Ex. 2. To reduce a plan on the scale of 3 indies to a mile, to another scalo of 2 inches to a 
mile. 

Take the lateral distances on the scale of the 3-inch plan. Take 2 in the compasses ; 
place one point at the division 3, and open the sector till the other point falls on 
the other 3. Then the transicisc distances will be the distances on the proposed 
plan. 

Ex. 3 . A. line of a given figure measures 85 ; find the measure of another line in the same 
figure. 

Take the givi'ii line 8*5 in the compasses, and ojicn the sector till their points measure 
the transveri^e distance 8*5, 8*3. Then any other line of the figure taken in the 
compasses is measured by finding the corresponding ])oints in the two legs which 
exactly contain it, and multiplying the number shewn by 10, 


V. Raising the Trigonometrical Canon. 

111. This ttH'm iiiiplios forming the jiroportions or analogies pro- 
per for the sointion of probhmis concerning right-angled triangles. 

Before, however, the student proceeds to the actual composition 
of these analogies, he shotdd he acquainted with the few projiositions 
of geometry whicli are given in the following section. 

112. Definition. An Axiom is a proposition assumed to be so 
obvious as to require no cleiiionstration. 

The principal axioms which have been employed as the foumla- 
tion of geometrical reasoning are the following: — 

(1.) Geometrical magnitudes are said to be equal wben one 
being placed on another coincides with, or exactly covers, it. 

(2.) T\vo magnitudes which are each equal to a third, are equal 
to each other. 

(3.) If equals be added to equals, the wlioles will bo equal. 

That is, if two magnitudes he equal, and a third be added to c'^ch, the two sums will he 
equal. 

(4.) If equals be taken from equals, the remainders will be equal. 

(5.) If the same or equal quantities be added to nncqiials, tiie 
sums will be unequal. 

(b‘.) If equals be taken from unequals, the remainders will be 
unequal. 

(7.) The halves of equal things are equal. 

(8.) The doubles of equal tliiugs are equal. 

1 13. 13 EF. A Gkometrtcal Theorem is a proposition in whicli 
some projierty of a. figure is demonstrated. 

The term Proposition includes both Problems and Theorems. 

11 1. Dkp. a Corollary is an obvious conclusion or necessary 
inference, from a proposition. 
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1. Theorems of Geometry, 

115. A straight line, as A C, stiinding on another, as D E, makes 

the adjacent angles, ACE and A C J), together equal to two right 
angles. v 

For, draw C N at right angh's to 
D E ; then D C N and N C E are 
two right angles ; that is, D C N, 
with N C A and A C E, are two rig lit 
angles ; and since D C N and N C A 
make up D C A, therefore, D C A 
and ACE are two right angles. 

1 16. If two straight lines, as A B, C 1), intersect or cross each 
other, the opposite and vertical angles, as C E A, BED, are equal 

Since C E stands on A B, the 
angles C E A and CEB are equal 
to two right angles (No. 115). Again, 
since BE stands on CD, the angles 

CEB and BED are equal to two^ 7 ^ 

right angles. Hence C E A and \ 

CEB are equal to B E D and 
CEB. Take away the angle C E B, 
common to both these sums, and the 
remaining angles C E A, B E D are equal. (No. 112, 4). 

117. If tw^o triangles, as ABC, DE F, have two sides of the one» 
as A B, A C, equal to two sides of the other, as D E, D F, and have 
likewise the angles A, D, contained by those sides, equal, the two 
triangles are equal in all respects. 

For if the point A he laid on 
D, and the line A B on D E, the 
point B will coincide with E be- 
cause A B is equal to D E. 

Also, since the angles A, D, 
are equal, the line A C will coin- 
cide with D F, and the point C 
of A C will coincide wdth the 
point F of D F, because A C is equal to D F. 

Then since B coincides with E, and C with F, the base B C 
coincides with the base E F, and is therefore equal to it. 

Since therefore the three sides of the triangles are equal, the 
triangles arc equal, and either laid on the other (two equal siilcs 
being laid on two c(pial sides) will exactly cover it. Hence the twok 
remaining angles must be equal, or B is equal to E, and C to F ; 
or, the triangles are equal in all respects. 

The above proves the method No. 100. For suppose A and I, B and I to be joined b? 
lines, then the two trianj^les C A I, C B I, have the sides C A, A 1 equal to C B, B I, and the 
third side eommoiv Hence they ure equal, and the angles A C 1, I C B being equal, each is 
half of A C B. 
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118. If two triangles ABC, DEF (fig. No. 117) have ihe 
angles B, C, in one, equal to two angles E, F, in the other respectively, 
anti also the sides B C, E F, adjacent to the equal angles, equal to 
each other, the two triangles arc equal. 

Supjiose the jioiiit B to be laid on E, and the side B C on E F, 
the points C and F will coincide because 13 C is equal to E F. 

Again, since the angles B and E are equal, the side B A will fall 
on E D ; and because tlie angles C and F are equal, the side C A will 
fall oil F D. Hence, as the point A belongs to both the sides B A 
and C A, and I) to E 1) and F 13, the point A will coincide with D, and 
the angles A and D are equal. Hence the two triangles are equal. 

119. In an isosceles triangle, as ABC, tlie angles B, C, opposite 
the equal sides A B, A C, arc e([nal. 

Sujipose the angle BAG bisected by tbe 
line A H. Then since A B and A C are eipial, 
and tlie side A D coininon to the two triangles 
AHB, A I) C, and the angle B A D equal to 
CAD, each being half of B A C, tliese two 
triangles are equal in all respects (No. 117), 
and therefore the angles B and C are equal. 

Cor. 1. Since the base B J) is equal to 
the base C D, a line bisecting tlie angle contaiiU‘d by tlie two equal 
sides of an isosceles triangle likewise bisects the tliini side. 

Cor. 2. Also, since the adjacent angles A 1) li, A D C are equal, 
they are right angles, or the said line is jierpcndicular to the third 
side. 

CoR. 3. If tlie third side is equal to A B or B C, the angle A is 
equal to B or C ; or an equilateral triangle is equiangular. 

This proves the method No. 97 (1) ; for supposirij^ C D, 1) I, and C E, E I joined, tlie 
two C D, D I arc eqiialto C E, E I, and C I is <;oiiitnon; heiu^i^ the rriani:rles are equal. And 
tlie anodes D C I, E C I are equal, and each is half DOE; hence C I bisects DOE and is 
perpendicular to A B. 

The like proof ajiplies to No. 97 (2) ; for suppose P 1, Q I to be joined ; then C P, C Q 
are equal to P I, Q 1, and P Q is j*oinnion ; hence C P Q is equal to I P Q, aad P B wlri«;h 
tliu*. Ijisccts C PI, is perjiendicular to C U. 

The sann; kind of jiroof applies to Nos. 96 (3) and 98. 

120. Every triangle whicli has two angles, A, B, equal, is isos- 
celes ; or ihe sides C A, CB are also equal. 

If C A is not e([uai to C B, I(‘t it ho greater, and 
take a part of A C, as A I), equal to C B. 

Then since D A, C B are ecpial, add to each of 
them A B, and the two DA, A H, are (jqiial to the 
two C 15, A B (No. 112, 3). Also, since D A is 
equal to CB, the angles D.\B, C B A are equal 
(No. 119). Hence the triangle AD B, having the 
two sides DA, A^J, and the included angle DAB 
equal to the sides C 15, A B, and the angle C B A, is ecpial to the 
triangle C BA (No. 1 17), or the les.s to the greater, which is absurd. 
Hence A C, C B are not unequal, that is, they are equal. 

Cor. If the third angle C is equal to A or B, the side A B must 
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in like manner be equal to C B, or to C A ; that is, every equiangular 
triangle is equilateral. 

(21. If a side of a triangle ABC, as A B, be produced, the 
exterior angle CBD is greater than either of the interior and 
opposite angles A and C. 

Bisect C B in E, join A E and pro- ,, ^ 

diice the line till E F is equal to A E ; / 

and join FB. / X ' / 

Then since A E is equal to E F, and / \ ' 

B E to E C, and also the angle AEG / 

to the angle B E F, the two triangles / / 

A EC, BEF have two sides and the u 

included angle equal in each. Hence 
these two triangles are equal (No. 1 17), 

and therefore the angle C (opposite the side A E) is equal to the 
angle E B F (opposite the equal side E F). Hence CBD which 
contains C B F is greater than C. 

In like manner, by producing C B to a point G, and bisecting 
A B, it would be proved that the angle A B G, or its equal CBD, 
is greater than A. 


122. Any two angles of a triangle are together less than two 
right angles. 

Produce the .side BC of the triangle 
A B C, to D. Then the exterior angle A C D 
of the triangle is greater than the interior 
and opposite angle ABC (No. 121). Add 
to each angle ACB, then A C D and ACB, 
are greater than ACB and ABC (No. 112, 

5) ; and since A C D, ACB are equal to 
two right angles, ACB, and A B C are 
less than two right angles. The same may be proved of the other 
angles by producing the other sides. 



123. If a straight line AB meeting two other lines CD, EF, makes 
the alternate angles CG H, G 11 F equal, the two lines are parallel. 




For if they are not, tliey will meet on one side of A B; let them 
meet at I, then G H I is a triangle, and the exterior angle C G H is 
greater than the interior and opposite angle G H F (No. 121). But 
these angles are equal by t!ie supposition, therefore the lines do not 
meet towards I. 

In like manner it may be shewn that they do not meet on the 
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other side of A B, and hence that they do not meet at aU ; that is, 
they are parallel. 

It appears by fig. 2, that the lines meet on that side on which the 
two interior angles are less than two right angles. For IGH, lilG 
ire together less than two idght angles (No. 122). 

124. If a straight line AB (fig. 1, No. 123) falling on two lines 
C I), F F, make the exterior angle A G D equal to the interior and 
opposite angle GH F (on the same side of AB), the two lines are 
parallel. Also, if the two interior angles D G H, G H F, are equal 
to two right angles, the lines are })aralleL 

The angle A G D is by supposition equal to G H F, and A G D 
IS e([ual to CGH (by No. ll(>); hence CGH and GHF are equal, 
and they are alternate angles, and C D, K F are parallel. 

Again, sinc(i D G II, G H F" arc equal to two right angles by the 
su])])osition, and since C G II, D G H are equal to two right angles 
by No. 115, CGH, D G II, are equal to DO H, G II F ; take 
away the common angle DGli, and the remaining angle CG 11 is 
equal to G H F, and they are alternate angles, therefore CD, E F 
are parallel. 

125. If a straight line AB (fig. 1, No, 123) fall on two parallel 
lines CD, E F, it makes 

(1.) The alternate angles C G H, G II F, equal ; 

(2.) The exterior angle A G D equal to the interior and opposite 
angle GHF; 

(3.) Tlie two interior angles DGII, G II F, equal to two right 
angles. 

(1.) If CG 11 he not equal to G II F, let it be greater; add to 
each the angle D G H ; then the angles C G H, 1) G H are greater 
than the angles D G 11, G 11 F, and C G H, D G II are equal to two 
right angles (No. 115) ; therefore DGH, G H F are less than two 
right angles. But, by fig. 2, No. 123, tliis is the case in wliich the 
two lines meet at I, whereas they are liere ])arallel by the supposi- 
tion ; therefore C G II is not greater than G H F. In like manner 
it might he shewn that it is not less; it is therefore equal to G H F. 

(2.) Since AGD is e<[ual to C G 11 (No. 116), and CGH to 
G H F, therefore A G 13 is equal to G H F. 

(3.) Hence, adding DGH to A G D, (4 H F, the two A G D, 
D G II are e(pial to tiie two 1) G H, G 11 But A G D, D G F are 
equal to two right angles ; therefore DGH, GHF are equal to two 
right angles. 

126. Prop. The exterior angle, as A C D, of a triangle (formed 

by producing one of the sides of the triangle), is equal to the sum of 
the two interior and ojiposite a 

angles, ABC and A C. 

Produce the side BC to D, 
and draw CE parallel to BA. 

Then the angle E C D is equal » 
to A B C, since B D meets the 
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parallels B A and C E (No. 125). Again, the alternate angles BA C, 
ACE, formed by AC, which crosses the same parallels, are equal 
(No. 125), Hence ACE and ECD arc together equal to BAC and 
ABC; that is, A C D, which is made up of ACE and E C 1), is 
equal to B A C and A 15 C. 

127. Prop. The three interior angles of a triangle arc togetlic\ 
equal to two riglit angles (fig. No. 12(j). 

By the above pro})osition, A C D is equal to the sum of A B C 
and BAC. Add to each A C B ; then A C D and A C B are equal 
to the three angles ABC, BAC, and A C B, (No. 112). But 
A C D and A C B are equal to two right angles, therefore the angles 
ABC, BAC, and A C B, are equal to two right angles. 

(\iR. 1. In a triangle which has one right angle, the other two 
angles make up a right angle; each of them, therefore, must be less 
than a right angle, and each is the complement of the other to 9{P. 

Cor. 2. If two triangles have two angles in the one equal, re- 
spectively, to two angles in the other, they will also have the third 
or remaining angles equal. 

128. Prop. The great(‘r side of any triangle, as AC, is opposite 
to the greater angle A B C. 

C A being greater than A B, make AD \ 

equal to A B, and join D B; then since 
A D is ccpial to A B, the triangle A B D 
is isosceles, and the angles A 13 B and 
ABD are equal (No. 119). But A B 13 
which is contained within A BC is less than 
A B C. Hence A D B is h ss than A B C. 

Now A 13 B is C(jual to tlie sum of A C B 
and C BD (No. 125); hence A 13 B is greater tlian A C B, that is 
AB D is greater than A(JB, therefore ABC is greater than ACB. 

In like manner, by taking CD equal to (^3, it would be ])r()ved 
that the angle B is greater than the angle A ; and, by taking D on 
B C, and 13 D ecpial to B A, that the angle A is greater than the 
angle C. 



129. Prop, The line drawn perpendicularly from a given point C, 
to a right line A*B, as C 13, is the shortest that can be drawn from 
ConAB. 

Take any point E in A B, and join C E, i 

Then since in the triangh^ C E D, CDE is 
a right angle, the angle C E D is less than 
a right angle (No. 127, Cor. 1), and there- 
fore (No. 128) C E is greater than C D. 

The same proof applies to any point ^ 

whatever taken in A B. a k d s 

Cor. As the angle C E D is acute, 
wherever E may be taken, there is but one line which can be drawn 
perpendicular to A B from (k 
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130. Def. a Parallelogram is a four-sided figure of which the 
opposite sides are j>arallel. 


131. The opposite sides of a parallelogram, as A B, C D, are equal ; 
also the opposite angles are equal ; and the diameter, or diagonal, 
C B divides it into two equal parts. 

Since AB and CD are parallel, and CB ^ 
meets them, tlie alternate angles ABC and 
BCD are equal (No. 125). Also, since A C, 

B D, are parallel, and B C meets them, the 
alternate angles A C B, C B D are equal. 

Hence the two triangles ABC, BCD having 
two angles equal in eardi, and the side B C adjacent to them com- 
mon, are equal (No. 1 18). Hence A B is equal to C J), and A C to 
B D ; also the third angle A to the third angle opposite, D. 

Since the two triangles are equal, and make iq) the whole figure, 
each is half the parallelogram, or C B bisects A D. 



132. The straight lines CA, BD (fig. No. 131) which join the 
extremities of two equal and parallel lines A B, C D are themselves 
both equal and parallel. 

The triangles ACB, CBD, having the two sides AB, CD equal, 
and the side BC common, and also the included angles ABC, BCD 
equal, are equal ; hence AC and B D are equal. 

Again, since the other angles are equal, ACB and CBD are 
equal, and hence A C, B D are parallel. 

This proves tlic method No. 93 ; for the C(|ual distances laid off from C and 13 j)crpcndicular 
to A B, form two sides of a parallelogram, of which the other sides also are parallel. 

And the like reasoning applies to No. 91. 



133. Parallelograms, as ABC D, ABEF, on the same base A B 
and between the same parallels A B, C F, are equal to each otlier. 

Since CD and EF arc each equal 
to A B, they are equal to each other. 

Add to each D E, then C D, D E, 
are equal to E F, D Vj (No. 112, 3), 
or C is etpial to D F. Also A C 
IS equal to B 1), and AE to B F, 
nence AC, CE are equal to B D, 

DF, and the angles ACE, BDF, 
are equal, because AC is parallel to B D (No. 12.5). Hence the tri- 
angle ACE is erpial to the t,rianj»l(; B D F (No. 1 17). 

Take away the triangle ACE from the whole figure A B C F, 
and the remainder is A E F B ; again, take away the triangle B D F 
from the same figure, and the remainder is A B C D ; therefore since 
these triangles are equal the remainders are equal (No. 112, 4), or the 
parallelograms A B C D, ABEF arc ecjiial. 

Cor. ParallelograiVis on equal bases, and between the same 
parallels, are eq?ial. For since the bases are equal, either of them 
placed on the other will coincide w'ith it, and the above proof 
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134. A P«arallologram A B C D is double of a triangle A B Yj on 
Uie same base, A B, and oetween the same parallels, A B, C B. 

Draw A Y parallel to B E, then 
A B F E is a parallelogram, and it is 
equal to ABCD (No. 133). tleiine the 
triangle ABE, whieh is half of ABEF, 
is equal to half ABCD, or the paral- 
hdograui is double of the triangle. 

Cor. Triangles on the same or equal 
bases, and between the same parallels 
are equal. For ])arallelograms under 
these two conditions are, by No, 133, and Cor., equal, and the 
triangles being the halves of equal parallelogi*anis, are equal. 

135. Def. a Square is a four-sided figure of which all the sides 
are equal, and all the angles right angles. 

136. Prob. To describe a scpiare, A Y\ on a given line, A B. 

Draw A C perpendicular to A B, take A D ^ 

equal to AB, and through D draw DE parallel I 
to A B ; and through B draw B E parallel to u* 

AD (or take DE equal to AB, and join BE). 

Then A D E B is a parallelogram, of which the 
opposite sides, being equal, are each equal to 
A B. Also since D E is parallel to A B, and 
AD meets them, the angles EDA, DAB, are 
(*([unl to two right angles, and since A is a right 
angle, D is a right angle, and the opposite angles to these being 
equal to them are also right angles. 

137. In any right-angled triangle, as ABC, the square BE, 
on the hypothenuse B C, is equal to the sum of the squares C* B 
anti C I on the other two sides. 

Draw A K L perpendicular to B C, 
or parallel to B D, which is perj)endicular 
to B C, and join F C and A D. 

Then, since B D is equal to B C, and 
F B to B A (No. 135), the two sides F B, 

B C are equal to the two A B, B D 
(No. 112, 3). Also, the angles ABD 
and F BC are equal, since each contains 
a right angle and the common angle 
ABC. Hence the triangles ABD and 
FBC are equal (No. 117). 

Now the triangle ABD is half the 
parallelogram B L, because they are on 
the same base BD, and between the same parallels BD, A 
(No. 134). Likewise the triangle FBC is half the square BC, 
since G C and F B are ])arallel. Hence the parallelogram B L and 
the square B G are equal. 

Jn like manner, ])y joining llu' points B, H, and A, E, it would 
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be proved that the parallelogram C L and the square C I are 
equal. 

Hence the sum of the squares B G, C I, is equal to the sum of 
the parallelograms B L, C L, that is, to the square B E. 

Hence in a right-angled triangle if we have two sides we can 
always find the third : thus, suppose the hyp. is 100, and the base 
64, the squares of these are 10000, and 4096; the difi*. of tliese 
squares, or 5904, is therefore the square of the unknown side, wliich 
is 76*8. 

The theorem above proves that the triangle of the dimensions in No* 90 (1) is right-angled. 
For 3, and 4, squared, are 9 and 16, and the sum of these, or 25, is the stjuarc of 5, the 
third side. 

138. The perpendicular on the extremity of the radius of a circle^ 
as AT, is a tangent to the circle. 

Take any point D in A T, and join 
C D ; then since CAD is a right angle, 

CD A is less than a right angle (No. 127), 
and therefore C D is greater than C A 
(No. 128) or falls beyond the circum- 
ference, that is, A T touches the circle at 
A only. 

Cor. As only one line can be perpen- 
dicular to AT (No. 129), the centre of the circle must be in the line 
perj>eiidicular to the tangent. 

139. The angle at the centre of a circle, as A C B, is double the 
angle at the circumference, as A D B, both angles standing on the 
same arc A B. 


A r, .j. 





Join D on the circumference and C the centre, and produce the 
line DC to E; then the exterior angle ACE of the triangle A CD 
is equal to the sum of the two interior and opposite angles C A D, 
and C D A (No. 126). But CAD is equal to C D A, because C A 
and CD being equal, A C D is an isosceles triangle (No. 119). 
Hence A C E at the centre is equal to twdee AD E at the circum- 
ference. . 

Again, the exterior angle B C E of the triangle B C D is equal to 
the sum of C B D and C D B. But those angles also are equal, 
because C B and C D being equal, C B D is an isosceles triangle ; 
nence B C E at the centre is equal to twice B D E at the circum- 
ference. 
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ISlow, in fig. 1 (where the diameter of the circle passes clear of 
the arc A B), A C B is the ditiercnce of BCE and ACE, and is 
double of A D B, the difference of B D E and A D E. 

When E falls on AB, as in fig. 2, ACB is the sum of ACE and 
BCE, and is double the sum of the angles A J3 E and BEE, or 
the angle A E B. 


140. The angle at the circumference is measured by half the arc 
subtending it (fig. No. 139). 

As A C B at the centre is measured by the arc A B, it is evirlent 
that AEB at the circumference (which, by the prop, is half ACB) 
is measured by half AB. Thus, if AB is 58°, the angle AEB will 
be 29®, for any point of the circumference at which E may fall, 
except between A and B. 

Tliis proves the method No. 100, for, since C A, AI (supposing A, I, and B, I, joined) 
arc equal to CB, BI, and Cl common, the triangles C A I, C B I are e(|ual, — hence AC I 
and I C B are equal ; each therefore is half of A C B, and is measured by half th(; arc A B. 

141 . The angle in a semicircle is a right angle. 

If the arc A B increases to a semicircle, A moving to E and B 
to E, A C and C B (fig. 1, prop. 139) falling into the same lino, form 
a diameter, the angle ACB becomes two right angles or lN0°, and 
then A E B, or half A C B, is 90®. Hence the angle in a semicircle 
is a right angle. 

This theorem proves the method No. 96 (2), for since 1 K is a diameter, the angle at M, 
a point on the cireunifereucc, is the angle in a semicircle. 


142. The angle in a segment greater tlian 
than a right angle. 

The segment BAG of tlie circle being 
greater than a semicircle, the other segment 
BE C must be less than a semicircle; and the 
angle BAG in the greater segment being 
measured by lialf the arc BEG, that is, by a 
quantity less than half 180® (No. 140), is less 
than a right angle. 


a semicircle is less 



143. The angle in a segment less than a semicircle is greater 
than a right angle. 

The segment BAG being less than a semi- 
circle, tlu‘ segment B E G must be greater than i, 
a semicircle, and therefore the angle B A G, 
which is measured by half BEG (No. 140) is 
greater than half two right angles or than one 
right angle, 

i> 

144. A lino, G E, drawn from the centre of a circle bisecting 
any chord AB, is perpendicular to the chord. 
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Join C A> C B, tluni C A and C B are equal 
by the def. of a circle (No. 74). Also A D and 
D B are equal, each being half of A B, and C D 
is common to the two triangles CAD, C B D. 

These triangles, therefore, having their three 
sides equal, arc equal ; hence the equal angles 
C D A, C D B, op))osite the equal sides C A, C B, 
being adjacent angles, are right angles. 

Cor. The line from the centre bisecting the chord bisects the arc 
A B. For since the two triangles, as above, are equal, the angles 
A CD and BCD, opposite the equal sides AD, DB, are equal, and 
being at the centre are measured by the arcs on which they stand. 

The above proposition is the principle of the method of finding the centre of a cii(;le, 
Ko. 102. 



145. Triangles having the same altitude are proportional to their 
bases. 

The altitude is the perpendicular distance of the vertex, or summit, 
from the base. 



Let the base B C of the triangle A B C be divided into any num- 
ber of equal parts, as three, B hC, and EF the base of the 
triangle D E F, into four like parts, Ee, ^/^, kl, /F, then B C is to 
E F as 3 to 4. 

Join the points A^, A /i, and Di, DA, D Z. Then the triangles 
A B^, Ay It, A h C, and D E i, D i A, D It /, D ZF are all equal, 
being on equal bases, and having the same altitude (No. 134, Cor.) 

lienee the triangle ABC contains three j)arts, of which D E Y 
contains four, and, therefore ABC : D F : : 3 : 4, which is the 
ratio of the bases.* 

146. A line D E parallel to a side B C of a triangle ABC 
divides the sides A B, AC, in the same proportion, that is, A D 
; AB :: AE : AC. 


^ If it be impossible to find a quantity, or measure, Bff, winch sliall divide B C and E F 
into an t^xact number of equal parts, as 3 and 4 abovt; (that is, wljcn B C and E F are said to 
be incommensurable) we must take a smaller quantity, and a greater number of triangles ; 
and by taking this measure suffii-iently small we may make tlie error of using it instead of 
the true proportion as small as we please. 
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Join BE, C D. Then the triangles B D E, 

C D E on the same base D E, and between the 
same parallels 13 E, B C, are equal (No. 134, Cor.) 

Add to each the triangle A D E, then the whole 
triangle A B E is equal to the triangle A 11 C 
(No. 114, 3). Hence the triangle A B E : A B C 
: : ADC : ABC. 

Now triangle ABE: triangle ABC:: base 
AE : base AC, since they Inlve the same altitude', viz the ])(*rpen- 
dicular drawn from B on A C or AC produced (No. 145). Also, 
triangle ADC: triangle ABC:: base A D : base A B, 

And the triangle A B E is equal to the triangle A D (J, hence the 
two proportions are the same, and AE:AC::AD:AB. 

In like manner, as the triangles A D E, El) B, have the same 
altitude, viz. the perpendicular drawn from E on A B, we have 
triangle A D E : triangle E D B : : A D : 1) B. 

Also since the triangles A D E, E D C have the same altitude, 
viz. the perpendicular from D on A C, 

triangle A D E : triangle E D C : : A E : EC. 

But the triaiiirles E D C and E 1) B are equal, hence 
A D : D B : : A E : E C. 

This proof applies to the sector. The line of lines on each leg is the side of an isosceles 
triangle, and the transverse distances 1,1, 2,2, &c., are the bases of so many isosceles tri. 
angles ; the angli's at these bases being equal, the bases are parallel, and the sides ol’ tlie 
several triangles so formed arc proportional. 



147. ,Def. Similar triangles are such as have the sides about the 
C(puil angles proportional. 

148. Equiangular triangles, as ABC, 1) E F, have the cor- 
responding sides about the equal angles projjorlioiial, that is, 
A B : A C : : D E : D F. 

Let the angles A and D be eipuil, as also B 
and E, C and F. 

Place the triangle D E F on A B C, D 
being ])laced on A, and 1) E on A B, and let 
bo the point where E falls. 

Then since the angles A and D are c([ual, 
and D E is on A B, .1) F will fall on A C ; let, 
tlierefore, 11 be tlie ])oiiit where F falls. Then 
since A (r 11 is etpuil to E, and B to E, A G 11 
IS equal to B, and the lines GH and B C, which make equal angles 
Muth A B, are therefore parallel. Hence, by No. 140, AB : AC 
; : D E : D F. 

Cou. Hence equiangular triangles are similar (No. 147.) 

149. In a right-angled triangle A B (^, a line B 1) drawn from 
the right angle })er])en(li(*ular to the hypothenuse, divides the triangle 
into two similar triangles A !> D, B DC. 
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The triangles ABC, A D B, having 
each a right angle, and the angle A common, 
have the third angle also equal (No. 127), 
they are, therefore, equiangular. 

For the like reasons ABC and B D C 
are equiangular ; therefore the two tri- 
angles A B D, B D C, are equiangular, and the sides about the equal 
an^i’les are proportional (No. 148). Hence 

(1) AC:AB :: AB: A13. 

(2) AC:CB ::CB :C1). 

(3) AB: AI)::BO:Bi).^ 

2. 7'erms of Trigonometry, 

150. These terms occur in all calculations in which lines and 
angles arc concerned. 

B 



c N A 


151. PN(]J is a right-angled triangle; a quadrant is described 
with the radius C P, from the centre C; C N and C P are produced, 
and AT is drawn parallel to P N. 

152. The perpendicular P N, drawn from the extremity of the arc 
A P, upon the radius C A, is called the sine of tlie angle PC A (to 
which it is opposite). 

When the arc is very snuill, or P very near A, P N and A P, or the arc and sine, nearly 
coincide. When the are is 0, the sine is 0. When tlie arc is 90°, P falls at B, or the sine 
of 90° is equal to the radius. Thus the sine is always less than the radius, though near 90^ 
it becomes very nearly equal to it. 

153. The line C N, between the centre and the foot of the sine, 
is called the cosine of P C A (to which it is ndjacenf). It is called 
cosine because its equal P n, is the sine of P C n, tlie complement of 
PCN. 

When the arc is small, N falls near A, and C N falls nearly on C A, or the cosine of a 
small arc is nearly equal to the radius ; for the arc 0, they are c*qual. When the ar<^ is near 
90°, the eosiiu; is very snijJI ; ami the eosine of 90° is 0. Thus the cosine is always less 
than the radius, though it may jq.})roaeh indefinitely near to it. 

* By (1) A C X A D — A B X A B, or, as it is written, A IP, and read A B square ; and hy 

A f’ X C D C B'^ ; hence the |)roduels A C A D and A C x C D are together etjiial lo 
A B square and B C square^ But A C x A J) and A C x C 1), is the same as A C x A D and 
C D, or as A C X A C, which is eall(*(l A C stjuare ; lienee A C square is equal to A B square 
and B C setiarc . The term square here denotes the number of units (in the line) multijilied 
by itself ; thjs, if A B is 3, AB' is 9, and this is the number of S(|uare units eontairied in 
the square described on A B. Hence this is another form of the propos. in No. 137. 
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154. The line AT, drawn from the extremity of one radius (as 
O A), touching the circle, and meeting the otiier radius produced, is 
called the tcnujent of the angle P C A, or arc P A. 

Wlicn the arc is smalJ, AT but little exceeds P N ; when the arc is 0 the tangent is 0 ; 
when the arc is small, the tangent and sine may be taken for each other, and for the arc. 
When the arc is the tangent is intinitcly great. The tangent is less than the radius, 
according as the angle is less or greater than 45°. 

The cotangent is the tangent of P C ii, which is the complement 
of PCN, and would be drawn from the extremity of the radius CJ3, 
meeting C P i)roduced. 

155. The line C T meeting the tangent, is called the secant, 

1 he cosecant is the secant of P C ii, and meets the cotangent. 

When the arc is 0, the secant is equal to the radius. When the arc is 00°, the secant is 
infinitely great. Tlie secant is always greater than the radius, as is also the cosecant. 

15G. The line A ^ is called the versed sine, 

157. These quantities are calculated for a radius of the same 
constant length, and to each minute or smaller division of the quad- 
rant, and are inserted in Tallies. Then, since the sides of all right- 
angled triangles having the same angles are proportional (No. 148), 
the tables uhord the means of finding the relations among the jiarts 
of a right-angled triangle, of any kind or dimensions, by simjile 
jiroportion. For example, the sine of 30® is ^ tlie rad. (see No. 159, 
Cor.), or 0*5, the log. of which, by No. 58 (2), is 9*698970, as inserted 
in Table 68. 

Tliese are the principles on which the Traverse Tables and the 
Trigonometrical Tables are constructed. 


3. Propositions of Trigonometry, 


158. Tbe sine of an arc is half the chord of twice the arc. 

Take the arcs A P, A (J ecjual to each other, 

and join P Q. Then the angles P C A, A C 
are equal (No. 82). And since C P=:(3 Q, and 
C M is common to the two triangles C P M, 

CQM, these triangles an* equal (No. 117); hence ^ 

1^M = MQ; therefore P IVI, the sine of A P, is 
half P Q, the chord of twice A P. 

159. The chord of 60® is equal to the radius. 

Let A P and A (tig. No. 158) be each 30®, then the arc T' Q 

is 60®; and since the tliree angles of the triangle; VC Q are equal to 
180® (No. 127), Vj P Q and C Q P are together equal to 120®. Also, 
since CP=CQ, these two angles are equal (No. 119), and each, 
therefore, is 60®. The triangle is, therefore, equiangular, and con- 
sequently, equihiteral, No. 120. Hence PQ=C P. 

Cor. Since P M is half P Q, it is equal to half C P ; or the sine 
of 30®, which is the cosine of 60®, is half the radius. 
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160. The secant of 60® is equal to twice the radius. 

Since P N and AT are botli perpendicular to (" A, 

they are parallel (No. 124), and the triangles C P N, 

CT A, are similar (No. 148), hence 

C T : C P : : C A : C N, that is, as rad. : cos. 

60°, or as 1 to that is, as 2 : 1 . 

161. The tangent of 45° is equal to the rjidius. 

Let P C A (fig. No. 160) be 45°, then C T A is also 

45° (No. 127), hence the triangle is isosceles and the 
sides C A, AT are equal. 

Cor. Hence also, by similar triangles, C N = N P, or the 
cos. of 46° are equal ; as are also the tangent and cotangent. 



4. Constructing the Canons, and working them hy Logarithms, 


162. Take a right-angled triangle, as A B C, and supymse 
similar to it, as P N C, drawn in a quadrant, as in No 151 ; 

CA : AB :: CP : PN; 
that is, C A : A B : : rad. : sin. C (by 152). 

The second triangle, P N C, is, in fact, 
here referred to for illustration only ; for it 
is evident, without it, that CA and AB 
themselves stand in the same relation to 
each other as that of radius and sine; 
hence 


another 

then 



By No. 152. CA : AB :: rad. : sin. C. (1.) 

By No. 153. CA : CB :: rad. : cos. C. (2.) 

By No. 154. CB : BA :: rad. : tan. C. (3.) 

By No, 155. CB : CA :: rad. : sec. C. (4.)^ 

163. It is easy to recollect these analogies, each of which begins 
with two sides, by observing these conditions. 

1. One of the three sides must be made radius, and the analogy 
always begins with that side. 

2. The other sides will then become sine, cosine, tangent, cotan- 
gent, secant, or cosecant, of one or the other of the two acute angles. 

The figures below sufficiently illustrate the application of the 
terms. 



* The learner will mu(;li more speedily af)preliend the purposes which the expressions of 
trigonometry answf^r in the sciences of calculation by considering these proportions as repre- 
senting the change of quantities in a certain ratio, as in No. 48 (.‘5). Thus A B is C A 
diminished in the ratio of the sine of C to 1 ; CB in that of cosine to 1. A B is also C B 
diminished or increased in the ratio of tan, to 1, according as C is less or greater than 45®, 
*nd C A is C B increased in the ratio of secant to 1. 
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To employ riglitly the terms sine, cosine, &:c., observe — 

3. Tliat when the hjpothenase, or longest side (which is opposite 
the right angle), is made the radius, 

The side opposite either of the acute angles is the sine of that 
angle ; and the side adjacent to either angle is the cosine of that 
angle. 

4. When cither of the sides containing the right angle (or 
Letjs,^ as they are called), is made radius, the other side becomes the 
tancjent of the angle opposite to it; and the hypothenuse becomes the 
secant of that angle which is contained or included between itself and 
the radius. 

Tlie learner should be jible to construct the above analogies 
(which he will find very easy) before he proceeds to the solution of 
any question, without regard to wdiat is given or what is not given. 

164. We now proceed to the calculation of a problem. The 
above analogies or ])roportions consist of four terms each. Hence, 
if three arc given, the fourth may be found (No. 46). But the radius 
is assumed in the trigonometrical tables as 1 (which is the simjdest 
of numbers), and hence, of the three remaining terms, if two are 
given, the third may be found. 

U ence, in any right-angled triangle, consisting of three sides and 
two angles besides the right angle, if tw o parts w hich enter into any 
one of the above analogies are given, the third term of that analogy 
may bo found. 

165. The proportions may be solved by multiplication and divi- 
sion ; thus, sup])ose, CA (hg. No. 162) measures 37 feet, and the 
angle C is 29° 52', and w e want to find A B. 

We have by No. 162 (1), C A : A B : : 1 : sin. C, 

whence (No. 46) A B = (3 Ax sin. C (the 1 not being written). 

Now the sine of 29^52', given in tables of natural sines (of w hicii 
the lo(js. are given in Table 68) is 0*498 nearly, hence AB=37 x 0*498 
= 18*426. 

But in order to save such tedious processes, logarithms are em- 
ployed in the manner described. Nos. 64 ami 65. Thus, AB=37 
X sin. C, becomes log. of A B = log. of 37 -flog. sin. C. 

Again, if C A were recpiired, and A B given, w e should have 
C A = A B X 1-f sin. C ; or, (suppressing the 1). 

log. C A = log. A B — log. sin. C. 

The following rules are deduced from these principles. 

The learner will do w'(41 to verify all his work by the Traverse 
Tables. This proceeding is described in the explanation to the 
Traverse Tables. 

166. The rule for working any analogy by logarithms is v(‘ry 
simple, and there are but tw^o cases: 1. In which it is re(|uired to 
find one of the mean terms; and, 2. In wdiich it is required to find 
one of the extreme terms. 


* The two legs are also called the base and perj)en(licular (No. 89). These terms, beint» 
a«^u^lly given to the sides which are horizontal and verticiil, as the reader holds the fi^urs 
before him, are employed entirely at convenience. 
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(1 .) To find a mean term. Add together the logarithms of the 
two extremes, and subtract from the sum the logarithm of the other 
?iiean. The remainder is the logarithm of the term required. 

(2.) To find an extreme term. Add together the logarithms of 
the two nleans, and subtract from the sum the logarithm of the other 
extreme. The remainder is the logarithm of the term required. 

Note . — The log. of the radius (as employed in the analogies) is 
10, this being used for convenience, as stated at p. 19, note ‘f*. 

Case I. Given the angles and the hypothenuse, to find the two 
sides. 


Ex. B is the right angle. The angle A 5 s 50° (wnence C is 40°, because the two acute 
angles are together 90°. (See No. 127 , Cor.) C A is 28 feet. It is required to lind 11 C 
and B A. 

We must employ two sides, and one of them must be the unknown, or required side • 


to find C B, 

wc must take C A ar.d C B. 

A 



C • B 



If C A, the hypothenuse, be radius, C B 
becomes the sine of A (No. 163 ), hence 
C A : C B : : rad. I sin. A ; 
in which C B, a moan term, is required, 
lienee, by No. 166 ( 1 ), we have to add the 
logs, of CA and sin. A, and subtract the 
log. 10. 

CA 28 log. (tab. 64 ) 1*447^ 

A 50® log. sin. (tab. 68) 9-88 43 

log. “1 1-3315 
sub. lo- 

CB = 2 i *4 log. 1*3315 

We might have used C B as cos. C, 
that is, C A I C B : : rad. : cos. C, 
otherwise C 13 ; C A ! : rad, I sec. C. 


If C A, the hypothenuse, be radius, A B 
becomes the cosine of A (No. 163 ). 

CA I AB :: rad, ; cos. A; 
in which AB, a 7 ncan term, is required. 
Hence, by No. 166 ( 1 ), we liave to add the 
logs, of C A and cos. A, and subtract the 
log. lO. 

CA 28 log. (tab. 61 ) 1*4.1.72 

A 50- log. cos. (tab, 68) 9-S(..Xi 

lof?- 

sub. 10* 

AB=iS-o log. i’25 53 

We might have used AB as sin. 
that is, C A I A B : .* rad. ’ sin. (’, 
otherwise AB I AC :: rad. ; see. .V. 


* It is ncces.sary to remark here, that the process above differs from that followed i y 
seamen in general, the object of which is simply that the required quantity may staml la.'.l. 
The example in Case III. by that method stands thus: 


To find the Angles. I 

To find the 

side B C. 

As the hypoth. A B 

2*3430 

As rad. 

io*ocoo 

Is to radius 

So is the perp. A C 

10*0000 

2*0082 

Is to hypotli. A B 
So is sin. A 

2*3430 


12*0082 

2*3430 


' 12*2908 

lO’OOCO 

To sine of angle B 27® 33' 
Hence, a is 62° 27'. 

0*6652 

To B C 195*4 

2*2908 


Now the method jiroposed is more natural than this last ; because, when the two sides 
are taken together, their trigonometrical relation to each other is immediately perceived, 
which, when they are separated, is not so apparent. Again, simjc the term sine, vor cosine, 
is determine!! altogether by that side which we make ratli\is, tliese terms should, according to 
tne natural ]>rogress of id(*as, immediately follow the term radius. The method followed is 
rUiiO shorter and luore elegant. Moreover, the method just quoted, not being employed in 
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Case II. Given the angles and 
and the other leg. 

Ex. C is 90°, Angle A is 30° 14', hence I 
To find A B. 

Take the two sides, AB, B C, make AB 
(the hypotheiiuse) radius ; then, No. 163 . 

B 



A C 


AB : BC rad. : sin. A; 
in which A B, an PA,t 7 'eme term, is rctpiircd. 
Heni^e, h) No. 166 ( 2 ), we have to add 
the logs, of B C and rad., and subtract the 
log. of sin. A.* 

BC 171 log. + TO, I2’2330 

A 30° 14' log. sine — o'yozo 

A B = 339*6 log. 2*5310 


one leg, to find the hypothenu&e 

' 59° 40'. B C is 1 7 1 . Find A B and A C. 

To find A C. 

Take two sides, A C, C B, make L C 
radius ; then, by No. 103 ( 3 ). 


B 



A * C 


A C ; C B : : rad. ; tan. A ; 
in which A C, an exlrome term, is required. 
Hence, by No. 166 (2). 

CB 171 log. + TO, 12*2330 

A 30^ 14' log. tan. — 9*7655 

^ AC = 293*4 log. 2*4675 


Tliis miglit, like Case T., be worked difierently. Thus, to find 
A B, we may make BC radius; then A B ; BC :: rad. : cos. B. 
Again, to find A C; making BC radius, we liave A C : CB :: rad. 
; tan. B. 

We might also, having found 0110 of tlie unknown quantities, 
employ this qiianlity as a means of finding the rest; but in general 
it is better, when practicable, to depend only on the original quanti- 
ties given. 

Case III. (i iveii the hypothenuse and one leg, to find the angles 
and the other leg. 


Ex. Angle C is 90°, B A*=* 220*3, A C« 
To find B. 

Taking the two given sides, we have 
A 



B C 


BA : A C :: rad. : sin. B; 
in which sih. B, an exire 7 ne term, is reijiiired. 
AC 101*9 log. + TO, I2*CoS2 

B A 220*3 log. —2' 3^30 

3 = 27'^ 33' sin. 9*6652 

lienee A = 62 27 


*9 ; find the angle B, and then B C. 

To find B C. 

Taking the two sides, B C, C A, we havf. 

A 



B C 


B C C C A : : rad. * tan. B ; 
in w’hich B C, a!\ ex tt'eme term, is required. 

CA 101*9 log. + IC, I2-CCS2 

B 27 33' log. tan. — 9*71 

B C- = 195*.';. log. 2*^908 

(Here, in eomjmting by (he canons, we 
are obliged to employ B, as found.) 


any other scientific process, every seaman who nniy require to extend his scientific knowledge 
of these subjects will have to unlearn it and to adopt the othcT. The rules laid down above 
will be found, after very little practice, simpler and more intelligible, and therefore easier to 
recollect, than those of the old method. 

• Insti'ad of mblracting the log. sine, eosme, and tangent, it is the same, thing to add 
who log. cosecant, scciuit, aiid cotangent, because these last are the arithmetical coniplement-v 
of the fir.st, We have omitted this in tlie examples, to avoid confusing the learner. 

t: 
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Case IV. Given the two legs, to find the hypothennse and the 
angles. 


Ex. The angle C (fig. in Case III., only marking B C as given instead of BA) is 90°, 
B C=« i95’4» C A= ioi’9; find B A and the angle A. 


To find angle A. 

A C : B C rad. ; tan. A. 

Hence, by No. 166 ( 2 ), 

BC 195*4 log. + 10, 12*2909 

AC 101*9 log.— 2*0082 

As® 62® 27" log. tan. 10*2827 

and B=»2'’ 33 


To find B A. 

Making B C radius, B A will become the 
secant of B ; hence, 

B C ; B A : : rad. : sec. B. 

Hence, by No. 166 ( 1 ), 

B C 195*4 log- 2*2908 

^7° 33 " l^S* Jo*Q5^3 

BA = 220*3 log. 2*3431 

As 10 is to be subtracted it is omitted in 
the index 12. 


Ex. 1 . The hypothenuse A C is 144, the angle A 39° 22', whence C is 50“ 38', required AB 
andBC. Ans. AB is 111*3, and BC 91 3» 

Ex. 2 . The hypoth. AC 250, the angle 0 = 35" 30' ; find C B and A B. 

Ans. CB = 203-5, AB = 145*2. 

Ex. 3 . The perp. B C = 3C0, the angle A opposite 58° 20' ; re([uired the base and hypothenuse 
AC. A*ns. AB = 222, A 0=423. 

Ex. 4 . Given the base A B 208, and angle A 35® 16' ; find the liypoth. A C and the perpend. 

BC. Ans. AC — 254*8, BC = 147*1. 

Ex. 5 . Given the hypoth. AC 272, and base AB 232, to find the angles A and C, and BC. 

Ans. A = 31° 28', C= sS" 32', B C = 142. 

Ex. 6. Given the hypoth. C A 980, and base B C 720, required the angles and remaining leg. 

Ans. A 47*^ 17', C 42'-' 43', A B 664*8. 


VI. Methods of Solution.* 

167. The solution of a question in which tlui i csult is rcquirtMl in 
numbers is obtained in three ways, namely, ]. Inspection; 2. Cal- 
culation or Computation ; 3. Construction. 

(1.) Inspection usually implies taking out, ready calculated, from 
a table, tlie result corresponding to the elements of the particular 
question proposed. The term has, however, a more general accepta- 
tion, being ayiplied to the taking out, not merely of the result itself, 
hut of quantities wliich coinjmsc it. 

This method being easy and expeditions, is the best for general 
practice when precision is not required ; hut as the tables adapted to 
this kind of solution are necessarily limited, it is, on many occasions, 
not sufficient. 

(2.) The general term Computation may be applied to every 
inode of solution by the composition of numbers only. Since, liow- 
f ver, Inspection inclu(les the simplest cases of tliis kind, namely, 
those in which either the required quantity itself, or the })arts cora- 


* The matter in this section is, from its nature, adapted only to the reader who has made 
some progress in the subject. 
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[)(>siiig it, are taken from tables, the tcM*in Computation will be ein- 
nloyed in other cases, and always when precision is required and 
logarithms are concerned."^ 

(3.) Construction implies (in our present subject) drawing a 
tigure of the actual case on a convenient scale, and in the proper 
pro]>ortions, the number of parts contained in the quantity required 
to be measured being taken from a scale adapted to the purpose. 

This process is tedious, and not, in general, capable of much pre- 
cision, hut it is the most rf?adily intelligible of the three methods, and 
is, therefore, the least open to mistake. The seaman should, accord- 
ingly, be able to jiroduce a figure of every case that admits one, and 
should acquire the habit of referring to the figure, in the mind, as 
the ordy real security against mistakes in his work. 

The figure or natural representation of the case is, moreover, the 
foundation of the mathematical treatment of the question. 

1 . Limits of Methods or Ohservdtions. 

168. In every process of calculation, the elements whieh enter 
into it, and which are either observed at the time l)y instruments, or 
taken from tables, are liable to error. Every result, therefore, is, to 
some extent, uncertain ; hut the amount of error of the final result 


♦ Solutions of this kind are usually divided into “rigorous" and “approximate," or 
indirect, as the latter arc also called. In all solutions, however, we either deal directly with 
the quantities tlieinselves, as arcs, angles, ike., in their entire or integral state, or we com. 
putc a difference from a certain value assumed or given, and thence tind tlu^ required quan- 
tity. 'Phis last process is indirect, but tlie former may he (‘ffected irnlireclly also. The 
terms Integral and Differential would then, it is presumed, be more satisfactory, for the 
degree of approximatioti obtained is altogether beside the (piestion of the character of the 
solution. We do not, however, on the ju'esent oecjisiou, depart from the usual terms. Wc 
shall merely add, as some indistinetness prevails as to the properties of these dilferent 
solutions, that both are I'qiially aliected by errors of observation (as must of course follow, 
if thi-y he both trm*), and tliiis the essential distinction between them, in practice, lies in 
the ditferent numbers of figures whieh they respectively require. 


There is another point on which we shall take the opportunity to make some remarks for 
the satisfaction of the scientific reader. In the present subjoec Ave are obliged, in most eases, 
to consider the reipiired (piantity, though really unknown, as if it were given, as it is an 
indi.spen sable argument in reducing the elements ; — thus, in finding the longitude by chrono- 
meter, by the sun, we must assume a longitude in order to deduce the declination and equa- 
tion of time. iSueh solutions are, therefore, solutions hy assumption ^ ami the question 
naturally arises, What is the criterion by which to know whi ther the result is nearer tlie 
truth or further from it than tlie temporary value employed } 

In general we have to solve, not tlie equation u~f {x, //, r), but */,=/ {cr. y, r, u')y in 
which n’ is an assumed value of h , and a first approximation. The second approximation 
is (.r, y, *, «,), and so on. Now, it is evident, without examining the successive 

differences v. - ?/,, .... that the process is convergent, if v xaries more slowly than 

m', that is, wlien ^, < i. This is the case with all our problems withiu the limits assigned. 
du 

When ~ the process is divergent, or the re.sults are w'orse and worse ; and when »=i, 
du 

the assumption is reproduced. Again, when — is ]iositive, tlie results are all greater or all 

less tlian the truth ; when negative, they are alternately loo great, and too small. Hence, in 
general, it depends on tlic data, and not on the greatness or smallness of the error of 
iissumption, whether the process converge or not. The above, however, applies, in strict- 
uess, only to small errors of assumption ; for large eirors higher terms must be eonsidiTcd. 
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caused by an error in any OH(i of the data (or quantities given for the 
solution of tne question) is very ditfercnt under ditfercMit circum- 
stances, being in some cases scarcely jierceptihle, while in others it 
may far exceed tlie very error to whicli it is due. 

If we agree beforeliand that a proliable error of observation shall 
not cause an error Ijcyond a certain amount in I lie result, we must 
exclude all those cases in which it would produce a greater effect, 
and we thus assign linflts to the melhod or obs(*rvation. 

1(19. (lenerally speaking, every elennuit that enters into the 
computation is liable? to (u*ror, and, thei ei'ore, each element will have 
its own iiide])eudent inlluence in limiting the observation ; that is, in 
strictness, there will be dljfcrrnt limits for oacli sc'parate element, 
but, for practical junq^oscs, it is enough to assign tin? limits according 
to that cieuieut of whi(di the error is most important.. For instance', 
in finding the time by a single altitude of a celestial body, wc? enqiloy 
its altitude and de'cliiiation, and the latitude? e)rthe place. IVow the 
latituele will oftem, and the? ele'cliiiation souictiuu's, be correctly 
known, but the altitude can iieveu*, from vai‘ions caii>(‘s, ]>e e‘xe?m|)t 
from suspicion of inaccuracy ; be.'sides, in general, an cj-i'or of altitude 
])roduces a greater etfect on the? result than an cM[ual error in lati- 
tude e)r (leclinatiou. lle'uce we limit the? method of “lime by an 
altitude off tln^ me?ridian” in respect of altiliuh? only; and assuming 
tliat F error of altitude shall not cause moj*e than Kb e*rroi* in the 
time, we limit, for the more frequeiite?el latitudes, tlu? ce?lestial body 
to a certain bearing. 


2. Degree of Dependance. 

170. The result of every comjjutntioii is, as aliove remarked, 
No. 168, more or le?ss uiufertain. If we knew the? erreir in one of 
the (?lements, we ce)uld easily find the effect it wouhl produce on tlie 
result, by working the computation over again; and il‘, under the 
circumstances, such error in the data is not likedyto exeieed a ce?rtaiii 
qiuiutity, we she^uld thus find the limit of probfdde error for ex* 
am])le, suppose in tiuding the time, the erroi* of altitude is not likely 
to exceeel 2', anel that the elfect of this in working over again is 9% 
we say that 9^ is the limit of pro])ahle erj’oi*. 

171. Since all the elements are more or less uncertain, tlu'i'e 
is a limit of probable error or degree of dejxmdance in respect of 
each. Hence the extreme )>rohabIe error of the residt is the sum 
of* all these error.-?, supposing they lie on the same side. Jlut, in 
practice, they will, in g<‘iu?ral, tend to neutralise each other, and it is 
enough to estimate the degree of dependance in resj)ect of the most 
important of tlumi. 

172. In some cases a small error of observation will produce a 
very great error in tlie result ; in others, a large error may not ])ro- 


* The term “ Degree i>f Dependanee is preferred luM*e to “ limit of j)r()ljcible error,'' 
because it describes in direct terms the appUcutiori or use of that limit, which is, to point out 
How near tli? result may he depended upon. 
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iuce a sensible effect. For example, an error of 1 ' in the luna* 
distance, causes an error of 30' or 40' in the lon^-itiide, while an erroi 
of several miles of latitude may not, In certain cases, produce an 
error wortli notice in the time as found by an obsfirvation. As no 
nicety in the mere working of the com])utation can, in any way, 
nu‘(‘t or counteract errors of ol)servation, it is necessai’y, in forming 
a true jnrlguieiit of tlie place of tin* shi]), to try the f?tfects of probable 
errors; iu otlier words, t(j try th(‘ dc‘L>ree o(‘ <lep(‘U(lauce. Thus, in 
the exaniph* of tlie lunar allinhMl to ahovt;, a novice niiglit conclude 
that his longitude was, to the exact minute and second, that found by 
conijiutation ; Ijiit a more experiencerl coin])uter, knowing that all 
his (‘hnin'iits arc) not al^soliitely correct, and that his result can 
scarcedy be perfectly exact but by an accidental compensation of 
errors, makes a,ii allowance for error; and assuming that the distance 
may be too mucdi or too little by 30", for example, considers the 
observation as merely liaving establislied with certainty the ship’s 
placte within If/E. or \V. of the ])osition d(*dnc(‘d. 

173. Jhit the degree of dc'pendanee, besidc's bedng indispensable to 
rightly judging of the true j>lace ol'thc* ship, or, rather, of the space 
on latitude and longitude within which she is to be found, lias another 
important apjdicatioii, as it governs the amomit of labour bestowed 
on the comjuitalions. For examjde, if the latitude is uncertain 
several miles, it is at once evident, that to jiroceed with as much care 
and jireeisiou as if it were asccnMaincxl to a few seconds, is mere 
waste ol* time*. Similar remarks have already been otiered in the 
Ih'ofaee, and they are particularly directed to tlie student’s attention, 
who should he early iiiijiresscul with the importance of inijiroving 
his judgment liy continual exercise, instead of trusting on all occa- 
sions to a mecha'nical routine of computation. 

174. It is worth while* to notice, that iu woi’kiiig to a certain de- 
gree of ac'ciM’acy, as, for example, to minutes, it is gem'rally enough 
tocmijiloy the nearest nhole minute; hut nheii one of the fpuiutities 
varic's very rapidly, it may be jiroper to work closer ; for it is (*asy 
to see that the inaccuracy of half a minute iu a quantity which is 
multiplied by a number greater than J, is increased, and a})pears as 
a wliole minute. 


[1.] Personal Error. 

175. The several errors to which each observation is exposed, 
and which accordingly enter into the estimation of the degree of 
(lependaiice, arc described in their projier places; but there is one 
wliicli, tbougli s(msible only in cases where a eonsiderable step lias 
been made towards precision, is of universal application, and is, 
tlicndore, ])roperly noticed here. 

It is found that different ])ersons do not agree in the precise 
instant of observing the same jihenomenon. Again, some persons 
are in the habit of observing more or less closely than others. The 
kind of en-or which is obviously present in such cases, is called the 
verso Hill or equation. 
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Two observers have been found to dificr 0"*4 in tlie sun’s transit 
over the wire of a telescope. 

170. VVlien two images, in contact, lie stationary before two 
observers, it is difficult to understaml why one of them should see 
them overlap, or the other open, or wliy they should not agree in 
the measure. ]3iit when the images an* in motion, tlie observer’s 
anxiety is roused lest he may miss tlie observation, and tin* excite- 
ment may lead him to think that he sees the contact before it really 
takes place. Hence there is reason to believe tliat the personal 
equation is, in some degree, a matter of tempei’ament. 

It also seems well ascertained that the personal ecpiation is not 
the same for the same individual at all times, and that it is greatly 
influenced by fatigue, by the eflbrt of observing, and, in fact, by 
every caiise that atfects the nervous system. It may, therefor(*, l)e 
advantageous to bear these circumstances in mind ])reT)aratory to 
undertaking observations in which much accuracy is required. 

177. The existence of this error sluwvs tliat wdien much precision 
is required, observations taken by diflei’cnt persons should not he 
mixed together until cleared of personal errors, since) they may at 
the outset be j)resumed to be affected by unoejual errors ; an«l it is 
probable that many discrepancies are due to this cause, in ol'serva- 
tious whether by the same or different observers. 
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CHAPTER I. 

"Oefinitions. 

178. By tlie general term Navigation is meant that science 
which relates to the determination of the place of a ship on the sea. 

179. The })Iace of a ship is determined by eitlier of two methods, 
which are iiulei)endent of each other : 1st, by referring it to some 
other place, as a fixed point of land, or a former place of the ship 
herself; 2d, by astronomical observation. 

The first of these methods is treated under the head of Naviga- 
'XiON ; the second, under that of Nautical Astronomy. 

180. The earth is nearly a globe or sphere : this is proved in 
three ways. 1st. When a vessel is seen at a considerable distance 
on tlie sea, in any part of the world, the hull is partly or entirely 
concealed by the water, though the masts are visible. 2d. The 
shadow of the earth thrown on the moon when the earth is between 
tlie sun and tlie moon is, in all positions of the earth, circular. 3d. 
riie earth has been sailed round. 

The earth, however, is not exactly spherical, but of the figure 
r*allcd an oblate spheroid, which resembles an orange, the shortest 
diameter (that winch joins the poles) being 7899 statute miles, and 
that of the fullest parts (about tlie ocpiator) being nearly 26 more. 


N 



181. The earth turns once round m 24 hours. The line round 
wliich it revolves, and which is the shortest diameter, is called the 
axis, and its extremities are the North and South Poles, as N, S. 
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182. The Eqc/ator, called also the Equinoctial Line, or vulgarly 
the Line, is a circle equidistant from both ]>oIes, as W M E, and 
dividing the globe into two half globes, or hemispheres, N W E and 

5 W E. 

At all places on tliis circle the sun rises at 6 a.m., and sets at 

6 P.M., all tlie year round ; tlie days and nights are thus equal, being 
12 hours each. 

183. A Meridian is a semicircle joining the two ])oIes, as 
NAS, N13S. Every portion of the meridian lies nortli and south ; 
and places lying north and south of each other are said to be on the 
same meridian. 

184. Latitude is the distance from the equator, measured on a 
meridian ; thus the latitude of a place A is A M, the latitude of 11 is 
BK. 

Latitude is named north or south, according as the place is north 
or south of the e(piator. Thus A is in nortli latitude, B is in sontlj 
latitude. 

185. The Colatitude is the complement of the latitude to 90®; 
thus N A, S B, N C, arc the colatitudes of the places A, 13, C. 

The colatitude reckoned from the other ])ole is the sum of the 
latitude and 90®; thus the colatitude of A is also 8 A, whicli is 
90® -pM A (the latitude of vk) : N B is the colatitude of 13. 

186. Latitude is measured in degrees, minutes, and seconds. A 
'.niiiutc, or nautical mile, contains 0082 f(‘ol, or 1013 fathoms, and 
therefore, a second is about 101 feet, or 17 fethoms nearly. 

187. Circles jiarallel to tlie equator, tliat is, e({indistant from it in 
every ])oint, paralkh of hititmic ; as A P JI, b 13. 

Two places in the same latitude are said to lie on the same 
parallel. 

188. The Difference of Latitude of two places is the portion of 
the meridian included hetwceii their parallels. Thus, A b is the dif- 
ference of latitude of the two places A, B ; C 11 is that between 
A and C. 

The difference of latitude of the shij) is, therefore, the distance she 
makes good in a north and south direction. 

Difference of latitude is also called Northing and Southing, and is 
marked N. or 8. It is then said to he one of these names, 

189. It is evident, that wlien two jilaccsare on the same side of 
tlie equator, their dilf. hit. is found by subtracting the les^^er hititiule 
from the great('r; and lliat when tlnw are on opposite sides of tlie 
equator, that is, wlien one place is in north latitude, and the other in 
south latitude, the of their latitudes is their dilf. hit. Tims the 
diff. lat. of A and 13, which is A b, is the sum of the north latitude 
A M, and the south latitude B K, or M h. 

Ex. 1. Find the diff. lat. oft Cape Clear and Ex. 2. Find the difl*. lat. of Cape Verd and 

Cape Finisterre. Cape St. Roque. 

Cape Clear 51® 26' N. Cape Verd i+° 43' N. 

Cape Finisterre ... 42 54 N. Cape St. Roque ‘ 5 28 S. 

Diff. lat. 8 |a I Diff. i.at. 


20 It 
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Ex. 3. A ship sails from lat. 50° 19' N. to 
48^^ 12' N. : find her diff. lat. 

Lat. left 50*^ 19" N. 

Lat. in 48 12 N. 

Diff. lat. 2 7 or 127 miles. 


Ex. 4. A ship sails fiom lat. 1 ° ii' N to 
0° 13' S. : find her diff. lat 

Lat. left 1° ii'N. 

Lat. in o 13 S. 

Diff. lat. i 24 or 84 mileb. 


Examples for Exercise. 

Required the diff. lat. between the following places : 

1. Between a place A in lat. 42° 21' N., and another place B in lat. 37“ 32' N. 

A ns. 289 miles. 

2. Between Halifax and tlie Cape of Good Hope. Ans. 4716 miles. 

.'1. Between Uiego Ramirez and Cape Lopatka. Ans. 6447 miles. 

H)0. Wlif'Ti a sliij) in nortli Ijifitndo sails nortli slie evidontly in- 
creases her latitude; and so, likewise, when in south latitude she 
sails south ; beeaiist*, in these eases, sin? increases her distance from 
tile equator, at which the latitude begins. 

Jbit if in north latitude she sails south, or in south latitude she 
sails north, she diminishes Inn* latitude. 

TI(‘nc(}, wlum one latitude and the diff. lat. arc iriven, the other 
latitude is easily found. 

Ex. 3. A ship from lat. i' 3' N. sails 123 
miles soutli : required her ]:it. in. 

Lat. left i"" 3' N. 

Diff. lat. 123' 2 3 S. 

Lat. in i o S. 

The shi]) being in 1° 3', or 63 miles N. of 
the equator, must (uidently be in S. lat. 
after making 123 mih's southing. Thus, in 
sul»traeting one of (lu* ejuantities from the 
other, the difference takes the 7 iamc of the 
greater. 


I']\. 1. A ship from 43 3c S. sails 219 
miles .south : rc() aired her lat. in. 

Lat. left 43” 30' S. 

Diff. lat. 2 19' 3 39 S. 

Lat. in 47 9 S. 

Ex, 2. A ship from lat. 43° ii' N. makes 
194 milc.s southing : re([uircd her lat. in. 

Tiat. left 43® ti'N. 

Diff. lat. 194' ... 3 14 S. 

Lat. in ao ‘;7 N. 


Examples for Exercise. 

1. A ship from lat. 59'’ 27' S. sails southw^ard until her diff. lat. is 374 ; find her present 

lat. Ans. 65"^' 41' S. 

2. Lat. left 48" 2' S. diff. lat. 149 N. ; what is the lat. in ? Ans. 45° 33^ S. 

3. Lat. left 53^ 4' N. diff. lat. 122' N. ; find the lat. in. Ans. 55'^ 6' N. 

4. Lat. left 0° o', diff. lat. 2® 13' S. ; what is the lat. in ? Ans. 2"'' 13' S. 


191 . Longitude is the distance measured on the equator between 
the meridian of a <*iven place; and anolluM- meridian, called the fir. st 
meridian.^" The first iiiei’idiaii witli ns is tlie iiici-idian of Green- 
wich Observatory; thus, if G he Greenwich (ti<>-. iii No. 181), the 
loiio'itude of A is D M, the longitude of 13 is 1) K. 

The longitude of a place is naiiied Last orAN est, according* as it 
is to the cast or west of the first meridian ; thus A is in west 
longitude, H is in east longitude. 


* The fir.st meridian is a matter of jirbitrary choice amongst different nation.s ; thu.s, the 
Frciujh refer to Pari.^^. It is tliercforc neeessaiy, in taking up a chart, to observe what incri- 
iian the longitude is reckoned from. 
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192. We may use either the longitude of one name or the suy)- 
plemeiit to 360°, with the contrary name ; thus, instead of 166° \V. 
we may say 194° E. 

193. Longitude is measured either in sj)ace (or arc), that is, in 
degrees, minutes, and seconds ; or in time, that is, in hours, minutes, 
and seconds, each hour being eiyual to 15 degrees; for the sun, 
which regulates the time, returns to the same meridian again, after 
describing a complete circle, or 360°, in 24 hours, and 15 x 24 is 360. 

194. The Difference of Longitude of two places is the portion 
of the equator included between their meridians ; thus M F is the 
diff. long, of A and C, as also of A and H, and of b and C. To 
measure, therefore, the dill*, long, of two places, we must follow down 
their meridians to the equator, and then take the included portion of 
the equator itself.* 

195. When two places are on the same side of the first meridian, 
their dilF. long, is found by sahtracting the lesser longitude from tlie 
greater ; thus the dilf. long, of C and P, that is, the difference 
between D F and D K, is K F. But where the places arc on 
opposite sides of the first meridian, that is, when one place is in 
east longitude and the other in west longitude, the sum of their 
Jongitudes is the dilf. long. ; thus the dilf*. long, of A and P, as also 
of A and B, is M K, which is the sum of M D and K D. 

When one longitude being east and the other west, the sum 
exceeds 180°, take the supplement to 360° for the dilf. long. 


Ex. 1 . Find the diff. long, of Ushant and 
the east point of Madeira. 

Ushant 5^ 3' W. 

E. point of Madeira 16 39 W. 

Diff. i.oN^G. ii 36 

Ex. 2. Find the diff. long, of the Cape of 
Good Hope and Tristan d’Acuiilia. 
Cape of Good Hope 18° 29' E. 
Tristan d’Acmilia ... 12 2 \V. 

Diff. long. 30 31 


Ex. 3 . A ship sails from longitude 56 
W. to 18^ 32' VV. : find her diff. long. 

Long, left 7^ 56' W. 

Long, in 18 32 W. 

Diff. long. 10 36 

Ex. 4 . A ship sails from longitude 1° 20' 
W. to 2° 17' E. : lind her diff. long. 

Long, left 20' W. 

Long, ill 2 17 E. 

Diff. long. 3 37 


Ejcamples for Ejcerciae. 

Required tlie difference of longitude between tlie following places : 

1. Between Halifax and the Cape of Good Hope. 

2. Between Ushant and St. Michael’s. 

, 3 . Between Diego Ramirez and C. Lopatka. 

4 . Between New York and Manila. 


Ans. 4924 . 
Ans. 1238'. 
Alls. 8071'. 
Ans. 9899'. 


196. When a ship in E. long, sails east, or in W. long, sails west, 


* Since the meridians are all jiarallel at the equator and meet at the poles, the distanee 
oetween any two meridians, measured east and west, is less as the latitude is greater ; that is, 
. he absolute numher of milpf, or of feet, in a degree of longitude, is less as the latitude in 
which they are measured is greater. Hence, also, a given number of miles between two 
nnTidians corresponds to a greater diff. long, as the latitude in which they are measured is 
grtrater. For exam]»le, two places in lat. 10 ' and distant 40 miles east and west from each 
other, have i 0'-6 diff. long. In lat. . 50 '^ two places similarly situated have 1 ° 2'*2 diff. long. 
Questions of this kind arc solved by the rules of Parallel Sailing. 
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glio evidently increases her longitude, or the distance from the first 
meridian. But if in E. long, she sails west, or in W. long, she sails 
east, she diminishes her longitude. Hence, when one longitude is 
given, and also the dift*. long., the other longitude is easily found. 


Ex. 1. A ship from long. 31° 40' E. sails 
east 3'’ 9* : find the long. in. 

Long, left 31-’ 40' E. 

Dili’, long 3 9 E. 

Lon(}. in 34 49 E. 

Iv\. 2. A ship from long. 07° 45' W. makes 
1 1' easting : find the long. in. 

Long, left 97° 45' W. 

Oilf. long I II E. 

Long, in 96 34 W. 


Ex. .3. A ship from long. 0° 32' W. makes 
2" 8" easting : find the long. in. 

Long, left o'" 32" W. 

Diff. long 2 8 E. 

Long, in i 36 E. 

Ex. 4. A ship from long. 178'^ 54' W. 
makes 3° 4" westing : find tlie long. in. 

Long, left 178° 54' \V. 

Diff. long 3 4 W. 

Long, in 181 58 W. 

Or (by No. 195) 178 2 E. 


Examples for Exercise. 

1. Long, left 1® 25' W. diff. of long. 85' E : what is the long, in } 

2. Long, hrft o', diff. of long. 146' W ; the long, in is required 

3. Tjong, left o o', diff of long. 122' E : what is the long, in } 

4. Long, left 1 60° 20' W, diff. of long 4 t'^2o'\V: find the long. in. 

5. TiOng. left. 179'^ 10' E. diff. of long. 84' E. : what is the long, in 


Ans. o'^ o'. 
Ans. 

Ans. 2° 2' K. 
Ans. 158 ' 20' E. 
Ans. 179'^ 26' W. 


197. 'Flic (^)i:usE steered is the iiuo-lo hetweeii life meridian and 
I lie pliip’s head. The course made food, is tlie fin<>*le hetwcon the 
ineriilian and the ship’s real track on the surface ot* the spliere. 

The course is reckoned from the north, towards the east or west, 
whc4f the ship's head is less than eij>ht points from the north point. 
'I’hc same applies to the south point. 

Tin? coursii is measured in points of 1 1® 15' eacli, or in degrees 
and minutes. 

198. The track of the ship while preserving the same angle with 
all the meridians as she crosses them in succevssion, is called the 
IhuTMu Line. 

199. ^'he Distance lietwecn two places, or the distance run by the 
shij) oil a cei-taiii com ^-ie, is measured in nautical miles of 60 to the 
degr(;e of latitude. 9'hree such miles inaki* a leayftc. 

200. The Departure is the distance in nautical miles, made good 
l>y the ship due east or west; or the distance between two places 
measured along their parallel. 

Departure is marked east or west, according as it is made good 
towards the east or west, and is accordingly called easting and west- 
ing; sneh ('asting and wx*sting being, however, cxpiessiMl in /y//7c.v, 
and not, like longitmh*, in arc. 

Tims, if a ship sails fi-oni a ])hice A to another as B, A B is the 



'^htince ; A 0 drawn N. and S., or in the merulian, shews the angle 
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CAB the course ; B C drawn E. and W., or porj)nndiciilar to C A, 
is the departure; and A C is the dl,ff\ lat. 

201. The Bearing of an object or ])lace is the angle contained 
between tbc meridian and tlic direction of the object, and is the same 
thing as the course towards it. 

Taking a bearing* of an object is called setting it. 

The bearings of two objects, taken from the same ])lace, consti- 
tute cross hearings^ tlie lines of direction of the two objects intersecting 
or crossing cacli otlicr at the ])lace of the observer. 

202. Leeway is the angle included between the direction of the 
ship’s keel and tlie direction of the wake she leaves on the siirlai'e of 
the water. 



Thus the vessel C, while she inovt^s through the water in the 
direction of her length, in the line (’ B, is at tin' same time prc'ssed 
to leeward of tliis lino by tlie forcij of the wind, .supposi^d in the 
figures to blow oil tlie vessel’s left or ])ort sidi? ; ber wake, or actual 
path through the water, ap])ears therefore to windward of the jinc 
'which she endeavours to keej), as is I'cjiresented by the lino C L. 
The angle AC L is tin* leeway. 

The course steered (No. 197) is the angle N(/ B, N C being the 
meridian; the course* made good is NOD, the line CD being 
determined by jn-odneing L C. 

20*3. The Dead Beckoning is the account k(‘pt ofthe ship’s phu'c, 
without reference to astronomical observation. It is written J). B. 
for shortness. 

204. The Vjsiule, or Sea Horizon, is the a])])ar(mt boundary of 
the surface ofthe water, which appears to the eye the circumferemce 
of a circle. 

205. The Depression, or, as it is called by ablireviation, Dip, is 
the angle through which the sea horizon appears depressed, iu con- 
sequence ofthe elevation of the spectator. 

Suppose the sjjectator at A, above the sea, and A II a line 

11 



perpendicular to the plumb-line at A, which tends to the centn?; 
A H is the true levid, or horizontal line, and tlie angle II A B, in- 
eluded between it and the line A B, toucliing the sea, is the dip. 
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The (lip depends on the distance in nautical miles of the visible 
horizon. Thus, to tlie eye 30 feet above the sea the true dip is 6', or 
the distance of the horizon itself is about 0 miles. This is easily 
proved thus, 

Let C be tlie centre of the earth, O tlie place of the observer ; 
then the line O 13 drawn touching the surface 
at 13 determines 13 the farthest point visible to 
him. Draw O II j)erpcndicular to O C, then 
since O 13 touches the circle at 13, the angle 
C 130 is a right angle (No. 138, Cor.) Hence 
BCA is the complement of C O 13, and HOB 
is also tlie complement of COB (COH=90®), 
tht'refore A C B and HO 13 are equal. 

''Hie depression is given in Table 8. 

20(3. Tlie Altitude of a terrestrial or celes- 
tial object above the S(‘a licriz(3U is the angle included between the 
line drawn from the eye to the object, and the line from the eye to 
the horizon. Thus, the angle MAB is the altitude of the summit 
M. The altitude here, in conscTpienca' of the great elevation of the 
spectator at A, about of tlie radius, or 330 miles, is less than the 
dip, or the snnimit M is really below th(‘ true horizontal line A H. 
This may take place when, from tlie small height of the object with 
ri'spc'ct to that of the observer, or its great distance, it is seen very 
little el(‘vat('d ; but in most eas(‘s A M will fall above A H. 

207. The i*ays of light which jiass from any distant object on the 
earth sulfer a change in their dirc^ction, which is calhal the terrestrial 
refractio?!, by which the object ap])ears in general higher than its 
true place. This etlect is, on the average, about of the intercepted 
arc, or distance in miles, which are minnt(?s ( 3 f a degreti verv nearly. 
Thus, an ol)j(*ct twcnty-eiglit mih's distant is raised about 2' above 
its true ]dac(?. The sea lioi izou is thus raised by refraction, or the 
apjiareiit dij) (Tahh; 30) is less tlian the true. 

This pro])urlion, however, is sul)j(!c.t to great irregularity, and 
varies betweiui ^ and of the intercepted arc. The a]>])arent eh'va- 
tions of tlie summits of high land are thus subject to great variations, 
dept uding on particular states of the air. 

208. 33ic ajiparcMit place of the sea horizon differs also in differ- 
ent temjieratures of the sea and air. \\ hen the sea is icarnier tluin 
t\\e air, t\\e horizon appears below its mean ])luce, or that at which it 
appears when the air and water are of the same temperature, or tlie 
ajiparent dip is too small; when the sea is colder t’laii llu^ air, the 
horizon appears above its mean place, or the apparent di}) is too 
great. 


* Admiral W. F. \V. Owen informs me that he found on one occasion, in observing a star’s 
ultitude, a change of 4 in the place of the sea horizon, in the tro})ics, soon after sunset. Mr. 
Fisher observed a variation in tlie place of the horizon of 18 ' in the arctie regions. In summer 
the ice horizon was elevated, not dejiri's.sed ; in the winter it was dejnessed several minutes. — 
{Appendix to Captain Parry’s Voyage \i\ 1821-3, p. 187.) I’hese observations, however, do 
*tot all follow' the rule above. A table for tH)rrecting the apparent place of the sea horizon for 
the diflference of temperature ol Mie sea and the air, according to the height of the eye, w’oul ’ 
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Colonel Sabine gives a table of depressions ooserved from tie 
gangway of H. M. S. Pheasant, at 15ft. lin. above the sea, in the 
Gulf Stream, and after leaving it.* On Dec. 5, 1822, hit. 36°^ ;N’., 
long. 72° J W., at 10^ a.m., the temperature of the sea being 70°, 
tliat of the air 60°, the dip observed by Wollaston’s dip sector 
was 4' 57", or 1' 6" more than the table. At noon the temperature 
of the water had changed to 62°*4, the aii at 60° as before, the ship 
having passed from the warmer water of the stream to the colder 
water of the rest of the ocean, and the dip o]>served was 3' 37". 
From the result of his observations. Colonel Sabine considers that 
tlie navigator will be right nine limes in ten in assuming that, when 
the sea is wai'mer than the air, the tabular dip is too small. In only 
one case, however, did this error ever amount to so much as 1' 56", 
tlie sea being tlien at 40°, and the air at 38°, or the ditference 11°; 
and it is important to remark that the error of the table is by no 
means proportional to the difference of these temjieratures, which in 
one case was no less than 20°. 

Numei'ous instances are on record, in the accounts of modern 
navigation, of errors of observation arising from variation in the 
place of the sea horizon. 

209. Besides the vertical effect of refraction above described, 
some instances have been recorded of a sensible change in the hori 
zontul direction of objects. Mr. K. B. Martin observed a change in 
the true direction of a point of land in the Azores, towards sunset. He 
also mentions an extraordinary change in the direction of C. Grisnez 
liglit as seen from Bamsgate at the close of a very liot day; on which 
occasion, also, distant objects were elongated horizontally till tncy 
seemed to sejiarate into parts. (“ Naut. Afag.” 1847.) 

Lieutenant Wilkijs observed from tlie summit of Mownalloa, the 
sun’s horizontal diameter lengthened out to twice and a half the ver- 
tical one. (“ Narrative of the United States JCxploring Expedition,” 
1838-42.) In the Survey of the Isthmus oUrchuantepec, under Senor 
G. Moro, in 1842-3, the refractions at San Mateo on the Pacific, 
“ especially the lateral ones,” produced the strangest illusions.^ 

210. The Tropics of Canckr and Capricorn are the parallels of 
latitude 23° 28' N. and S. Tln^se arc the dotted lines nearest the 
equator (fig. in p. 55). The sun is vertical at noon twice in the year 
to every jilace Ix'tvveen the tropics, and n(*ver to any jda^e outside of 
them. 


be; useful ; but there are scarcely any data for the construction of such a table, and the 
theory itself appears not to be complete. 

The above variation of the place of the apparent horizon, with mirage, refleeted images, 
and other optical illusions, were first discussed, generally as questions of unequal temperature 
alone, by M. Biot, Mem. de rin.stitut, 1809. ^ 

• Ac{;ount ('f Experiments to determine Uie Figure of the Earth. London, 182."), p. 454. 

'I* It is easy to (roneeive, that if a mass of air of different density from the rest be inter- 
posed between the spectator and the o))je(;t, and if also tlie sides or fac(;s which he looks 
through be not « v.'u;tiy p.irallel, it will have the effect of a jirism, and will seem to throw the 
object to the right or left of its true direction. If the surfaces are curved, the effect of mag- 
nifying or diminishing will occur at the same time. 
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The space between the tropics is called the Torrid Zone, on 
account of its heat. 

211. The Arctic Circle, or North Polar Circle, and the Ant- 
arctic Circle, or South Polar Circle, are parallels distant 23^^ 2H' 
from each pole, and are therefore in latitude 32'. These arc the 
dotted lines nearest the pole. Within taese circles the sun does not 
set during part of the summer, nor rise during part of the winter. 

The spaces within these circles are called the Frigid Zones, 
on account of the cold. 

The spaces between the tropics and the polar circles are called 
the Temperate Zones. 



CHAPTER IL 


Instruments of Navigation. 

1, 'I HE Compass. II. The Log and Glasses. 

212. The necessary instrmiicnts of* navigation are the Compass^ 
which shews the direction of the ship’s track; and the Log, which, 
witli the help of saiul-glasses for measuring small intervals of time, or 
a watch shewing seconds, gives the velocity or rate of the ship, and 
thence the distance run in any interval of time. 

I. The Co3[Pass. 

213. The Mariner’s Compass consists of a circular card, of which 
the edge or circumference is divided into 32 points, half-points, and 
*(uarter-points,^' and into 3(j() degrees. The lour ])rincipal ])()ints, 
or, as they are called, the cardinal points, are the Noi*th. South, East, 
and West; the East being towards the right when facing the North 



All the points of the compass are called by names composed of 
these four terms. 


In this work we enjploy only iialt and i|u:iri,rr When a more minute auuvhvitiiun 

is required, bearings and courses are exprcssc.d in degret^a. 
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The points lialf-way between two cardinal points are called after 
both of these points : they are the north-east (written N.E.); north- 
west (N.W.); south-east (S.E.) ; and south-west (S.W.). 

A point half-way between one of these last and a cardinal ])oint 
is called, in like manner, by a name composed of the nearest cardinal 
point and the adjacent point, N.E., N.W., S.E., or S.W. Thus 
the point between N. and N.E. is called north-north-east i^written 
N.N.E.); the point between E. and N.E. is called east-north-east 
(written E.N.E.); and so of others. 

The points next the eight principal points (namely, N., S., E.,\V 
and N.E., N.W., S.E., and S.W.,) take the word by between the 
name of such point and the next cardinal point. Thus the point 
next to north, on the east side, is called North by East; that on the 
West side is called North by West. Thus, on insj)ecting the com])ass, 
it is easy \o see the reason of the names E. by N., S.W. by W., (fee. 

A half-pointy which is the middle division between two points, is 
called after that one of its adjacent points which is either a cardinal 
point, or is the nearest to a cardinal point. Thus the middle division 
between N. and N. by E. is called north- //(^///’-east (written N. \ E.l 
Half points near N.E., N.W., S.E., and S.W., take their name from 
these points. Thus we say N.E. \ N., «and N.E. \ E., and N.E. by 

The same holds for a (ptarter and for three quarters as for a 
half-point. 

The name of the opposite point to any proposed point is known 
at once, without referring to the compass, by simply reversing the 
names or the letters which compose it. — Thus the opposite of N. 
being S., and that of E. being W., the opposite point to S.W. by S, 
is at once known to bo N.E. by N. Idie oj)posite of W. J S. is 
E. ^ N., and so on. 

214. Hepeating the points in any order is called boxing the 
compass; to do this is, of course, one of the first things a seaman 
learns. 

215. In becoming familiar with the points of the compass, the 
learner should bear in mind that their utility is far from being con- 
fined exclusively to navigation, and that in finding his way across a 
new country, or through the streets of a strange city, no impressions 
will be so distinct or so permanent as those grounded on the points 
of the com])ass. 

216. As the ship’s course, which is sometimes exjiressed in points 
and sometimes in degrees, is always reckoned from the north or 
south point, the seaman has to refer at once, in using tlie Tables, to 
the number of points ^ or degrees^ in any course given by name. The 


* In naminf' the half and quarter points it is advisable in some cases to sacrifice system 
to simplicity. Thus, for example, seamen commonly say NNE ^ E instead of NE by N 4 N ; 
We do not, however, say ENFj 4 thous^h this is simpler than E by N 4 N, since it is at 
once seen to be points. It would of course be more systematic, as a mutter of geometry, 
to reckon the half points always from N or S, because the ship’s course is reckoned from tlie 
meridian ; but, on the other hand, as a matter of names, regard will be had to the whole points 
between which it falls, and to the order in which these are taken. 
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following table, whicli exhibits the degrees, minutes, and seconds, in 
each quarter-point of the compass, will be convenient for reference : — 


N— E 


North. 

Nj E 
N ‘ E 
N 2 E 
N b E 
N b E » E 
N b E ‘ E 
N b E :i E 
NNE 
NNE I E 
NNE i E 
NNE i E 
NE b N 
NE »• N 
. NE i N 
NE i: N 
NE 

NE ^ E 
NE i E 
NEfE 
NE b E 
NE b E i E 
NE b E E 
NE b E I E 
EXE 

EbNfN 
E b N i N 
E b N I N 
EhN 
E ^N 
E i N 
EiN 
East. 


N— \V 


North. 

Ni W 
N i W 
N i W 
N b W 
N h W ] W 
N b \V i VV 
N b W W 
NNW 
NNW 4 \V 
NNW » W 
NNW a W 
NW b N 
NW } N 
NW i- N 
NW -I N 
NW 

NW \ W 
NW W 
NW I W 
NW b W 
NW b W i W 
NW b W i W 
NW b W I W 
WNW 
W b N f N 
W b N i N 
W b N 4 N 
WbN 
W I N 
W * N 
W 4 N 
West. 


S- E 

South. 

S 4 E 

s h 
s :] E 
S b E 
8 b E 4 E 
8 b E 4 E 

s b E 2 1 ^: 

SSE 

SSE 4 E 
88E 4 E ' 
S8E 2 E 
SE b S 
SE 2 S 
SE 4 S 
SE 4 s 
SE 

SE4 E 
SE 4 E 
SE i- E 
SE b E 
SE b E 4 E 
SE b E 4 E 
SE b E 2 E 
E8E 

E b S I S 
E b S 4 S 
E b S 4 S 
E b S 
E 1 S 
E 4 S 
E4 S 
East. 


S-W 


South. 

S4 w 
s 4 w 
s 2 w 
S b w 
s b w 4 w 
s b w 4 w 

8 b W -2 W 
88W 

88W4 W 
8SW 4 w 
S8W 2 w 
SW b s 
sw 2 s 
SW 4 s 
SW4 s 
sw 

SW4 w 
sw 4 w 
sw I w 
SWb w 
sw b w 4 w 
sw b W 4 w 
sw b W I W 
wsw 
w b S 2 s 
W b S 4 s 
w b s 4 s 
W b s 
w 2 s 
w 4 s 

W4S 

West. 


Pts. 

0 / .t 

i 

2 4.8 4*. 

4 

5 37 30 

2 

8 26 15 

I 

1115 0 


H 3 45 

^4 

16 52 3c 

I 4 

19 41 15 

2 

22 30 0 


25 18 45 

^4 

28 7 30 

2‘^ 

-64 

30 56 15 

3 

33 45 0 


36 33 45 

34 

39 22 30 

32 

42 11 

4 

45 0 0 

4 l 

47 48 45 

44 

50 37 30 

4 l 

53 ^6 15 

5 

56 15 0 

5 i 

59 3 45 

54 

61 52 3c 

52 

64 41 IS 

6 

67 30 0 

H 

70 18 45 

H 

73 7 30 

62 

75 56 15 

7 

78 45 0 

7.1 

81 33 45 

74 

84 22 3c 

72 

87 11 IS 

8 

90 0 0 


*217. The card is laid on a magnetic needle, wliicli Is a small 
steel bar, magnetised, tlie north point being attached to the nortli 
end or pole of the needle. The whole is then balanced on a sliar)) 
pin or pivot rising from the bottom of a brass howl, and covered 
with glass. The bowl having a weight fixed to it below, is placed in 
qimhah^ which are brass hooj)s or rings, each turning upon two 
pivots at opposite points of the hoop next greater in size; by this 
means the loaded bowl remains nearly horizontal during the con- 
fused and irregular motion of the ship. The bowl being then in- 
closed in a square wooden box is placed in the binnacle (a turret- 
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flhapecl case fitted with panes of glass and a lamp) and constitutes 
tlie Steering Compass.* 

218. The helmsman steers the ship so that a line parallel to the 
keel passes over tlie centre of the card, and tlie point prescribed as 
the course. Care is taken to place the box so that luhhers 'point in 
the bowl, and the centre of tiie card, are in a line fore and aft, or 
parallel to the keel. But as lubber’s point deviates a little from its 
proper position wlien tlie ship is heeled over, seamen do not implicitly 
depend upon it, as indeed the name implies. 

219. The Azimuth Compass is a compass of superior construc- 
tion, particularly adapted to observing bearings. It is mounted on 
a stand, and is fitted with vertical sight varies^ for the purpose of ob- 
serving objects elevated above the horizon. In one of these vanes 
there is a long and very narrow slit, and in the other is an opening 
of the same kind, but wider, and having a wire up and down the 
middle of it, exactly opposite to the slit. 

220. In the Prismatic Compass the divisions of the card are read 
by reflection, at the same time that the bearing itself is taken. This 
compass, which is usually constructed with delicacy, is a very superior 
instrument. 

221. In observing bearings on board ship the card should never 
be stopped, but two or more bearings being read oft* as rpiickly as 
convenient, the mean should be used ; for, as the vessel, and conse- 
quently the compass card, have always some motion, the card may 
not be stopped exactly at the middle of its vibration, which, as it may 
be su])posed to vibrate equally on both sides of the line of direction 
of the object, is essential to the true result. (See also No. 239.) 

1. Adjustments of the Compass. 

222. (1.) The direction of the magnetism of the needle, or the 
magnetic axis, should coincide with a line along the middle of the 
needle itself, otherwise the needle will not point exactly to the noi th 
and south. This adjustment is examined by reversing the lu'edle on 
the card. If after this reversion the N. and S. ])oints of the card 
are also found to be reversed, the adjustment is good. An error of 
this kind, however, which obviously affects all points of the compass 
alike, is included in the variation of the ])articular compass, as Ibiind 
by direct observation, and therefore need not be made the subject of 
a special examination. 

(2.) The pivot must be in the centre of the graduated circum- 
ference of the card. If it is not, the dift'erence of bearing between 
two objects will not be the same when measured on different parts of 
the edge. This adjustment is generally good. 


* The compass, in order fnlly to answer its purpose in ships at sea, is required to com- 
>nie many different qualities, aiul individuals are continually suuipjestiuii; plnns to remedy its 
imperfections. In 18117, the Lords Commissioners of the Admiralty appointed a Committee 
fd Scientific Officers, and other gentlemen, well acquainted with magnetism, to eonsider the 
of ship’s compasses ; and the Committee constructed a comj>nss which is used as the 
•^taiulanl in the Navy. 
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(3.) The line of sight of the Azimuth Compass, that is, the line 
joining the slit and the wire opposite, should pass over tlie pivot. 

This condition is examined by noting carefully the bearing of a 
distant object, and then turning the compass half round, so as to 
reverse the vanes. The observation should then be repeated with 
another object eight points from the first. If the bearings, taken 
directly, are not identical with those taken by reversion, the mean 
of two such bearings must be employed every time the compass is 
used. 

(4.) The sight vanes must be vertical. 

This can be examined only on shore, by observing whether the 
wire coincides throughout its length with a plumb-line, or any ver- 
tical edge. When this adjustment is not perfect, or when the bowl 
is not maintained in a strictly horizontal position, bearings are most 
correctly obtained when the object is low. 


2. Variation of the Magnetic Needle. 

223. The needle points to the magnetic nortli, which in few parts 
of the world agrees with the true north: the ditterence between them 
is called the variation of the compass. 

The variation is named easterly when the north end is drawn 
towards the east of the true north, and westerly when drawn to the 
westward. 

The variation is different in ditferent places. It is constantly 
though slowly changing, and becomes alternately east and west. It 
also changes 10' or 15' at different times of the day. 

224. To correct compass courses and bearings for variation. 

The manner of doing this appears thus. Bupj)ose one compiss 

card to be pLaced directly over another, and the lower one to be true. 
Now suppose the north point of the upper comj)ass to be drawn two 
points to the right of the true by easterly variation, then the North 
point of the upi)er or magnetic compass corresponds to N.N.I^. of 
the true compass, which point is to the right of N., and the South 
point corresponds to S.8.W, of the true compass, to the right of S. 
and so on. The contrary w^ould take place with westerly variation, 
hence to correct a magnetic course or bearing we have this rule. 

Rule. When the variation is easterly^ right of the 

compass course or bearing; when westerly^ ^PP^y to the left, looking 
from the centre of the card over the j>oint to be corrected.* 


Ex. 1. Course by compass, S. | W. ; va- 
riation, p«)iiits east(;rly. 

TitiJE Course, 2 \ ptjints to the rij^ht of 
S. ^ W., or S. 3 points W., or S.W. by S. 


Ex. 2. Course by compass, N. by E.; va- 
riation, 2 points westerly. 

True Course, 2 points to the left of N. 
by E., that is, N. by W. 


* The learner may use two small circvilar cards (the lower one being the larger) on the 
same centre, as a pin or a knot, with the points and degrees marked on their edges. The 
lower one being considered the true compass, and the upper one placed' according to the 
▼ariution, any course by compass on the upper card is at once read off, corrected, on the 
lower one. 
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Ex. 3. Course or bearing by compass, Ex. 4. Cciurse by compass, S. 4° E.; va- 

N. 84'' U. ; variation, 19'^ W. 1 nation, i7‘^ E, 

TnuK CouRSK, N. 65° E. 1 True Course, S. 13'^ W. 

225. To reduce a true course or bearing to the compass course or 
bearing, apj)ly tlic variation tlie contrary way to that directed above. 

Ex. 1. True course, N.E. by E. ; varia- Ex. 3. True course, North; vanation 

tion, I point easterly. 18'^ easterly. 

Course iiy Compass, N.E. Course by Compass, N. 18° W. 

Ex. 2. True course, E. ^ N. ; variation. Ex. 4. True course. West; variation^, 

1 5 points westerly. 21° westerly. 

Course by Compass, E. by .S. Course by Compass, N. 69° W. 

3. Dip of the Needle. 

226. The needle, on being magnetised, not only deviates from the 
direction of the true meridian, as already described, but, though 
balanced before, no longer remains horizontal : the north end dip- 
ping in north magnetic latitude, and the south end in south magnetic 
latitude.* 

This deviation from the horizontal line called the dip, is different 
in different places, and, like the variation, undergoes slow changes. 
Its diurnal change is not perceptible. + 

227. The horizontal position of the needle and card is preserved 
by a sliding brass weight fitted for the purpose, or by dropping seal- 
ing-wax on one end of the needle. This adjustment will often require 
to he repeated after a considerable change of place. 

228. Magnetic needles act upon each other ; thus, the nortli pole 
of one attracts the south pole of the other and repels its north polo; 
hence, when the ship's head is north, the binnacle compasses, if 
brought side by side, will agree, each pole of one repelling the same 
pole of the other equally. When the ship’s head approaches the 
east or wx'st, they will disturb each other, the nearest poles attracting 
each other ; as they affect each other equally, they still agree, both 
being wrong. The effect produced depends of course on the length 
of the needles. By an Admiralty order of Nov. 20, 1845, compasses 
are not to be brought within 4 feet 6 inches of each othcr.J 

220. Magnetic needles, when not suspended, sliould be kept about 
a quarter of an inch apart, by jiieces of cork, with the north pole of 
one against the south pole of the other; because thus the magnetic 

* The magnetic latitude is reekuned from the uiaj^iietie e(|iiatnr, on wliieli the dip is 
nothing, or when the needle is horizontal. The ina^iietie equator is .an irregidar curve, not 
*’oinciding throughout with the eartli’s eejuator, and eonsetjuently the magnetic latitudes do 
not eorrespond every wliere with the common or astronomical latitudes, from which they 
differ at some points 13'^ 

t The magnetic needle is also liable to be affected by sudden changes in the direction and 
intensity of the magnetic intluence. On Sept. 2.')tli, 1841, at Greenwich Observatory, the 
needle was observed to change its position more than 2'^ in eight minutes of time, and similar 
effects were observed at other places ; such disturbances are ealled magnetic storms. 

Uightning has been known to disturb the compass ; in some cases it has reversed the poles 
of the needle. 

It is accordingly recommended, when the wheel is small, to employ one binnacle aompaaa. 
^idy, placed a ..midships. 
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intensity will be preserved ; but when like poles are laid together 
the magnetic power is impaired.* * * § 

4. Local Maijiietic Deviation. 

[1.] General Effects of the Iron in the Ship on the Compass. 

230. Since all iron acts upon the magnet, the compass in every 
ship is more or less affected by the iron in her construction, fittings, 
and cargo.'l- In meii-of-war, the guns, tanks, shot, &c., and in 
steam- vessels the funnel, engine, and paddles, produce a greater dis- 
turbance of the needle than in other vessels. In merchant-vessels 
the effect is less considerable, although, from the quantity of iron 
introduced of late years into ships, it may be inferred to be in ge- 
neral greater than it was formerly. In iron vessels the compass, as 
commonly fitted, is nearly or altogether useless. J 

Diagonal wrought-iron riders, for strengthening the sides, are 
found to be capable of producing as much deviation as if the vessel 
were altogether of iron; and Capt. Johnson, in his valuable work, 
p. 55, recommends that, when indispensable, they should not be al- 
lowed to come within twenty feet of the compass. A temporary col- 
lection of arms in the neighbourhood of the compass, though on the 
deck below, and the iron spindle of the capstan, have disturbed the 
needle ; and the Gem schooner is reported to have run ashore near 
Poole, from shifting the chain cable for the purpose of trimming. 
Tin-plate lining has been asserted to have become magnetic. (Naut. 
Mag. 1844.) 

^Vnother cause of error in the needle is the use of iron nails or 
screws in tlie compass-box or binnacle, as also putting articles of iron 
into the drawer of the binnacle. § 

231. When the coinj)ass is thus disturbed, it becomes impossible, 
not only to keep a correct reckoning, but to steer the compass course 
directed, and to bring marks and buoys on the prescribed compass 
bearings, for the purpose of entering channels, or avoiding dangers. |1 
Moreover, the variation, found by any observation whatever, wdll not 


* The careless treatment which compasses sometimes meet with, when not in immediate 
ase, arises most ])robably from iirnorance of these cdnmm stances. 

f Bain (“Essay on the Variation of the (annpass") ejuotes from a morning paper an 
account of a ship from Bristol to Milford Haven, laden with iron, in wliieh the course hy 
compass differed two or three jmints from the proper course, from the effe(;t of the iron.— 
p. i:i2. 

X In the Onyx iron steam-vessel, when her head was North, correct magnetic, the binnacle 
compass shewed 8.E. (“ Practical Illustrations of the Necessity for Ascertaining the Devia- 

tions of the Compass," by Capt. E. J. Jolmson, li.N. F. ll.S., Tjondon, 1817). Mr. Airy, 
the Astronomer Royal, has suggested a plan for removing the overpowering effect of the iron 
of these vessels upon the compass. 8ee No. 2r)7. 

§ In ord'^r to insure a proper examination oflhe, effects of local attraction in her Ma- 
jesty^s ships, the Lords Commissioners of the Admiralty, in 1 812, appointed a naval officer 
(Japt E. J. Johnson), as sup(*'rintendarit of the Compas.s Department, whose duly it is to 
«wing every ship as she is reported ready for sea. Tliey also established a magnetic ob- 
servatory at Woolwich, in which all the coiiipasse.s used in the navy are examined, and which 
is under the charge of the same officer. In 184G, another offieer (Commander Strange) was 
appointed as.-5istant to Capt. E. J- Johnson. 

il Sir John Ross found the t ompasscs of the Isabella and Alexander to differ Iff before 
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DC that proper to the particular place on the surface of the earth, 
but as the needle happens to be attected at the time of observation. 

232. The elfect of iron upon the comj)ass, generally speaking, 
appears to be the same as if it attracted that end of the needle which 
dips : thus, in north magnetic latitude, it attracts the north pole ; in 
south magnetic latitude, the south pole. 

Since, in general, on board ship, there is more iron before the 
needle than abaft it, in north magnetic latitude the north end is 
usually drawn towards the ship’s head, and in south magnetic latitude 
the south end. 

The compass may, however, be so placed as to have the general 
effect of the iron abaft instead of before it. This has been found to 
be the case in several iron steam-vessels, in which, when the vessel’s 
head was W. (in N. magnetic lat.), the N. point of the needle was 
drawn to the eastward. It may also be the case when near an 
iron tiller, a situation which, however, is very objectionable, as the 
tiller, in passing from side to side, produces ditferent effects on the 
compass. 

233. The effect of the iron depends on the extent of its surface, 
and not uj)on its mass or solidity. 

The action of magnetised iron differs considerably from that of 
iron unmagnetised, and depends on the pole which is presented to 
the needle. 

It is j)roper to remark, that the action of common or iinmag- 
netised iron upon the needle increases as the distance from tiie 
needle diminishes, but in a much more rapid ])roportion : for in- 
stance, if tlie distance from the needle be diminished to one half, the 
force or action will be increased four times ; if the distance be 
doubled, the force will be four times less, the action being inversely 
as the square of the distance. Hence the compass is much more 
affected by small changes in the quantity or position of the iron near 
it, than by much greater changes at a greater distance. 

234. The deviation of the needle from the magnetic meridian is 
called local deviation,^ 

[2.] Distribution and Amount of the Local Deviation. 

235. Since, in gCTH’ral, the iron is nearly equally distributed on 
both sides of a ship, the c('ntre of its total action iqmn a compass 
jdaced amidshi])s will itself he nearly amidships; hence, in general, 


they reaeljcd Greenland, so tliat it became impossible to keep the ships on parallel courses by 
the com])ass. 

Mr. King, commanding II.M.S.V. Alban, states that, after leaving the Longships for the 
Tuskar, he found himself close to the Soutli Bishop. (“ Practical Illustrations.”) 

Lieut. E. Keane found the compass of H.M.S.V. Merlin ditfered Irom i to | of ^ point 
in the bearings of the beacons near the mouth of the Mersey. 

Mr. Emerson, commanding II.M.S. Packet Urgent, has known steam-vessels at anchor 
more than twenty hours oif the port of Liverpool, not having been able to make the light. 

* The term local is proper, because the needle is dift’erently affected in different jiarts of 
the same ship, and in different places on the earth. The ileviation is sometimes c alled local 
^ttractionj but the attraction is the cause, and the deviation is the effect, which ah*ne is 
^inocrned in the practi< al result. 



72 


NAVIGATION. 


when the ship’s head is north or south magnetic, the local attraction 
and the terrestrial magnetism act nearly in the same line, and the 
local deviation is nothing, or at least small. 

In small vessels, however, the iron davits disturb this result, and 
in steam-vessels the points of no deviation are scarcely ever N. 
and S. 

‘236. When the sliip’s head is between N.E. and S.E., or between 
N.W. and S.W., magnetic, the local deviation is in general the 
greatest ; but its extreme value does not necessarily fall at the east 
or west point (true magnetic), and, therefore, it may seem to take 
place at the east or west, or not, according to its quantity. 

237. The local deviation is greater as the dip is greater, and 
varies in men-of-vvar in our latitudes from 29 to 8® or more, and may 
accordingly amount to 30® where the dip is 80®. In low latitudes it 
is scarcely sensible."^ 

238. It is evident that the local deviation, from the way in which 
it is produced, must be dilferent at ditierent parts of the ship. Capt, 
Johnson, p. 23, remarks that the maximum deviation of an iron 
vessel, which amounted to 28® at the binnacle, was reduced to 4 ^^ at 
20 feet above the deck ; and at a stage near the gaft‘it was least of 
all. In general, it is found that elevating the compass diminishes 
the deviation, 

239. It may happen, accordingly, that some point may be found, 
on the deck or above it, where tlie local deviation is nothing or very 
small, and where, therefore, a compass being ])laced, would shew cor- 
rect magnetic bearings. A compass in this position would become a 
standard; and the deviation of the steering or binnacle compass would 
be. at any time determined by comparison with it. 

240. A change in the trim of tlie ship, or an inclination to citlier 
side, produces a corresponding change in the local deviation. The 
effect due to the inclination of the ship under sail is greater as the 
deviation itself is greater, and although very small in many cajses, 
it rarely disappears altogetlier.i' 

[3.] Change of Place of the Ship, 

241. While the ship remains in the same magnetic latitude, that 
is, whilst she preserves the same dip of the needle, she may be ex- 
pected to preserve the same quantity of local deviation; provided, of 
course, that no change takes place in the disposition of the iron on 
board, especially of that near the compass. 


• Capt. Johnson gives, at p. i’J, a table of deviations observed on board fifteen ships of 
war, from 120 guns downwards. The three-deckers shewed from 2° to 4"^^ ? two-deckerd 
about»the same ; and the rest from 1° to 5"'. Steam-vessels (p. 21) shewed from 12'^ to 25'^. 

t In the Isabella, in which the local deviation was ohstn ved by Capt. Sir J. lloss and Col. 
Sabine to be‘ 5 in Brassa Sound, Shetland, where the dip was 74^ north, and which is one 
of the vessels cited by Mr. Barlow (“ Essay on Magnetic Attractions^'), an inelination of 
to either side would have produced an error in the lo(;al deviation of more tlian 1° at north 
and south; and, in like manner, would have caused an error of 2' in the deviation oh. 
served at east and west. In the St. Vincent, 120 guns, s(;arcely any difference was produce.l 
in the local deviation, during swinging ; but the Recruit and the Bloodhound, both iro^’ 
vessels, shewed considerable effect. 
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When the dip is reversed, which takes place on the ship ar- 
riving in south magnetic latitude, the local deviation takes place in 
tlie opposite direction. 



Fiy. 1. Fiy. 2. Fiy. 3. Fiy. 1. 


In N. magnetic latitude, fig. i, the ship’s head A is N.E. (correct magnetic). The iron in 
the ship supposed to be collected in the fore part, as at i, draws the N. point of the needle t(i 
the right, to N', as for ex., 4 point; her head, by compassy is therefore N.E. 4 N., or the 
local deviation has thrown the magnetic bearing to the left. 

Again, in fig. 2, the ship’s head is S.E. (correct magnetic), the N. point of the needle 
being drawn towards A, the course by the compass is to the eastward of S.E. or the local 
deviation has thrown the magnetic bearing to the l(ft. 

In S. magnetic latitude, fig. 3, the ship’s head is N.E , the south end of the needle being 
drawn towards A, the ship’s head, by the compass, is to the eastward of N.E. , or the local 
deviation has thrown the magnetic bearing to the riyht. 

In like manner, in fig. 4, tlie ship’s head S.E. appears by the compass less than four points 
from S., or to the riyhty in consequence of local deviation. 

In the western tlivision of the compass in N. mag. lat. the local deviation in like manner 
would be seen to throw the magnetic bearing to the riyhty and in S. mag. lat. to the left. 

It must be borne in mind, however, that we have conshlered here the efiect of the wwmag- 
netised iron only. 

242. When the dip increases, the local deviation, generally 
speaking, will increase. When the dip decreases, the local deviation 
will, in like manner, decrease; and when the dip is 0, it may be 
cxj)ectc(l to disappear altogether. 

Jhit if ])art of the local deviation is due to permanent magnetism 
in any of tlic iron, the local deviation will not change in a corre- 
sponding manner ; and it will remain after the dip has become 0. 

[4.] Chany es produced in Time, 

24.3. It appears, however, that the deviation does not change its 
character immediately on passing the magnetic equator, hut that 
tune is required for the establishment of the new etlect on the iron. 
(See the “ Voyage of Sir Jas. C. lloss.’’)* 

244. Iron, after remaining long in one position, becomes mag- 
netic; that is, it has, like the needle, a north and a .sontli pole. 
1 he lower end becomes that pole or end of the needle which dips. 

the magnetic equator, where the magnetic force is horizontal, 
the north end becomes the north pole, ilius bars, arms, iron spin- 
dles, plates, (fee., in time become magnets ; and altliough perhaps not 

i., ij of Discovery and Research in the Southern and Antarctic Regions. 1839-43, 

"1 H.M.S. Erel.us and Terror.” 
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strong enough, if coarsely suspended, to point north and south, yet 
they acquire sufficient force to disturb the compass-needle.* 

Iron, which has become magnetic by position, will change its 
magnetism in different hemispheres. 

As the time necessary for a piece of iron, in a given fixed position, 
to acquire a given magnetic intensity, is not known, it is impossible 
to determine witli certainty the changes which the magnetism of the 
iron jn the ship’s construction, or fittings, may undergo from the 
change of her station. 

245. If the iron in the ship were unmagnetised, that is, if no part 
of it possessed polarity^ like the needle, it would be easy to adapt the 
local deviations observed in any one place to any other place, by a cal- 
culation. But, in consequence of the polarity of particular portions 
of the iron, various irregularities are introduced ; the local deviation 
does not vanish at the N. and S. points; that of the western division 
of the compass does not correspond to that of the eastern, as is par- 
ticularly conspicuous at the points of maximum deviation ; the effect 
of the inclination under sail is not the same as it otherwise would be, 
and is often different, according to whether the ship is heeled to 
starboard or to port also tlie change of local deviation does not 
correspond to the mere change of dip (No. 242); and, moreover, the 
action of tins iron on the compass is always undergoing change. 

Hence, if a correct account of the local deviation is to be kept, 
the ship sliould be swung from time to time, even if she docs not 
change her magnetic latitude; and whether the deviation is strictly 
determined or not, azimuths and amplitudes should be frequently 
observed at sea, as an indispcnsalile ciieck on the compass. 

[5.] Local Deviation irroUnced hij the Shore, 

246. Considerable caution is necessary in employing bearings 
taken in the neighbourhood of metallic ores, and near the shores of 
volcanic countries. 

* An iron bar, or rod, may be converted into a ma<]jnct by holding it in the direction of 
the dipping needle (which, for example, in Ijondon, is dirc.ctcd to a point 70'^ below the mag- 
netic north point), and striking on the end of it several smart blows with a hmniner. The 
shocks produce quickly that polarity which would otherwise establish itst lf iu time. 

f In II.M.S.V. Bloodhound, built of iron, when heeh*d S" to with her head N. by 
compass, the local deviation, whieh was 1"^ W., changed to 4^ 30' ; and whi'ii heeled S to 
starboard, it changed to 0^’ 27)' E. 

X In the Shetland Islands Mr. Thomas found, in 1828, the \ariation 28'^ \V. at Burgh 
Hall, and 31°f E at llaminersness, only half a mile distant. Capt. \V. F. W. Owen remark^,, 
that at Kingston, Ujjper Canada, the variation was 5^ on one side of his house?, and 22 on 
the other. On the C. Verd Islands the variation differed in different j)laccs. (“ Naut. Mag." 
1810, p. 293.) At Chusan, Commander Colliusoii states the variation on the N. side 1*^ h/ 
W., and on the S. side 2 33' E., and six miles to the northward 0° 43' E. He observes 
also that the specimens of the soil collected at the several stations do not indicate any cause* 
for these differences. (“ Naut. Mag." 1842, p. 192.) 

Capt. Bayfield has found the compass affected to the extent of some degrees in the River 
St. Lawrence. (“Sailing Directions for the Gulf and River St. Lawrence," by Capt. IL "VV. 
Bayfield, R.N., 1837, p. 4.) 

Sir Jane s Clarke Ross found great local deviation at the island of Trinidad, where two 
dipping nc!*die.s, though nearly (?lose together, differed 3^ both iu dip and variation. When 
at anchor at St. Helena, the effect of the rock^ w'as so great as to mask that of the iron in 
the ship ; and in pas.sing Shoe Island (Aucklands) at the distance of fifty feet, the compassw 
were deflected two pf)ints. 
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[6.] Magnetic Variation and I.ocal Dcmationj separate and combined. 

247. When any bearing is taken on board sliip, or vvlienevcr the 
direction of the ship’s head is noted by compass, the point of the 
compass read off is aftectfMl, as already remarked, by }>()th' the 
magnetic variation and the local deviation.* (No. 223 230.) 

The correction necessary to remove tlic combined result of these 
two, or their joint effect, we call the entire correction^ which is thus 
the correction proper to reduce compass to true bearings at a single 
step. 

The entire correction is, accordingly, the angle between the true 
N., and the N. point of the compass employed. 

248. The entire correction is immediately found by comparison 
of the observed bearing with the true bearing; and is thus the first 
thing deduced when reference is made to true bearing, as, for ex- 
ample, to observations of amplitudes and azimuths. 

When both the entire correction and the variation are known, 
the local devialion is found, being the difference between the correct 
magnetic bearing and the observed ])earing. 

249. A compass course or bearing is, therefore, reduced to th.e 
true, either by applying at once the entire correction, or by applying, 
first, the local deviation, and, second, the magnetic variation. 

It will be borne in mind that in east deviation the N. point of 
tlie needle is drawn to the easttvai'd of north (conwt magnetic); 
and in irest deviation, to the westivaid of north. The local deviation 
is treated thus as another variation (No. 223). 

Kx. The ship’s head being N.E. by compass, the variation is observed two points 
easterly. Tlii.s is llu* c'ntirc correction for this compass course, and for all bearings taken in 
lliis (liroction of tho, ship’s head. 

Suppose the magnetic; variation to be points K., or the loc^l deviation a point E. ; 
iluai 4 a point applied to the right of N.E. gives N.E. .4 E. the correet inagnetu- eonr.se.f 

Again, suppose it is recpiired to steer N.E. correct magnetic;; 4 ^ point applied to the 
letL of N.E. gives N.E. 4 N. tlie course by eoin])ass. 

250. As questions involving both variation and local deviation 
are often, in practice, attended with considerable ])orploxity, and as 
a mistake may be of serious consequence, we shall give two examples 
ill iinI rated by figures. 

Ex. 1. The ship’s head is E.S.E. by a compass in the after-part of the ship ; an object 
in the direction C A, which bears S. 47"^ W., true, bears by the same compass S. 61'^W. ; the 


* Part of the trouble, eom]>lexity, and chance of mistake, attending the a]>plication of 
two corrections, would be obviated by correcting the compass itself for magnetic variation, 
the card being fitted to turn through an arc eastward atul westward, accordingly. The local 
deviation, changing with the direction of the ship’s head, could not, generally, be thus 
allowed for ; but even this would be practicable in sailing-ships making a passage with a fair 
Wind, and in steam -vessels. 

The plan (wliich is, as I am informed, practised by the Dutch) would require, of course, 
constant vigilance, as the saftdy of the shir would depeud on the proper correction being 
lade. But with care, and etiiecially in a snip where a second compass is employed, no 
^l^ould attend it. 

t This term, used by Cnpt. Johnson, is julopted in preference to “ true magnetic.” 
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▼ariation is 21° W. Required the amount of the entire correction, that of the local deviation^ 
and the end of the ship towards which the N. point of the compass has been drawn. 

The ship is supposed to be upright. 

Draw the meridian N S, take C the centre of the compass, 
and draw the magnetic meridian N'CS', N' being 21° W. of N. 

Lay oft' the true bearing of A, or S C A 47®. 

The compass shews S. 61*^ W. ; the entire correction is, 
therefore, 6i'^— 47"^ or 14°, which is obviously to be applied to 
the lefti in order to reduce S. W. to the true bearing S. 

47° W.. 

Kow the correct magnetic bearing of A, or S'C A, is the sum 
of 47** and 2 1°, or S. 68 ' W. ; hence the compass bearing S. 6 1‘^ W. 
shews a eocal deviation of 

Lay off' from the object A the observed compass bearing 
ACS" 61° (and, if required, the direction of the ship’s head); 
then it is evident that the south point S" of the compass em- 
ployed has been drawn from S' towards A, or the north point, from N' towards the part of 
the ship before the compass, where, therefore, the greater portion of attracting iron is placed. 

The needle being pulled 7“^ to the eastward, this amounts to 7" of easterly variation, and 
is applied as such, or to the right of the compass bearings. 

The compass course E.S.E. (or 67 ') may, therefore, be reduced to the true, either by 
applying the local deviation 7'^, which gives 60 ' (the correct magnetic) and (uirrecting this for 
variation 21° VV. which gives 81'', or by applying at once the entire correction 14 to the left 
of 67°.* 

The letter N' is read N dash; S" is read S two dash. The first dash (in these figs, in 
which three kinds of bearings are exhibited) denotes the bearing as affected by the earth’s 
magnetism or ordinary variation ; the second dash denotes the magnetic bearing as still 
lurther disturbed by the ship’s iron. 

Ex. 2 . The ship’s head is W.N.W. by a compass forward ; an object A, S. 70® W. true, 
bears by compass S. 79® W. ; the variation is 2® E. 

Draw the two meridians, and lay off A, S. 70® W. 

The compass bearing of A, or 8" C A, is S. 79^ W., and the 
ENTIRE CORRECTION is <) ' ; the reading 79° being to the right of 
70°, the N. point is drawn to the left, as for W, variation. 

The correct magnetic bearing of A, or S'CA, is 70^ — 2®, or 68°, 
the diff'erenee of 68 ' and 79° gives the local deviation i i°. 

Lay off from A, A C 8" 79°; then the S. end of the needle 
has been drawn to the eastward, which cff'e<*t, unless there is a 
ma.ss of iron very close to the needle, will be due to the iron 
abaft it. 

The N. end of the needle having been thrown to the we.stward, 
the local deviation is treated as a westerly variation. 

The course N. 67° W. corrected by applying the entire cor- 
rection 9^ to the left, is N. 76° W. Or, N. 67^ VV. applying 
11° to the left, and 2'“ to the right, becomes N. 76° W. 

Ex. 3 . The ship’s head by the binnacle compass is E. b N. ; Portland lights arc seen in 
a line bearing N. 32° W. ; the variation 24^ W. 

Their true bearing, Table 10, col. (i) 4, is N. 53® W. ; the entire correction 21° W. 
and LOCAL deviation 3'’ easterly. 


N 




[ 7 .] Methods of Detormining Ihc J^ocal Deviation, 

251, The existence of local deviation is detected by watebinpj tlic 
bearing of any distant object during tlio swinging of tin? ship at Iht 


* lids last process, which refers to the entire correction alone, without deducing the loi '^l 

deviation at all, appears to me the best for practice, as the most obvious, simple, and dircfb 
The entire correction, being found directly in all observations at sea, is exempt from all con- 
fusion and obscurity in the application to the right or left, and therefore not expo.sed to 
mistakes, to which the local deviation is especially liable when the magnetic variation is so 
small as to be masked by it. At the same time it is incumbent on me to state that such is 
not the o)»inion of several offit^ers well acquainted with magnetism, who maintain that the 
local deviation should be in all cases made a separate matb'.r of consideration. 
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anchors. The ohjcct should be so far ofl‘, tliat the ship’s change of 
place will not alter its bearing more than a degree or two. 

The amount of the local deviation may be ascertained by one 
of the following methods : — 

252. Method 1. By the bearing of an object a few miles distant. 

Find by means of the chart, or by an astronomical bearing (Naut. 
Astron. chap, viii.), the true bearing of the object. Reduce this to 
ihe magnetic bearing by applying the variation. The variation should^ 
if possible, be determined by observation with the particular compass 
employed, on shore, or it may be taken from the chart. 

Note the bearing of the object as the ship’s head comes to the 
several points of the compass in succession during lier swinging. 
The difference of the observed and the correct magnetic bearing, at 
any particular instant, is the local deviation corresponding to the 
])ositiou of the ship’s head at that instant, as is seen in the following 
example, modified from that in the “ Nautical Magazine,” 1837. 
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N. 19 E. 


2 W. 

E.N.E. 

N. 13 E. 


4 K. 

w.s.w. 

N. Z2 E. 


5 

EiiSt. 

N. 12 E. 


5 E. 

West. 

N. 24 E. 


7 W. 

E.S.E. 

N. 9iE. 


l\ E. 

W.N.W. 

N. ;i5 E. 


8 W. 

S.E. 

N. 10 E. 

... 

7 E. 

N.W. 

N. 23 E. 


6 W. 

S.S.E. 

N. 13 E. 


4 E. 

N.N.W. 

N. 204 E. 


34 W. 


It is evident when the ship’s head is north, in the above, and the bearing observed is. 
N. iS"’ E , that the north end of the needle is pulled to the westward i°. Again, wlu*n her 
head is S.E. the observed hearing N. lo'" E. sluwvs the needle to he pulled to llie eastward 7"^, 
Tlie deviation is applied to the compass course by the common rule, No. 22 .' 5 . 

Ex. 1. Course S.W. b W. by compass : find the correct magnetic course. 

AVith the ship’s head S.W. b W. the local deviation is between and 5°, or 4° W. about, 
winch applied to the left of S. 56^ W. gives S. 52"" W. courect magnetic. 

Ex. 2. A cape ahead bears S.E. (comp.); find the correct magnetic bearing. 

The local deviation E. applied to the right of S. 45^ E. gives S. 38" E. 

Ex. 3 . Course N. b E. by compass. The local deviation is between W. and 1° E. or 
o ; or the course is correct. 

These arc the local deviations of the compass coiTCspondlng tr* 
fbe place where it stands, and to the lieigbt of the needle above the 
deck. 

253. Method 2. By the bearing of a distant mountain. 

This method is the same as No. 252, except that the true bearing 
of the summit must be computed (Naut. Astron. ebaj). viii.), iusteatl 
ot being taken from the chart, because the chart docs not shew truly 
tlie bearings of distant objects. 

254, Method 3. By the bearing of two lights or other objects in 
a hue. 
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Wlien a ship passes two objects of which the relative bearing is 
known, an opportunity is afforded, while they ap})ear in a line, of 
coiiiparing tlie bearing with that shewn by the compass, and thus 
deterniiiiing the correction due to the compass for the ])articiilar 
direction of tlie ship’s head at the time. (Kx. 3, No. 250, above.) 

255. Wlieii tliere is no convenient distant object, the deviation 
may be found by observing from the ship the bearing of a compass 
placed at a station on shore, and the bearing of the compass on 
board the ship from the shore compass, at the same instant, which 
can be concerted by signal. In this method, each bearing observed 
from the ship is to be compared with the oj)posite hearing from the 
station. It is of course necessary, for precision, that tlie point of the 
ship which is observ^ed from the shore should be either the compass 
itself or some point exactly in the line between the two compasses. 

256. The local deviation being due entirely to the actual position 
of every portion of the iron in the shij), will be changed more or less 
by every change of such position. If, therefore, it is recpiired to 
keej) an exact account of the local deviation, the observations should 
be repeated on every alteration of stowage, and more especially of the 
iron nearest the cornjiass.* 

5. Mcch(udcal Methods of (dnunteracting the Local Attraction, 

257. In order to obviate the errors of the compass arising from 
the effects of local attraction on the needle, or, on the other liand, to 
avoid the inconvenience of determining from time to time, by expe- 
riment, those errors which change with the latitude of the ship, 
methods have been adopted for producing, by an artificial arrange- 
iiicnt, a different action on tlie needle, whereby the above effects may 
be more or less successfully removed. 

(1.) Mr. Barlow has fixed a circular iron plate in a vertical posi- 
tion abaft the compass, to counteract the effect of the iron uj)on the 
needle. The plate is found to relieve the compass from the dis- 
turbing effects of the iron, in all positions whatever of the shij), pro- 
vided the iron and the compass-needle remain exactly in the same 
relative positions. 

The plate is accompanied with necessary directions for its use. 
As the j)late is fixed very near the compass, and as tlie action of iroa 


* It is possible, mathematically speaking, to lay down rules for nuluein^ the^ local devia- 
tion observed at any one place to tliat lor any other magnetic latitude, ami also for caleulaf ini? 
the effects produced by the inclination of the ship upon tlie local deviation itself. Such 
rules, however, demand the knowledge of certain elements, which, in ordinary observations ot 
the kind, made with so rude an instrument, cannot be determined with the requisite i»ro- 
cision. The rules, moreover, besides being too complicated for general use, are necessarily 
deduced upon the express condition that the deviation at N. and S. is 0, whereas observation 
almost always shews a considerable deviation, as 1*^ or 2^ at these points ; and this, contra- 
dicting the assumption, renders the rules uncertain. A small change in the positi()n or 
quantity of iron may also affect the compass sensibly, and thus render the rules erroneon^* 
Capt. Jolinson, in his experiments on an iron steam-vessel (“ Rejiort on Magnetic Exp Ji 
ments," “ Phil. Trans.” Part II. 1H.36), found an alteration of 5"^ 20' on a compass near the 
binnacle, from the circumstance of merely swinging the quarter-boat’s (iron) davits in-l»tan‘l» 
aa if tor securing the boat for bad weather. 
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upon the needle changes very rapidly at small distances (No. 233), 
as also with the length of* the needle itself, it is evident that much 
precision is necessary in fixing the plate. Again, when fixed, the 
disposition of the iron must remain undisturbed, or the plate must 
be readjusted. 

(2.) The method suggested by Mr. Airy was originally proposed 
for iron vessels ; it consists in placing two large and powerful 
magnets in the deck near the compass. Two lines, one fore-and-aft, 
and the other athwart-ships, are drawn on (or under) the deck, 
passing through a point vertically below (or above) the centre of 
the needle; one of the magnets is laid fore-and-aft on one of these 
lines, and the other with its length athwart-ships, on the same or 
the other line. These magnets act independently of each other, the 
one destroying the fore-and-aft action of the iron on the compass, 
and the other the action perpendicular to this, or atliwart-ships.*' 

6. Instructions relative to the Compass^ in Her Majesty s Navy. 

258. An Admiralty order was issued on Nov. 20th, 1845, di- 
recting the manner of placing the binnacle and the standard com- 
])asses, and cancelling all orders of a previous date on the same 
subjects, of which the following is an abstract. No iron is to be 
snff*ered within seven feet of the binnacle or the standard compass ; 
all fastenings whatever, spindles, pins, &c. within this distance, being 
made of mixed metal ; vertical stanchions and arms ai’e not, if pos- 
sible, to be admitted within fourteen feet, and iron tillers not within 
seven feet. The binnacle, constructed on a given })lan, is to have no 
doors, in order to insure improper matters not being j)ut into it ; 
and two binnacles are not to be nearer to each other than four feet 
six inches. The compasses are to be kept in a closet, and the cards 
kept in cases constructed purposely to avoid poles of the same name 
being placed together. 

A pillar of wood, hollow or solid, and made to ship and unship, 
if convenient, or fitted to slide up and down on a short ])illar when 


* The manner of fixing the magnets is fully described in a paper entitled “ Results oi 
Experiments on the Disturbance of the Compass in Iron-built Sliips, made by George 
Bidden Airy, Jisq. A.M , Astronomer Royal, at the desire of the Board of Admiralty ” 
(Weale, 1840), and the “Philosophical Transactions,'^ 1839. The method has been adopted 
in several ships, and it is stated that the compass of the Ironsides had been found perfei.tly 
correct in three voyages to South America. 

Capt. Johnson has, however, received reports from which he has hindly permitted me to 
extract the following, and which shew that, in some instances, the results are not so satis- 
factory, owing, as it would appear, in part at least, to a change in the power of the magnets. 

The City of London, steam-vessel, found her compass, after hi'ing corrected sixteen months, 
considerably in error. It was stated that the magnets had partly lost their power. 

In the Foir a Ballock, schooner, after a voyage to the ^lediterranean, the compass was 
founa to deviate above two points to the westward. The compass of H.M.S.V. Soudan was 
found, on arriving at Sierra Leone, 14*^ in error on a S.E. b E. course. 

Any change in the action of the magnets would, of course, be easily detected by an occasional 

observation. 

, remarks will be found in chap. viii. Naut. Astron., in the division entitled 

Navigating the Ship," under the heads “ Shaping the Course’* and “ Observations for the 
>anatiou." 
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the compass would be in the way of the boom, is directed to be 
prepared for the reception of the standard compass; or mixed melal 
stanchions may be used, for the support of a copper binnacle head. 
These instructions are given in general terms ; the particular fitting 
as well as the position, forward or aft, in the vessel, being left to tlie 
Superintendent of the Compass Department. 


11. The Log and Glasses. 

1 . The Log, 

259. The log consists of the log-ship and li/ze. The log-ship is a 
thin wooden quadrant, of about five inches radius ; the circular etlge 
IS loaded with lead, to make it float upright, and at eacli end is a 
hole. The inner end of the log-line is fastened to a reel, the oUkt 
is rove throngli the log-ship and knotted ; and a piece of about eight 
inches of the same line is spliced into it at this distance from tlie 
log-ship, having at the other end a jieg of wood, or bone, which, when 
the log is hove, is pressed firmly into the nnoeenpied hole. 

At ten or twelve fathoms from the log-ship a bit of biintin rag is 
placed, to mark off a suHicient quantity of line, called slrag-lltie, to let 
the log go clear of the ship ])cfore the time is counted. 

260. The log-line is divided into e<jual portions, called knots, at 
each of which a bit of string, with the number of knots upon it, is put 
tlirough the strands. 

The length of a knot depends on the number of seconds whi(di 
the glasses measure, and is thus det(?ruiiued : 

The No. of feet in i knot I No. of feet in i mile : : No. of seconds of the glass t 360c 
(the No. of seconds in an hour). 

The nautical mile being about 6080 feet, \ve have, for tlie glas:^ 
of 30 seconds, the knot = = 50*7 feet, or 50 feet 8 inches; 

for the glass of 28 seconds, the knot = = 47*3 inches, or 

47 feet 4 inches ; and so for any other glass. 

261. The knot is suppo.sed to be divided into eight equal pai ts, 
or fathoms (which tliey are very nearly). In the Royal Navy the 
even fathoms only are reckoned, for the convenience of adding up 
the distance on the log-board.* 

262. Tlie log-line .should be repeatedly examined, by comparing 
each knot with the distance between the nails, which are (or sliould 
be) placed on the deck for this purpose, at the proper distance. The 
line should be wet whenever it is required thus to remeasure it, or to 
verify the marks. ’ 

• It .vf)uld, of course, be more systematic to divide the knot or mile into tenths, as in the 
Traverse Table, instt'ad of eighths ; but single tenths and fathoms may be used for each other 
irithout sensible error. 
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When it is found that the line is erroneous, it is known that the 
diiStancc run (by account) must be in error. Rules have been given 
for correcting the distance run in such cases, but as the line stretches 
unequally, in different })arts, the only certain way is to measure the 
quantity run out in a measured time. See No. 260. 

263. As the manner of heaving the log must be learned at sea, it 
is only necessary to remark, for reference, that the line is to be faked 
n] the hand, not coiled ; that the log-ship is to be thrown out well to 
Tceward to clear the eddies near the wake, and in such a manner that 
It may enter the water perpendicularly, and not fall fiat upon it ; and 
tluit before a heavy. sea the line should be paid out rapidly when the 
i-tern is rising, but when the stern is lalling as this motion slacks the 
line, the reel should be retarded. 

L2.J Massei/s Log, 

264. This instrument shews the distance actually gone by the 
sliip through the water, hy means of tlie revolutions of a fly towed 
astern, which are registered on a dial-plate. This log is highly 
appro^^ed in jmictice ; and it is much to b(i desired that the patentee 
could manufacture, at a moderate price, an instrument which affords 
a method, at once so simple and so accurate, of measuring a ship’s 
way, and which could not fail to come into extensive, if not general, 
use. 


[3.] The Ground Log, 

265. When the water is shoal, and the set of the tides or current 
much affected by the irregularity of the channel, or other causes; 
and when, at the same time, either the shi]) is altogetljer out of sight 
oFland, or the shore ])resents no distinct objects by which to fix her 
position, recourse may be bad to the (jronnd lo(j. This is a small 
lead, with a line divided like the log-line; the lead remaining fixed 
the bottom, the line cxliibits the effect of the combined motion of 
die ship through the water, and that of the water itself, or tlie cur- 
rent ; and therefore the course (by compass) and distance made good 
are obtained at once.* 


2. The Glasses, 

266. The long glass runs out in 30* or in 28* ; the sliort glass 
runs out in half the time of the long one. 

AVlien the ship goes more than five knots, the short glass is used, 
and the number of knots shewn is doubled. 

267. The sand-glasses should frequently he examined by a se- 
conds watch, as in damp weather they are often retarded, and some- 
tiuK's hang altogether. One end is stopped with a cork, which is 
taken out to dry the sand, or to change its quantity. 


In nimiorous passage^s up and down the river Plate, where the above eireumstances 
'^“nde by H.M.S. Tyne, under the command of Captain Gordon Thomas Falcon, in 
wo made constant use .of this log. 

G 
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268. When either the line or the glass is faulty, or when a line 
and glass not duly proportioned to each other are employed, the 
distance run is found as follows : — 

The number of feet in 1‘* is to the number of feet run out in an 
observed number of seconds, as 3600 (seconds in an hour) are to the 
observed number of seconds. 

Ex. Suppose 190 feet of line are run out in 22* : required the rate. 

The number of feet run out in i** I 190 :: 3600* ; 22’; hence the number of feet 

es _ 31090 feet; which, divided by 6000 (as near enough), gives 5*2 miles. 

22 

On the occasion of a glass stopping, and in many other cases, 
it is a very useful acquirement to be able to count seconds for a 
small portion of time. 


CHAPTER III. 

The Sailings. 

1 . Plane Sailing, with Traverse, Current, and Windward 

Sailings. II. Parallel Sailing, with Middle Latitudk, 

AND Mercator’s Sailings. III. Great Circle Sailing. 

269. In considering the ])lace of a ship at sea, with reference to 
any other place which she has left, or to which she is bound, these 
five things are involved: the Course, Distance, Difference of Lati- 
tude, Departure, and Difference of Longitude. 

270. In practice these two general questions occur. 

1st. The course and distance from one })lcice in given latitude 
and longitude to another arc given, and it is required to find tlic 
latitude and longitude of the other place. 

2d. The latitudes and longitudes of two places are given, and it 
is required to find the cojirse and distance from one to the other. 

The methods of solution, that is, the rules of calculation, by 
which the answers to such questions are obtained, are commonl) 
termed Sailings. 


I. Plane Sailing. 

271. In Plane Sailing, as the term implies, the path of the ship 
is supyiosed to be described on a plane surface. 

If the ship sails 1 mile on a given course, she makes a certain 
D. lat. and Dep. : in sailing a second mile, on the same course, 
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niakcrt good the same D. lat. and Dep. as before. Thus the D. lat. 
and Dep. for 2 miles of Dist. are twice those for 1 mile ; for 3 miles 
of Dist. they are three times those for I mile, and so on ; that is, the 
total D. lat. and Dep. made good are proportional to the Dist. on 
the sphere as they would be on a plane. Plane Sailing, accordingly, 
treats of the relations of the Course, Dist., D. lat., and Dep., and 
applies to right-angled triangles generally. 

But each mile of Dep. which the ship makes good corresponds 
to a Dili’, of Long, which is different according to the latitude in 
which the ship moves (Note, p. 58), that is, there is no constant pro- 
portion between the Dep. and Diff. Long, in two different lati- 
tudes, and therefore a question in which Diff. Long, is concerned is 
not within tlje province of Plane Sailing, except the case in which 
the ship is on or near the equator, where Dep. and D. Long, are the 
same thing. 

272. (1.) The proportions, No. 1G2, p. 4(), as adapted to the figures, 
No. 200, p. 59 (or to the third figure of No. 163, where the course 
is the angle ABC), give the proportions or canons^ as they are called, 
of Plane Sailing. We employ the following: 


Dist. I Dep. 
Dist. : D. Lat. 
D. Lat. : Dep. 


D. Lat. : Dist. 


rad. (=i) ; sin. Co., whence, Dep. = Dist. x sin. Co. 

1 ; cos. Co., D. Lat. = Dist. xcos. Co. 

I ; tan. Co., Dep. « D. Lat. x tan. Co. 

and tan. Co. == 

D. Lat. 

I ; sec. Co., Dist. = D. Lat. x sec. Co. 

, ^ Dist. 

and sec. Co. = —— — 

D. Lat. 


( 1 .; 

( 2 .> 

( 3 .) 

( 4 .) 

( 5 .) 

(6-) 


(2.) These eciuations* put into logarithms by the rules Nos. 64 ant/ 
65, p. 20, become 


Log. Dep. 

= log. Dist. 

+ log. sin. Co. — lo 

(1.) 

Log. D. Lat. 

= log. Dist. 

+ log. cos. Co. — lO 

(2.) 

Log. Dop. 

= log. D. Lat. 

+ log. tan. Co. — 10 

( 3 .) 

Log. tan. Co. 

= log. Dep. + JO 

- log. D. Lat. 

0) 

Log. Uist. 

log. D. Lat. 

+ log. sec. Ct).— lo 

( 5 .) 

Log. sec. Co. 

= log. Dist. + lo 

— log. D. Lat. 

(6.) 


Which logarithmic equations contain the rules employed. 

On ordinary occasions four places are enough. 

Case I. Given the course and distance, to find the difference of 
latitude and departure. 

Ex. l. A ship sails N.W. by N. 103 miles from lat. 49° 30' N. ; find the D. Lat. and 
Dep. and also the Lat. in. 


273. By Inspection, Open Table 1 at 3 Points, and against the 
Oist. 103 stand D. Lat. 85‘6 and Dep. 57*2. 

Then 85*6 or 1® 25'*6 added to 49^ 30' gives Lat. in 50® 55''6 N. 


Quantities connected by the sign constitute an equation; thus 7 — 3 + 4 , 2° «= 120\ 
are equations. 



81 


NAVIGATION. 


274. By Computation. (1.) For the D. Lat. To the log. cos. ot 
the Course (Table 65 or 68) add the log. of tlie Dist. (Table 64) ; the 
sum (rejecting 10 from the index) is the log. of the D. Lat. 

(2.) For the Dcp. To the log. sine of the Course add the log. oi 
the Dist. ; the sum (rejecting 10) is the log. of the Dep. 


Ex. above. Course 3 points, Dist. 103. 

3 points, or 33'’ 4.5' log. cos. 9*9198 
Dist. 103 log. 2*0128 

D. Lat. 85*6 log. 1*9326 

(This is tlie Canon (2.) in No. 272.) 


Course 33° 45" log. sin. 9*7447 

Dist. 103 log. 2*0128 

Dm*. 57*2 log. 1*7575 

(This is the Canon (1.) in No. 272 ) 


275. By Construction. Draw a line C N 
towards the north for the meridian. From the 
centre C, with the chord of 60° as radius, de- 
scribe an arc on the west side of C N, and lay- 
off the chord of three points, or to a 

(No. 107). Tlirough a draw Cr/, this gives the 
angle N C <2 equal to the Course, or three points ; 
lay oft' from a scale of equal parts C A e([ual to 
tlie Dist. lOd ; draw A B perpendicular to C N, 
then C B will shew on tlie same scale tlie D. Lat. 
85*6, and A B the Dep. 57*2. 



Ex. 2 A ship sails S. 72® W. 216 miles from lat. 14° ii' N. ; required the D. Lat. and 
Dep., and also the Lat. in. 

Bj/ Inspection, The Course 72° and Dist. 216 give D. Lat. 66*7 and Dep. 205*4 
Then 66*7, or 6'*7, subtracted from 14° 11' N. leaves Lat. in 13° 4'* 3 N. 


Bp Computation, 

Course 72° 
Dist. 216 
D. Lat. 66*7 


log. cos. 9*4900 
log. 2*3345 
log. 1*8245 


Course 72° 
Dist. 216 
Dep. 205*4 


log. sin. 9*9782 
log. 2*3345 
log. 2*3127 


By Construction. Draw a line C S to the southward 
for the meridian. By the chord of 60'^ lay off the arc 72" 
to the westward, and draw CA equal to 216 ; draw AB 
perpendicular to C S, then C B is the D. Lat. 66*7, and A B 
the Dep. 205*4. 

These two examples of construction are sufficient for all varieties 
of Case I. When the course is to the eastward, CA is drawn on tlio 
right side of the meridian C N or C S instead of the left side. 

Case II. Given the course and difference of latitude, to find the 
distance and the departure. 

Ex. 1. A ship sailing W.S.W. makes 47 miles D. Lat. : find the Dist. run and the Dep. 

276. By Inspection, Enter Table 1 with the Course 6 points ; 
look in the D. Lat. column for 47 ; the nearest to 47 is 47*1, against 
which '^tand the Dist. 123 and Dep. 113*6. 
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The Lat. of the ship is, from the nature of the case, already 
given. 

277. By Computation. (1.) For the Dist. To the log. sec. of 
the Course add the log. of the 13 . Lat. ; the sum (rejecting 10) is the 
log. of the Dist. 

(2.) For the Dep. To tlie log. tan. of the Course add the log. of 
tlie D. Lat. ; the sum (rejecting 10) is the log. of the Dep. 


6 points, or 30' log. sec. 0*4172 
D. Lat. 47 log. 1*6721 

Dist. 122*8 log. 2*0893 

(This is the Canon (5.) in No. 272.) 


Course 67° 30' log. tan. 0*3828 

D. Lat. 47 log. 1*6721 

Dep. 113*5 log. 2*0549 

(This is the Canon (3.) in No. 272.) 


278. By Construction. Draw the 
meridian line C S ; lay off the course, 
or angle S C A, G points (No. 107) ; 
from C lay off C B the D. Lat. 47 ; 
draw 13 A ])erpendicular to C S, then 
C A is the Dist. and A 13 the Dep. 

This example will siifhee for all 
varieties of Case II. When the course 
is to the northward, C N is drawn up- 
wards instead of C 8 downwards ; and 
when the course is to the eastward, 

C A is to be drawn on the right side of the meridian instead of the 
left side. 



Ex. 2. A sliip sails N. 54° E. and makes 119 miles D. Lat. : required the Distance run 
and the Departure. 

By Inspection. Course 54^^ in Table 2, and D. Lat. 119*3, give the Dist. 203 and Dep. 
164*2, nearly enough in practice. 

Case III. Given the difference of latitude and departure, to find 
the course and distance. 

Ex. A ship makes 91 miles northing and 34*7 Dep. (easting) ; find her Course ana 
Distance. 


279. By Inspection. Look in Table 2 for 91 in the D. Lat. co- 
lunin, and 34*7 in the Dep. column ; the nearest are 90*G and G4*8, 
which give the Course 21® (N. *21® E. in this example) and Dist. 

97 miles. 


280. By Computation. (1.) For the Course. From the log. 01 
the Dop. (adding 10 to its index if necessary) subtract the log. of the 
D. Lat. ; the remainder is the log. tan. of the Course. 

(2.) For the Dist. Find the Course ; then to the log. sec. of the 
Course add the log. of the D. Lat. ; tlie sum is the log. of the Dist. 


Ex. Dep. 34*7 log. 1*5403 

D. Lat. 91 log. 1*9590 

Course 20*^ 52' log tan. 9*5813 
(This is the Canon ^4.) No. 272.) 


Course 20° 52" log. sec. 0*0295 
D. Lat. 91 log. 1*9590 

Dist. 97*4 log. 1*9885 

(This is the ( anon (5.) No. 272.) 
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281. By Construction, Draw the meridian C N. ^ 

Take CB, the D. Lat. 91, and through B dravv BA 
perpendicular to C N, and equal to 34*7; join C A ; then b 
BC A, the Course, measures 21° (No. 106, 2), and C A, 
the Dist. measures 98. 

This example will suffice for all varieties of the case. 9i 

Case IV. Given the distance run and the difference 
of latitude, to find the course and departure. ^ 

Ex. A ship sails loi miles between south and east, and makes 52 miles D. Lat. ; find 
the Course and Dep. 

282. By Imyection, In Table 2, 101 in the Dist. column, and 
52 in the D. Lat. column, occur over Course €59° (S. *59° E. in this 
example), and against the Dep. 864). 

283. By Computation, (1.) For the Course. From the log. of 
tlie Dist. subtract the log. of the D. Lat. ; the remainder is the log. 
sec. of the Course. 

(2.) For tlie Dep. Find the Course ; then to the log. sine of the 
Course add the log. of the Dist. ; the sum is the log of the Dep. 



Ex. Dist. loi lo{?. 2*0043 

D. Lat. 52 log. 1*7160 

Course 59° i log. sec. 0*2883 
(This is the Canon (6.) No. 272.) 


Course 59*^ 1' log. sin. 9*9331 
Dist. 10 1 log. 2*0043 

Dbp. 86*6 log. 1*9374 

(This is the Canon (i.) No. 272.) 


284. By Construction. Draw the 
meridian CS. Take C B, the D. Lat. 
62, and through B draw BA perpen- 
dicular to C S. From C as centre, with 
the Dist. 101 as radius, describe an arc 
cutting BA in A ; then the Course, 
8 C A, measures />9°, and B A, the 
Dep., measures 86*6. 

This one example of construction 
will be sufficient. 



Examples fur Exercise. 


Ex. 1. A ship sails from Flamborough Head, in 54° 7' N., E. by N. ^ N. 264 miles : re- 
quired her Lat. in, and Dep. 

Ans. D. Lat. 76*6 N., Lat. in, 55° 24' N. ; Dkp. 252*6. 


Ex. 2. A ship from Lat. 49° 57' N. sails S.W. hy W. 244 miles : required Ihu* Lat. in, ainl 
Dep. Ans. Lat. in 47^41' N. ; Dbp. 202*9' 


Ex. 3. A ship sails S-E. E. from Lat. 1^45' N., until she arrives in Lat. 0° 31' S. : re- 
quired her Dist. and Dep. Ans. Dist. 244*8 ; Dkp. 203'5' 

Ex. 4. A ship from St. Helena in Lat. 1 5'^ 5 s' S. sails N.W. \ W. till .she is in Lat. 1 3° 1' S*: 

find the distance she has run, and the Dep. Ans. DiI^t. 274*3 5 Dep. 2i2» 

fix. 5. A ship makes 135 miles northing, and 87*7 miles of Dep. westing: required liei 
Course and Dist. made good. Ans, Course N. 33^^ W. ; Dist. i6j mile»* 
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fix. 6. A ship sails 210 miles between N. and E., and makes i6o''9 D. Lat. : find the Course 
and Dep. Aiis. Course N. 40® E.; Dep. 135 miles. 

Ex. 7. A ship sails 244 miles between S. and W., and makes 136' D. Lat. : find the 
Course and Dep. Ans. Course S. 56° 8' W. ; DEt . 202-6, 

1 . Resolution of one Course upon another, 

285. It is sometimes required to resolve the distance run upon a 
friven course into tlie distance upon a propo.sed course. 

Ex. A ship is making good S. 70° W. 5^ miles an hour : at what rate is she nearing a 
port bearing SAV. } 

Draw the meridian, A S, of the ship at A. Lay off the bearing 
of tlie port, S.W., and tlie Course S. 70^ W., and take All to re- 
present the rate ])er hour {ov for a smaller interval), as 54 knots. 

B then is the jdaee of the ship at the end of this interval. 

The distance, AP of the port, being very great, as compared 
svitli A B, a circle IJ D, descn ibc^d from P as a centre, is nearly a 
right line, and perp. to A P, and cuts oft* AD, the dist. hy which 
the ship lias neared P in an hour. Now AD is the D. Lat. to tlie 
Dis't. A B, and the angle BAD as Course. B A D equal to 
70^ — 45^, or 25°, and Dist <; 4 » ^ equal to 5 knots, the 

rate required, and AD is A B resolved in the direction AP. 

When the number of degree.s between the given and proposed 
courses exceeds 90, the ship is increasing her distance from the port 
instead of closing it. 

It is proper to observe, that the change in the distance of the 
port, made by the ship when not steering directly for it, is true onlv 
for its present bearing, and tliereforc holds only for a short time. 

2. Traverse Sailing, 

286. Til is is a variety of plane sailing in which the ship makes 
two or more courses in succession. 

The process of reducing several courses, with the distances run 
on eaclijto the single course and distance which the shij) would have 
made good if she had sailed at onec from the jdace she first left, to 
the ])lace at which she last arrived, is called working a traverse. 

287. To work a Traverse. (1.) Draw six vertical lines. H('ad 
the space to tlic left Courses, the first column Distances, the next 
two columns D. Lat. ; marking the first N. and the secoib: S. ; head 
the last two col minis Dep., markiiig one E. and the other W. This 
forms a skeleton Traverse Table. 

(2.) Set down tlie Courses, and the Distances against them, in 
«i*dcr; look out in Table 1, or 2, the D. Lat. and D(;p. to each 
Course and Distance. When the ship makes northing (that is, 
'vlien the Course lias an N. in it), set the D. Lat. in the N. column, 
<^therwise in the S. column. When the ship makes easting (that is, 
'vhen the Course has an E. in it), set the Dep. in the E. colnimi, 
otherwise iu the W. column. 

(3.) Add the D. Lats. in each column ; write the lesser of the 
suuis under the greater, and take their dilference. Do the same 
the Departures. 
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(4.) Those differences are the D. Lat. and Dep. made good 'ju 
the whole, and each takes the name of the column it stands in. 

The course and distance are then found by No. 279. 

It may be advisable for a beginner, before he proceeds to take 
out the quantities from the Traverse Tabic, to write a dash in all 
places not to be occupied by a J). Lat. or a Dep., in order to avoid 
writing a cpiantity in the wrong column. The first example only is 
thus marked, because such helps are useless to an expert computer. 

Ex. A ship sails S.W. by S. 24 miles; N.N.W. 57 miles ; S.E. by E. J E. 84 miles j 
and South 35 miles ; find the Course and Distance made good. 


CoiiMes 

Dist. 

D. l.at. 

Dep. 

N. 

S. 

K. 1 W. 

S.W. by S. 

24 

— 

20*0 

— 

13-3 

N.N.W. 

57 

52*7 

— 

— 

21-8 

S.E. by E. A E. 

84 

— 

39*6 

74' I 

— 

South. 

35 

— 

35-0 

— 

— 



52-7 

94' 6 

74*1 

35*1 




527 

1 

35'i 





41*9 

39'o 



The D. Lat. 41-9 and Dep. 39*0, are found at 43*^ against the 
Dist. 57. Hence, since the ship has by the Traverse Table made 
southing and easting upon the whole, the Course is S. 43° E., and 
Dist. 57 miles. 

JB^ Computation, Each portion of the process having already 
been separately considered in plane sailing, nothing remains to bo 
added hero, 

288. Bp Construction. With the chord of 60 describe a circle; 
draw the meridian N S, and mark the centre C. By means of the 
scale of chords lay off S 1, equal to 3 points, or S.W. by S., for the 
first course. Lay off N 2, equal to 2 points, or N.N.W., for the 
second course. Lay off S3, equal to 5.^ })oints, or S.E. by E. \ E., 
for the third course. The fourth course, or south, is already laid olf, 
being on the meridian. 

Now lay the edge of tlic ruler on C and on the point 1, and h^y 
off by the compasses, or a scale of equal parts, the first distanco, 
C a, 24. Place the edge of the ruler on laying it parallel to the 
line joining C and the point 2, and lay off the second distance, 

57. Place the ruler on the point b, laying it j)arallel to the Ii»^’ 
Joining C and the point 3, and lay off the third distance, 84 
Lay the ruler on c, parallel to the meridian, and lay off cd, 
fojirth distanco, 35. The point d is therefore the place at wliich the 
ship has arrived. Join Cd, then SCc? is the course, 43°, and C« 
the distance, 57. Also, drawing Ji d perpendicular to CS, 
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0 C the 1). Lat., and D d the Dep. which will be found to measure 
41 *9 and 39*0. 

N 



Tlie circle is here drawn outside the traverses altogetlier, without 
regard to the dimensions of the scale of chords, merely to shew the 
process more clearly. 

This exam])le, after the practice which the learner will have al- 
ready had in drawing the figures in the preceding* articles, will be 
sufficient for any case that iiuiy occur. 

Ex. 2. A ship sails N.N.E. ii miles; N.E. | E. 39 miles; E. N. 14 miles; West, 
10 tnilos ; N.N.W. 4 mill's : ivquircil the Course uiul Distance made good. 


Cour.^sfS 

Dist. 

N. 

s. 

K. 

w. 

N.N.E. 

1 1 

lO’Z 


4*2 


N.E. 2 E. 

39 

•23*2 


51*3 


E. h N. 

14 

I *4 


I3‘9 


West. 

^9 




'9 

N.N.W. 

4 

3-7 






38-5 

0 

49*4 

20*5 





20*5 






28*9 



The D. Lat. 38’5 in the N. col., and Dep. ’28’9 in the E. col. give 
Course N. 37® E., Dist. 48 miles. 
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289. The D. Lat. made good on the whole, as thus found, being 
applied to the Lat. left, gives the Lat. in. Thus, suppose in the 
above example tlie ship left Lat. 38® 4(y S. ; then 38'’5 nortliing 
places her in l«at. 38® 1'5 S.* 

Examples for Exercise. 

Ex. 1 . A ship from Cape St. 'Vlnv'ent, in lat. 37° 3' N., sailed E.S.E. 45 miles, S.W. by W. 

43 miles, S.E. by S. 64 m^h*s, and N.N.E. 22 miles i lind the Course and Distance 
made good, and also her Lat>ude in. 

Ans. Course S. 34° E. ; Dist. 5J9 miles ; Lat. in 35'’ 49' N. 

Ex. 2 . A ship from Cape Amber (N.E. extremity of Madagascar), in lat. n“ 57' S., sailed 
as follows : — S.S.E. 2 E. 33 miles, iS.W. by W. 40 miles, IS.E. by S. 44 miles; 
N. 36 miles, S.W. by S. 44 miles, S.E. by E. 40 miles, S.S.W. W. 33 miles; 
required th('. Course and Distama; iiiadc good, and also wliat Latitude she is in. 

Ans. Course due South; Dist. 140 miles ; the Lat. in is 14^’’ 17^ S. 

Ex. 3 . Yesterday, at noon, we were in lat. 28^ 34' N., and since then we have sailed 
N.E. E. 62 miles, N. by E. 16 miles, E. ^ N. 40 miles, N.E- ^ E. 29 miles, 
N. by W. 30 miles, and N. f W. 14 miles : what Course and Distance have w'e 
made good, and what is our present Lat. ? 

Ans. Course N. 43"* E. or N.E. :| N. ; Dist. 158 miles ; Lat. in 30° 29' N. 

*'y. 4 . Yesterday, at noon, we were in lat. 44"* 10' N., and since then we sailed the following 
courses (all true): S. 69^ W. 4 miles, S. 58^ E. 15 miles, S. 66*^ E. 8 miles, 
S. 66° W. 12 miles, S. 1° E. 6 miles, S. 55° VV. 2 miles, N. 21° E. 2 miles, 
S. 55° W. 28 miles, S. 32° E. 14 miles, S. 55 ' W. 4 miles ; find what Course and 
Distance the ship has made good, and wliat is lier present Lat. 

Ans. Course S. 15° W.; Dist. 55*0 miles; Lat. in 43° 17'N. 

3. Current Sailing. 

*290. A current is named after the point towards which it runs or 
sets: thus, a current sotting towards S.E. is called a south-east cur- 
rent. The inode adopted in speaking of the wind, whicli is named 
according to the point from which it blows, is thus reversed in 
speaking of a current. f 

The term set^ which is used to describe the direction of the cur- 
rent, is employed in the same way as in taking a bearing (No. 201) ; 
but it is necessary for the comjiletc description of the current to state 
also its drift., that is, the distance through which the ship is carried 
or driven by its action.'J: 

291. When the rate of a current per lioiir is known, the drift for 
any number of hours is found by multiplying the rate by the number 
of hours. 

In like manner, when the drift in a number of hours has been 


* The beginner will j)r<)ccpd now to parallel sailing, because, though current sailing is 
strictly a branch of jjlaiic .mailing, yet some of the examples, for the convenience of arrange- 
ment, involve the consideration of longitude. 

t It is easy to conceise that jjcople would name a wind according to the quarter it blows 
from, as bringing heat or e«dd, ruin, &c., and a current according to the quarter to wliieii it 
carries them. 

X *rhe>e terms have not in general been em])loyed with sutfieient precision. The term 
•‘drift’* has been defined as the distance run jjer hour, or rate of the current. But as a 
second term for rate is superlluous, and as it is convenient to liave a t’enn expressive ot tlm 
distance tlnough whirrh the ship has been carried by the current in any interval of time, 
have used the word drift in the latter sense only. 'I’lius the terms set and dr ft are need in 
speaking of the current as course and distance are in speaking of the ship. 
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ascertained, the rate is found by dividing the number of miles of the 
drift by the number of hours. 


Ex. 1* A. current runs 2*2 knots : re- 
quired its drift m 13 hours. 

Ans. 2*2 X 13 =5 28*6 miles, the Drift. 


Ex. 2. A ship is found to have drifteii 
by the current 42 mihis in 21 hours : required 
its rate. 

42 

Ans. — = 2 miles per hour, the Rath. 
21 ' 


292. Since the current sets tlie ship in ii certain direction and at 
a certain rate, while tlie sliip herself is ;^oin^ throu*^h the water in 
another direction and at another rate, the course of a ship affected 
by a current becomes in general a case of traverse sailing, in which 
there are two courses and distanci^s. 

Thus current sailing is analogous to traverse sailing, the two 
courses, instead of following in succession, bidiig here considered as 
taking jdace at the same time. 

The subjects for consideration in this section are, finding the place 
of a ship atfect(*d by a current ; determining the course under a par- 
licuhii condition ; and, lastly, finding the motion of the current itself. 

Case I. Given the course steered, and (list, run by the log, 
with the set and rate of the current, to find the course and distance 
made good. 


Ex. A ship runs N.E. by N. iS milos in three hours, in a current setting W. by S. two 
miles an hour : reiiuired the Cour.se and Dist. made good. 

N.E. by N. t8 m. gives D. liat. 15 0 N. Dep. io*o E. 

W. by S. 6 m. D. Lat. 1*2 8. Dep. 5*9 W. 

13-8 N. 4*1 E 

The Course is, therefore, N. by E. ^ E. ; Di.st. 14 miles. 


The Construction of this examjilc is the same as that of a case of 
traverse sailing, in which the courses and distances to be laid off are 
N.E. by N. 18 miles, and NV. by S. 9 miles. 

293. When a ship steering for a port is drifted by a current, it is 
evident that, unless it be exactly with her or exactly against her, it 
will tlirow her out of her inttmded course. Since the course to be 
shaded in any case depends on the rate of sailing of the ship, and as 
tliis cannot be foreseen for any future hour, the course must, when it 
IS l)roposed to take into consid(;ration the effect of the current, be 
determined by the jiresent rate of sailing, and independently of the 
distance of the port. 

Case II. Given the hearing of the port, and the set and rate of 
di(.‘ current: it is rc'qnired to shape the course so as to kec}) the port 
oil the same bearing. 

294. By Inspeclloji, \\’heii the bearing of the port and the set 
of the current are in adjacent (piarters of the compass, take their suvi ; 
wlien in the same or opposite rpiartcrs, take the (Ufj'erence. 

^Vith this sum (or its siijiplcment to U) points, or 180®, if it 
*^xceeds 90®), or difference, as a course, and the rate of the current as 
^ distance, find the Dep. 
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With this Dep. as Dep. and the rate of the ship as Dist. find the 
Course. 

This course being applied to the bearing of the port on the 
opposite side to that towards which tlie current is drifting the ship, 
gives the course to be steered. 

Ex. 1. The port bears S. 52° W., the current sets S.S.E. two miles an hour; the present 
rate of sailing 7 knots : shape the course so as to keep the port on tlie same bearing. 

By Inspection. S. 52” W. and S.S.E. are in adjacent quarters ; 
the sum, therefore, of 52"^ and 22°^ is 74°^* This course, with the 
dist. 2, gives dep. 1*9. The dist. 7 and dep. 1*9 give the course 
16°. This 16^ applied to the riyht (because, in facing towards 
S. 52° W. S.S.E. lies to the left), gives the Course 52°+ 16^, or 
S. 68'" W. 

295. By Construction. Take a 
point B, any where, and from it lay 
off the set and rate of the current, 
as B C, S.S.E. two miles ; through 
C draw a line A P, S. 52° W., for 
the direction of the port ; from B 
lay off B A, 7, the rate of sailing, 
meeting P A in A ; then CAB is 
the angle 16®, which the ship is to 
steer to the right of the port. ^ 

It is evident, in the ))resent case, that while the ship is running 
along A B, looking to windward of the port, the current is settiii!'’ 
her to the left towards the proposed line, A P. Attention to this 
point will ensure marking A on tlie proper side of B C ; for if a lino 
were drawn from B towards a point between C and P, to represent 
the ship's course, it is evident that Avhile on it she would be looking 
to leeward of the port, while the current was also drifting her to 
leeward. 

This example will serve for all cases. Thus, while the port bears 
as a])ove, suppose the current sets N.N.W. 2 miles ; then the })()int 
B and the line A B would lie on the 8.E. side of A P instead of the 
N.W, side, the angle A would be 16® as before, but the distance 
A C made good by the ship in the direction of the port, would be 
different. 

E.x. 2 . The port bears N. 42^" W., the current runs south 3 knots ; rate of sailing, 5 • 
shape the Course as required by the condition. 

By Inspection. South giving no angle, the first course is 42° at once, which, with Dist. 3. 
gives Dep. 2. The Dist. «; and Dep. 2 give Course 24'", to be applied to the right, because 
in facing towards N. 42° W., south is to the left. 

Ex. 3 . • The port bears E., the current sets S.W. by S. 3 knots ; rate of sailing, 4. 

East is 8 points, or 90“, which is one of the opposite quarters to S.W. ; the diff. of 8 points 
and 3 ]Munts, or 5 points,as Cour.se, and Dist. 3, give Dep. 2*5. The Dep. 2*5, and Dist 4, 
give Course 39*", which, applied to the left of E., gives the Course to be steered N. 51 'B* 

Ex. 4 . The port bears S. 82° E., the current sets N. 5° W. 4 knots ; rate of sailing, 2.. 

S.E- and N.W. being opposite quarters, the diff. of 82” and 5", or 77°, is the Cours^> 
which, with the Dist. 4, give.s Dep. 3*9. This Dep. 3*9 being greater than the Dist. 2 (tW 
ship's rate), wliich is impossible, shews that the ship cannot maintain the bearing of the 



N.W. 

N.E 

S.W. 

S.E. 
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296 . When the current sets at right angles across the line of di- 
rection of the port, the ship’s velocity must evidently be equal, at 
least, to that of the current, that she may be able to stem it, and to 
preserve both the bearing and distance of the port unchanged. 

Hence, if the current tend in any degree to set the ship away 
from her port, she will not be able to preserve the required position 
unless her velocity exceed that of the current. 

Case III. Given the Course and Distance run by account from a 
well-determined place, and the true position of the ship, to find the 
Current. 

297. Inspection. Having the D. Lat. and Dep., both by ac- 
count and as deduced from observation, take the difference between 
the two ]3. Lats. and the two Deps. ; if the D. Lats. are of different 
names, take their sum, and tlie same of the Deps. 

When the true lat. of the ship is to the north of the account, 
mark the diff. or sum of the D. Lats. N., otherwise S. ; and when 
the true longitude of the sliip is to the E. of the account, mark the 
diff. or sum of the Deps. E., otherwise W, Eind in the Traverse 
Table the course and distance corresponding to the said differences, 
as D. I^at. and Dep. these are the set and drift of the current. 

Ex. 1. A ship in lat. 37° N., sails S. 57° K., 48 miles, by account, and is found to have 
made good 3i'*6 D. Lat. (S.), and 44*7 Dej). (E.) : find the current. 

D. Lat. by account 26*1 Dep. by account 40*3 

Do* true 31*6 Do. true 44*7 

Diff. of D. Lats. 5*5 S. Diff. of Deps. 4*4 E* 

The D. Lat. 5*5 S., and Dep. 4*4 E., give Course S. 39'^ E., Dist. 7*1, the Skt and 
Drift of the current in the time. .Suppose the time eight hours and a lialf, then the Ratk 
is 0*8 of a mile per hour. 

Ex. 2. A ship from lat. 38° 20' S., and long. 31° 15' W., sails S. 40° E., 170 miles, by 
account, when .she is found by observation to be in lat. 40'^ 54^*5 S., and long. 30^ 44'* 8 W. : 
find the eurrent. 

The lat. by account, is 40° 30' S. ; the long, by account, 28*^ 53' W. 

Long, left 31° 15' 

Long, in 30 44*8 

True D. Long. 30*2 

The mid. lat. 40° as Course, and Dist. 30*2, give D. Lat. 23*0. (See No. 318.) 

D. Lat. by account 130*2 Dep. by account 109*3 

Do. true Ho. true 230 

Diff. of D. Lats. 24*3 S. Diff. of Deps. T6“3 W. 

The D. Lat. 24*3 S., and Dep. 86*3 \V. give Course S. 74^ W., Dist. 90 miles, the Skt 
and Dili FT of the current in the given time. 

.3. ^J3y hearings and dist. of land.) A ship at sunset sets a point of land, N. 58° E., 

miles. Next morning having, as supposed, made good S. 40^^ E. 14 miles, the point 
xars N. 76° E. 20 miles : reejuired the eurrent. 

Q ®^^i>’ing at sunset, considered as a Course from the land or S. W., Dist. ii, and 
‘ '40 E, 14, give whole D. Lat. by account, between the ship and the point, 16*5 S. and Dep, 
0 3 W. The Bearing and Dist. in the morning give the D. Lat. 4*8 S., and Dep. 19*4 W. 

D. Lat. by account 16*5 Dep. by account 0*3 

Ho, true 4*8 Do. true 19*4 

TFy 19*1 

Hep. 19*1, give Course or Skt 58° and Dist. or Drift 22 ; the set 
^ fviuently (from the two bearings) between N. and W, 


Lat. left 38'^ 20' 

Lat. in 40 <^4*5 

True D. Lat. 2 34*5 = 154’ 5 
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The complete construction of this last case, in which longitude is 
involved, requires the use of Mercator’s Cliart. No further direc- 
tions are, however, necessary than to lay off the place of the ship by 
D.R. and her true j)osition ; the line joining these two points shews 
the set of the eumuit, and its drift. 

298. The last example leads to the remark that, unless the ship’s 
head be the same way at the taking of each bearing, as well as 
during the whole interval between the observations, the resulting- 
set of the current will be mixed up with local deviation ; and the 
current accordingly cannot be truly determined, unless the effect of 
local deviation be removed. 

In this subdivision* rules have been laid down for working cer- 
tain questions in current sailing. Other matters relative to the 
current, which present themselves for consideration in slnqhng the 
course, and also in determining the current itself by experiment, are 
treated in the division of the work entitled “ Navigating the Ship.” 

4. Windward Sailing, 

299. In windward sailing the vessel bound to a port has a foul 
wind. As she is thus compelled to make more courses than one, 
the case is one of Traverse Sailing; but as the course on either tack 
is determined by the circumstances, tlic inquiry is limited to the 
consideration of the time at wliich it is proper to tack. 

The general principle, supposing the wind to remain iinclianged, 
is to near the port as nmcb as possible from instant to instant. Now 
the ship nears the port fastest on that tack on which she looks the 
best uji for it ; if, therefore, she looks up for the port better on her 
present tack tJian she would on the other, she should stand on ; if 
not, she should go about. Hence it follows, vhat the ship should 
constantly keep the port in the wind’s eye ; hut, as working up on 
this line would require the vessel to l^o continually tacking, wdiich i.M 
practically iinpossihlo, the limits witliin which the rule should he 
followed must be determined by circumstances. 

Tlje advantage of w^orking up nearly in tlic stream of the wind 
towards any olycct, w hether fix(?(l or moving, is, that the wdnd cannot 
be worse, and, therefore, every change must he for the hetter.f 

300. The distance run, or the ground actually gone over, is the 
same wdietlier the ship makes two hoards or a greater number, pro- 


* As it is convenient occasionally tlins to refer by name to the several parts into 
whieh, from the classification adopted, the contents of tliis volume are divided, it riioy 
stated briefly that the }>riTicipal portions, as the Introduction, Navifr.aion, &e., are hero 
termed divisions, whieh, wlieii neeessary, are dividend into chapUtrs. Tlic parts of a division 
or of a chapter, distincfuished by capital letters, are termed sections; the parts of a section in 
Large italics, subdivisions, and the further division of tlu!sc, in small italics with figurei in 
brai;kets, subsections, the prefix sub being thus applied to the smallest divisions. 

t TliC question of closing another vessel belongs to tactics, and not to our present subject, 
which relates solely to the place of the slii}) on the sea. It may not be useless, however, to 
iiotiee here, that in working up to a vessel to windward, it is proper to keep as near the 
stream of the wind as circumstances permit ; because from the time that the chase has ilront 
to the weather beam of the chaser, the latter, however great her superiority of sailing, ceases 
to near the chase. See Naut. Mag. 1838, Art. “ Chasing,'' p. 446. 
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vi/ied that no ground or time is lost in stays : the application of the 
above rule, therefore, depends entirely on the probability of a change 
of wind. 

In this subdivision we consider merely the general principle of 
sailing with a foul wind. Other points involved in Sliaping the 
Course, as the combination of a current with a foul wind, tlie selcc- 
tiori of such a course as may, in certain cases, convert a foul wind 
into a fair one, the effects of local deviation which have been observed 
while sailing on different tacks, will be treated in the Chapter on 
Navigating the Ship, under the heads “ Shaping the Course,” “ Error 
of the Course.” 


II. Parallel Sailing. 

301. When two places lie on the same parallel of latitude, or 
due east and west of each other, the distance betw een them, esti- 
mated along a })arallel, or E. and W. (which is all departure), is 
converted into difference of longitude; or, on the other hand, their 
difference of longitude is converted into distance, — by the rules of 
Pahallel Sat UNO. 

The princij)lcs of Parallel Sailing are contained in the two fol- 
lowing propositions. 

302. Puoe, A parallel of latitude is a circle of which the radius 
is pro})ortional to the cosine of the latitude. 

Let K P Q be ])art of a meridian, 

P tlu? poh', a (lianieter of tlie 

equator, A a, place wliosc latitude is 
the arc A V]. 

Take 13 Q ecpial to A P] ; then 15 
IS the opposite point to A on the same 
parallel. Join A 15 crossing C P in 

Suj)])oso now a. ship to move from 
A round the ])olar axis (J 1^, jn*cscrving the same lat., or the angle 
Pc A constant; tluni at the end of half a revolution she Avill be 

15, and PC 15 will be equal to P(5A. 

Then C A and C B being ecpial, each being a radius, and the 
angles P C A, P C 15, equal, and C // common to tlie two triangles 
A C /?, 15 C 71, these are equal (No. 117). lienee A n is equal to 13 w ; 
and this holds for every [loiiit of the parallel. 

Hence A and B arc on the circumference of a circle whose 
centre is n, in the line or diameter joining any two opposite points. 

Now An (see fig. p.44) is equal to the cosine of the arc AP], CE 
ucMng radius; hence CE : A/i :: rad. (= 1) : cos lat., which was to 
he proved. 

d03. Prop. The length of a circular arc is proportional to its 
*‘adius. Or, the length of A B : the length of a i : : C A ; C a. 
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C is the common centre of the arcs A B, 
a b. Divide the angle C into any niiinber 
of equal parts, as for ex. four, by the lines 
C D, C D, C F ; join the points A and D, 

8cc. by the chords AD, DE, &c. Then the 
sides C A, C D, &c. being equal, and the 
angles A C D, D C E, &:c. being equal, the 
bases A D, D E, &c. are all equal. (No. 

117.) 

In like manner the chords ady dcy kc, 
are all equal. 

Now the triangles CAD, Cad, being isosceles, and having one 
angle A C D common, have the remaining angles equal ; they are 
thus equiangular, and therefore similar (148 cor.), and their sides 
are proportional (146); hence AD : ad :: CA : Ca. 

We may multiply both terms of the ratio AY) \ ad by any 
number without altering its value (Nos. 37 and 7), whence 4 AD ; 
4 :: C A : C «. Now 4 A D is the sum of the four equal chords 

AD, D E, &c., and 4 is that qf the chords ad, de, &c. Hence, 

The sum of the equal chords of A B : sum of the same number 
of equal chords ah tt C A : Ca, 

This proportion is evidently true, whatever be the number of 
equal parts into which the angle C is divided. It would therefore 
hold equally for an immensely increased number of diminished 
chords, as for ex. of 1', or 1", or a millionth of 1", or infinitely less; 
it therefore holds of the arc itself, which we may conceive to he 
composed of an indefinitely great number of indefinitely small por- 
tions, each of which is arc or chord indilferently,**^ or arc A : arc 
ab :: CA : Ca, 

(1) . If A B be the equator, and ah a parallel, then C A : Ca :: 
1 I cos lat. Whence A B * a : : 1 I cos lat. 

And since Ditf. Long, is an arc of the equator, and an arc mea- 
sured parallel to it in any other latitude is called Dep., we have, 

D. Long. : Dep. II i I cos. lat., whence Dep. = D. Long.’ x cos. lat. ... (I) 

Dep. ; D. Long. : : i : sec. lat., (162 (2) (4)) D. Long. = Dep. x sec. lat (2) 

These are the equations for Parallel Sailing. 

(2) . These equations, in logarithms, become 

Log. Dep.=log. D. Long. + log. cos. lat (1) 

Log. D. Long. = log. Dep. +log. sec. lat. — lo . . . (2) 

Case I. Given the distance rim on a given parallel of latitude, 
to find the difference of longitude. 

304. Inspection. (1.) Enter the Traverse Table with the lati- 
tude as a course, and look in the D. I^at. column for the given 
distance; the Dist., against this is the Diff. Long, required. 



* As, from the natare of the case, the sum of all the chords can never (tnrpasH th(‘ 

though it may approach indefinitely near it, the arc is said to be i he limit of^Llic sum o( tlic 
tiiords increzised indefinitely. 
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Ex. A ahip runs 143 miles due W. in Lat. 38° ii'; required the dilf. long, she makes 
(rood. 

The lat. 38® as course, and 143 in the D. Lat. column, give the Dist. 181, or 3° i' ; the 
piFF. Long, required. 

(2.) Or employ Table 3, as directed in the Explanation of tne 
Tables. 

305. J^y Commutation, Tp the lo^. sec. of the Lat. add the log. 
of the Dist. ; the sum (rejecting 10) is the log. of the Dift*. Long. 


Ex. above. ^ Lat. 38® ii' log. sec. 0*1046 
Dist. 143 log- 

Diff. Long. 181*9 log. 2*2599 

306. By Construction, Draw a line 
AB east . and west, and lay off 143 on 
it; lay off the angle BAG equal tc the 
Lat. or 38® in this case ; draw B C per- 
pendicular to A B, and meeting A C 
in C. Then A C is the Diff. Long, re- 
quired. 



Case II. Given the Diff. Long, of two places on the same 
parallel, to find their distance as measured along the parallel. 

307. By Inspection, (1.) Enter the Trav.^rse Table with the 
Lat. as course and the Diff. Long, as distance; the D. Lat. is the 
distance required. 

Ex. The diff. long, of two places in the parallel of 53^20' is 12° 14': required their dis- 
tance as measured along their parallel. 

The lat. 53” as Course, and Dist. 734, give in the D. Lat. column 442 nearly : the dis- 
tance required. 

(2). Or employ Tab. 4, as directed in the Explanation of the 
Tables. 

308. By Computation. To the log. cos. of the Lat. add the log. 
of the Diff. Long. ; the sum (rejecting 10) is the log. of the distance 
required. 

Ex. above. Lat. 5 3° 20' log. cos. 9* 7 761 

D. Long. 12 14 or 734 log. 2*8657 

Dist. 438*3 log. 2*6418 

309. By Construction. Draw a line A B (fig. 'No. 306) of any 
length; lay off* at A the angle BAG equal to the latitude 53®; 
take AC equal to the Diff. Long. 734; from C draw CB jiorpen- 
dicular to A B ; then A B is the Dist. required, and measures 442. 

, 310. In parallel sailing the Distance and Departure are iden- 
tical. When the course is' nearly, though not exactly, on a ]iaralleU 
die distance run and the departure are very nearly equal; hence it 
-is evident that parallel sailing will apjily, nearly enough for common 
purposes, to cases in which the course is not exactly east or west. 

311. In lats. below 5®, when the distance douos not exceed 300 
^nes, the Dep. may at once be taken as the Diff. Long., as the 
Ri’eatest error will scarcely exceed 1'. 


H 
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1 . Middle Latitude Sailhig, 

312. This is a method (founded on the principle of parallel 
Bailing) of converting the Departure into Difference of Longitude, 
and the Difference of Longitude into Departure, when the ship’s 
course lies obliquely across the niei'idian ; that is when, besides 
Departure, she makes Difference of Latitude. 

{Suppose a shi]) make 100 miles de])arture in going, on the same 
(jonrse, from hit. 38^ to lat. 41°; this departure, if made good alto* 
gether in lat. 38°, would give 127 Dilf. Long, by No. 304; and 
again, if made good in lat. 41°, it would give 132*5 Diff. Long. 
Now, since the shij) has sailed between these two parallels, and not 
on either of them exclusively, her real Dift*. Long, must be between 
127 and 132*5; and therefore we may conclude it to bo not far from 
that which would result from a departure made good altogctlier in 
the middle parallel; hence the name of the sailing. 

313. Middle latitude sailing has thus the same two cases as 
parallel saibng ; and, accordingly, the rules for inspection, compu- 
tation, and construction, already^given, Nos. 304, &:c., apply equally 
to this sailing, observing merely to read middle latitude for latitude, 

314. When the latitudes of the two places arc of the same name, 
the middle lat. is half their 

In using the Traverse Tables, it is enough to take the latitudes to 
the nearest degree. 

Ex. 1 . A ship sails from lat. 5i®33'N. Ex. 2. A ship sails from lat. 2°N. to 

to 49*^ 9' N. : find the Mid. Lat. lat. S. 

Lat. left 52° The ship moving near the equator, the 

Lat. ill ^9 consideration of middle latitude is omitted, 

101 and the Dep. taken as the Diff. Long. 

Mid. Lat. 50 

When the latitudes are of contrary names, no sensible error can 
arise from taking the Dep. itself, made good from day to day, as tin; 
Diff. Long. But in greater distances between places in opjiosilc 
latitudes it is proper to convert the Dep. made good in N. lat. into 
Diff. Long, by means of the north mid. lat., that is, half the N. lati- 
tude, and that made good in S. lat. by half the S. lat. 

When, on the other hand, the Ditf. Long, is to be converted into 
Dep., this rule docs not apply. It will be near enongli for common 
purposes, when the latitudes are either very nearly equal or very 
unecpial, to employ, as the mid. lat., half the greater latitude. In 

* The rule which directs half the difference of the latitudes of two places on opposite 
sides of the equator to be empioyed as their ini<ldle latitude, is erroneous. Tlie error will, 
be readily perceived in considering a case. iSiipposo a ship sails iS.E. from lat. lo"" N. to.i 
10° S. ; it is evident that her diff. long, will be exactly the same as if, on reaching the ccpia- 
tor, sliM returned to the same N. lat., steering N.E., since her course is the same, and slic 
moves in the same lats. in both cases. Thus the mid. lat., wliich is the average of all the 
latitudes passed through, X)r the half sum of the first and last, and is here 5°, is indeperi(U;i|'< 
of the distinctions of N. and S. The common rule gives o for the mid. lat.; whence 
would follow that the diff. long, made good by a ship in ranging through all the latitudes 
between yo° N. and 10° S., or any other equal latitudes, however great, would be the same 
as if ahe made good her departure altogether on the equator — a conclusion manifestly erro- 
neous. 
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an intermediate case we may combine the two mid. lats., giving tlie 
greater weight to tliat which corresponds to the greater latitude. 

Ex. 1 . Find the mid. lat. between 30° N. and 25° S. 

The lats. being nearly equal, half of 30°, or 15°, may be taken as the Mid. La*? 

Ex. 2 . Find the mid. lat. between 30° N. and 2° S. 

Half of 30°, or 15'^, may be taken as the Mid. Lat. 

Ex. 3. Find the mid. lat. between 30° N. and 15° S. 

The N. mid. lat. is 15', the S. mid. lat. is 7 '^ nearly; now the mid. lat. 15° corresponds 
to 30° of lat., and the other, or 7*^, to only half as much. Instead, therefore, of dividing the 
BUTii of the two by 2, we give to the first double the weight of the other, and divide by 3 ; 
thus, 15+15 + 7* or 37 divided by 3, gives 12°, the Mid. Lat. required, nearly. 

Case I. Given the departure, to tind the difterence of longitude. 

Ex. 1 . A ship from lat. 51° 9'N. sails S.W. by W. 216 miles : required her Lat. in and 
Dift'. Long. 

315. J3j/ Inspection, Find the D. Lat. and Dop., and the Lat. in. 
Find tlie Mid. Lat. ; then, witli the Mid. Lat. as Course, look for 
the Dop. in the D. Lat, column, the corresponding Dist. is the D. 
Long, required. 

by Case I. of Plane Sailing, S. 5 points, Then Course 50*^ and Dep. 179*6 in the 
Di.-t. 216, give D. Lat. 120 and Dep. 179 6 ; D. Lat. column give Dist. 279 or 4° 39^, the 
hc.ncc the Lat. in is 49" 9' N. Diff. Loxg. required. 

Lat. left 51 9 N. 

10018 Mid. Lat. 50° 

316. Bij Computation, Having found the Dep. and the Mid. 
Lat., add together the log. sec. of the Mid. Lat. and the log. of the 
Dop. ; tlie sum (rejecting 10) is the log. of the Ditf. Long. 

Ex. above. Dep. 179*6 Mid. Lat. 50^9' 

Mid. Lat. 50^9' log. sec. 0*1933 
Dep. 179*6 log. 2*2543 

Diff. Long. 280*3 (4°4o'*3) log. 2*4476 


317. By Consiruction, (Fx. 1.) Lay 
points, and take CA the Dist. 21(3; 
flravv A B perpendicular to C S. The 
figure is thus far complete for plane 
sailing, Case I. 

Lay off the angle BAL equal to the 
Mid. Lat. 50°, and A L meeting C S is 
the Ditf. Long. 280. 


Ex. 2 . A ship from Lat. 29® 40' N. sails E.N.E. 
lill slie makes 72 miles D. lat. ; required the Dist. run 
and Diff. Long. 


% Inspection. By No. 276 , Course 6 points and 
J . Lat. 71-9 give Dep. 173*7; and 72 miles northing 
lat. in 52^ N. 


Lat. left 29° 40' N. 
Lat, ill 30 52 N. 
60 32 

Mid. Lat. 30 16 


off 8 C A the Course b 



'i§ 


Course 30® (Mid. Lat.) and Dep. 173*7 ns D. Lat. give Dist. 201 or 3^21', the Diff. 
required. 
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By Construction, C B A represents the 
fig. fur plane sailing. 

Lay off B AL equal to the mid. lat. 30®; 
and A L is the DifF. Long, and measures 
201. 

These two examples of construction are 
sufficient for the case. 

Ex. 3 . A ship from lat. 44° 58'N. runs 230 miles, and makes 56 miles southing: find 
the Course and Diflf. Long. 

By Case IV. of PLane Sailing, p. 86, the Dist. 230 and D. Lat. 56 stand together ovei 
the Course 76^ and against the Dep. 223*2 ; then 56' southing gives Lat. in 44° 2'N. 

The Lat. left 44° and Lat. in 45“^ give the Mid. Lat. 44^^ or 44°. 

Course 44° (Mid. Lat.) and Dep. 22*3 in D. Lat. column give Dist, 31 : hence theDiFV 
Long, is 310, or 5° 10'. 

Case II. Given the latitudes and longitudes of two places, to find 
the departure, and thence the course and distance between them. 

Ex. Find the Course and Dist. between Cl Sierra Leone, in lat. 8° 30' N., long. 13*^ 8' W., 
and C. St. Roque, lat. 5'^28' S., long. 35° if\V. 

318. By Inspection, Find the Mid. Lat. and the Diff. Long, of 
the places ; open the Traverse Table at the Mid. Lat. as a course, 
look for the Diff. Long, in the Dist. column, and take out the 
D. Lat. : this is the Dep. required. 

The Dep. and given Diff. Lat. between the places give the 
Course and Dist, by Case III. Plane Sailing, p. 8o. 

C. Sierra Leone, lat. 8° 30' N. Long. 13° iS'W. 

C. St. Roque _ 35 >7 W. 

D. Lat. 13 58 Diff. Long. 21 59 

Or 838 miles Or 1319 miles. 

The Mid. Lat. of 8° 30' is 4° 1 5', that of 5° 28' is 2° 44', or 4° and 3° nearly. As 4° cor- 
responds to the greater lat., we may adopt it as the Mid. Lat. (Assigning the relative weight* 
with some further precision gives 3^^ 40' as the Mid. Lat.) 

Course 4® (Mid. Lat.) and Dist. 132 give 131*7 in the D. Lat. col.; this as Dep., and 
D. Lat. 83*8, give Course 57®!, Dist. 1570 miles. 

319. By Computation, Find the Diff. Long, and the Mid. Lat., 
to the log. cos. of the Mid. Lat. add the log. of the Diff. Long. : the 
sum is the log. of the Dep. 

Ex. above. D. Lat. 838, D. Long. 1319, Mid. Lat. 3° 40'. 

Mid. Lat. 3*^40’ log. cos. 9*9991 

Diff. Long. 1319 log. 3*1202 

Dep. 1316 log. 3*1193 

The Dep, being now found and the D. Lat. given, the Course and Dist. may be found. 

(No. 279.) 

Construction, Construct the triangle for turning the Diff. Long, 
into Dep., as in Ncx. 306 (reading Mid. Lat. for Lat.). Then having 
the D. Lat. and Dep. the process is completed by drawing the figure 
as for Case III. of Plane Sailing, p. 85. 

320. When the Mid. Lat. is below 5®, and Dist. under 300 mikSi 
see No. 311. 
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Kxamplea for Exercise. 

Ejc. 1 * If a ship from Tynemouth Castle, in Lat. 55° i' N. and Long. 1° 25' W., sails S.E. 
by S. 296 miles : what is her present latitude and longitude ? 

Ans. Lat. in 50° 55' N. ; Diff. Long. 273m. ; Long, in, 3° S' E. 

Ex. 2 . A ship from Cape Clear, in Lat., 51*^ 26' N. and Long. 9'^ 29' W., sails S.W. 263 
miles : required her Lat. and Long. 

Ans. Lat. 48° 20' ; Dift*. Long. 288*7 » whence the Long, in is 14° 18' W« 
Ex. 3 . Find the Course and Distance between Tynemouth and the Naze of Norway. 

Ans. Course N. 57^^ 4a' E. ; Distance, 331*3 miles. 
Ex. 4 . Required the Course and Distance from a place A, in Lat. 51° 25' N. and Long, 
9*^ 29' \V., to a place B, in Lat. 36° 57' N. and Long. 25" 6' W. 

Ans. Course S. 37° 45' W. ; Distance, 1098 miles. 

Ex. 5 . Required the Course and Distance from a place A, in Lat. 56° 12' N. and Long. 
2° 36' W. to a place B, in Lat. 57° 58' N. and Long. 7° 3' E. 

Ans. Course N. 71° 23' E. ; Distance, 332 miles. 

Ex. 6. Required the Course and Distance from A to B ; Lat. of A 53° 18' N. ; Long, of A 
0° 55' E. ; Lat. of B, 57° 58' N. ; Long. B 7'^ 3' E. 

Ans. Course N. 36° 34' E. ; Distance, 349 miles. 

2. 31 creator's Sailing. 

321. This sailing is employed for exactly the same purposes as 
middle latitude sailing ; but it is a perfect method, which the other 
is not. 

The calculations are performed by the help of a table of Meri- 
dional Parts, Table 6. 

322. To find the 3Teridiomd Difference of Latitude. When the 
latitudes are of the same name, take the difference of the meridional 
parts for the two latitudes ; when of contrary names, take the sum. 

Case I. Given the course between two places, and their latitudes, 
to find their difference of longitude. 

Ex. 1. (Lats. same name.) A ship from lat. 51° 9' N. sails S.W. by W. 216 miles: 
required the Lat. in and Diff. Long. 

323. By Inspection. Having found the Lat. in, take out the 
meridional parts (Table G) for it, and for the Lat. left ; find the 
Meridional Diff. Lat. (No. 322). 

With the Course, and Mer. D. Lat. in the D. Lat. column, find 
the Dep. ; this is the Diff. Long. 

% Case I. No. 273 , the Course 5 points and Dist. 216 give D. Lat. 120 and Dep. i-»9*6 ; 
this D. Lat. subtracted from 51*^ 9' gives Lat. in, 49*^ 9' N. 

Lat. in 49° 9' N. Mer. parts 3396 

Lat. left 51 9 3583 

Mer. D. Lat. 187 

The Course 5 points and D. Lat. 187 give Dep. 280, or 4° 40' the Difp. Long 

324. By Computation, Find the Lat. in, and the Mer. D. Lat. 
the log. tan. of the Course add the log. of the Mer. D. Lat.; the 

sum (rejecting 10) is the log. of the D. Long. 

Ex. above. Lats. 49° 9' and 51° 9', Course 5 points. 

5 points log. tan. 10*1751 

Mer. D. Lat. 187 log. 2*2718 

Diff. Long. 279*8, or 4° 39'* 8 log. 2*4469 
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(This is the canon ( 3 ) No. 272 . It will he sufficiently understood by observing that, in 
the fig. below, C M is the Mer. D. Lat., and M L the Dill. Long., and C M ; M L : : rad. 
! tan. M C L the course. 


This example is sufficient for any variety of the Case I, 


325. By Construction. Lay 
otf the course M C A, S 5 points 
W. ; take CA 216 the Dist. ; 
draw AB perp. to CS: tlic fig. 
CAB is, thus far, the case for 
plane sailing. 

Now lay off CM the Mer. 
D. Lat. 187, and draw M L 
parallel to A B meeting C A 
produced : M L is the Diff. 
Long, and measures 280. 

This example of construc- 
tion is sufficient for Case I. 



Ex. 2 . A ship from lat. 29° 40' N. sa^s E.N.E. till she makes 72 miles D. Lat. : find 
her Diff. Long. 

By Inspection. Course 6 points and D. Lat. 72 give List. 188 miles: the Lat. in is 
30® 52^ 

Lat. left 29*^40' Mer. parts 1865 

Lat. in 30 52 — 1949 

Mer. D. I^at. 84 

Course 6 points and D. Lat. 84, give Dcp. 203, or 3 ' 23', the Diff. Long. 

Case II, Given the latitudes and longitudes of two places to find 
the course and distance between them. 


Ex. Find the Course and Distance between Usliant, in lat. 48'’ 28' N. long. 5° 3' W., 
and St. Michael’s, lat. 37*^ 44' N. long. 25“^ 40' W. 


326. By Inspection. Take out the mer. parts for the two lats.: 
find the Mer. I). Lat. and the Diff. Long. 

Enter the Traverse Table with the JNIer. D. Lat. as D. Lat. and 
the D. Long, as Dep, : this gives the Course. 

Then with this Course and the true D. Lat. find the Dist., which 
is the distance required. 


Ushant, lat. 48^^ 28' N. Mer. parts 3334 Long. 5° 3' W. 

St. Mich. 37 44 2448 a 5 40 W. 

10 44 Mer. D. Lat. 886 20 37 

True D. Lat. 644 Diff. Long. 1237 

Then 88*6 as D. Lat. and Dep. 123*7 give Course 54°; and D. Lat. 644 gives loj) 
miles, the Dist. required. 

327. By Computation. (I.) For the Course. Find tlie Mer. 
Diff. Lat. and the Diff. Long. From the log. of the Diff. Long- 
(adding 10 to the index if necessary) subtract the log. of the Mer. 0- 
Lat. : the remainder i.s the log. tan. of the Course. 

( 2 .) For the Distance. Find the course; then to its log. sec. adu 
the log. of the true D. Lat. : the sum is the log. of the Distance. 


Ex. above. M. D. Lat. 886 ; D. Long. 1237 ; true D. Lat. 644. 


Dill’. Long. 
Mer. D. Dat. 


1237 

886 


Course 54° 24' 


log. 3*0924 

log. 2*9474 

tan. 0*1450 


Course 54” 24' 
Tr. D. Lat. 644 
Dist. 1106 


log. sec. 

log. 2*8089 

log. 



THE SAILINGS. 


103 


328. By Construction. Draw the meridian CS* tlirou^li one of‘ 
the places, say Ushant, and on it lay off the Mer. D. Lat., 88G from 
C to M. Draw M L perpendicular to C S and equal to tlie Diff 
Long. 1237 ; join C L, and 8 C L is tlie Course. 

Lay off* C 13 the true D. Lat. on C 8, draw 13 A parallel to L M 
and C A is the Dist. 1 100*. 

320. When the lat. is below 5° and the dist. less than 300 in., 
see No. 332. 

Exnmjiles for Exercise. 

Ex. 1 . A sliipf in Lat. 36” 40' S. and Long. 20' E., sails W. N.W. until she arrives in 
Lat. 33^ 10' S. : find tlie Ditf. of Long, and also the Long, come to. 

Ans. Ditf. Long. 620*4W. ; whence the Long, come to is 6° o* E. 

Ex. 2 . A ship from Lat. 42*^ 25' N. and Long. 15'^ 6' W. sails N.E. by E. for several days, 
and then finds by observation she is in Lat. 46^^40' N. ; find what Ditf. of L«mg. 
she has made ; also find her Long. in. 

Aus. Ditf. Long. 536; whence her Long, in is 6° 10' W, 

Ex. 3 . A ship, in Lat. 42'^ 30' N. and Long. 58^ 51' W., sails S.E. by S. 300 miles ; find 
the Ditf. Long., and also tlie Long. in. 

Ans. Ditf. Long. 219 miles; Long, in 55^^ 12' \V 
Ex. 4 . Find the Course and Distance between Tynemouth and the Naze of Norway. 

, Ans. Course N. 57 '’40' E. ; Distance, 331*4 miles. 
Ex. 5 . Required the Course and Distance between Tynemouth and Helgoland. 

Ans. Course S. 81^ 8' E. ; Distance, 324 miles. 

Ez. 6. Required the Course and Distance from Diego Ramirez, in Lat. 56'' 29' S., Long. 
68 '43' W., and C. Lopatka, in Lat. 51 " 2' N., Long. 156'* 46' E. 

Aus. Course N. 46-* 21' E. ; Distance, 9346 miles. 

3. Selection of Mid. Lat. or Mercator s Sailing. 

[ 1 .] Finding the Diff . Lon y . 

330. The difteronee of long*itndo found hy Mid. Lat. i.s true at 
tlie equator, and very nearly true for short distaMces in all latitudes, 
especially when the course is nearly E. or W. In luj;h latitudes, 
when the distance is j>*reat and the course oblique, the error liecouies 
considerable; but the result may be made as accurate as we please 
fy subdividing* the distance run into small portions, and fimling the 
Liff. Loni;*. for each jiortion separately. 

331. The J)iff*. Lonj**. dediieod hy Mid. Lat. sailing* is too small: 
Bn estimate of the error for places on the same side of the equatoi 
uiay bo formed by the help of a few cases. Saj)]iose the course 4 
jioints or 45°, and the D. Jdit. 10° or GOO miles; then if this D. Lat. 
IS inade good in any latitude below 30° the (‘rror of the D. lioni*;. 

not exceed 2'; if matle j>*ood hi'tween the parallels of 40° and 
^3® tlie error will be about 3'; and between G0° and 70°, aliout 10^ 
i of a degree. For smaller distances the errors will be much 


Tlio figure in the preceding page will, after the various examples given, serve siiffi- 
j(*ntly ^vcll to illustrate generally the construction of this ca.'^e. The learner will merely 
that if the other place was to the worM/carrf of Ushant, the Mer. Dilf. Lat. CM 
ouiii be laid off to the northward of C. In like manner, if the other place was to the 
o ard of LsUmt, the D. Long. M L would be laid off to the eastward f or to the right of 
meridian. 
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less, and for greater distances mucli greater, as they vary in much 
more rapid proportion than the distances.* 

332. It is proper to remark that when the Course is large, that 
is, near seven or eight points, the D. Long, should he found by 
middle latitude in preference to Mercator’s Sailing; because, although 
the latter is mathematically correct in principle, yet a small error in 
the Course may, when the Course is large, produce a considerable 
error in the Difference of Longitude. 

The reason of this is easily shewn. In rnid. lat. sailing we 
convert the departure into D. Long. The ])roccss increases the Dep. 
in a proportion which is less than 2 to 1 in all latitudes below 60^, 
and exceeds 3 to 1 in latitudes beyond 70®. The error of the Dep., 
increased in the same proportion, becomes thus the error of the D. 
Long. Now when the course is nearly E. or W. the Dep. is nearly 
the same as the distance, and an error of some degrees in the course 
does not affect the Dep. sensibly ; hence in this case the error of the 
D. Long, depends on that of the Dist. alone. 

But ill Mercator's Sailing, pn the other hand, we convert the 
Mer. Diff. Lat. into D. Long., and the process, when the Course is 
large, converts a given Mer. Dilf. Lat. into a D. Long, much greater 
than itself ; and thus increases the error of the Mer. Diff. Lat. in the 
same proportion. Thus, for example, at the course 80® the D. Long, 
exceeds the Mer. Diff. Lat. in the pro])ortion of 6 to 1 ; at the course 
85® this proportion is 1 1 toT. Now when the course is large a slight 
change in it sensibly affects the D. Lat., aiid also the Mer. Diff. Lat., 
which is deduced directly from it. 

In high latitudes the Mer. parts vary rapidly, and the error of 
the D. Long, is aggravated accordingly ; hence the precept more 
especially demands attention in high latitudes, 

[2.] Finding the Course or Bearing. 

333. The bearing of the port is truly deduced in low latitudes 
and at short distances by the method of Mid. Lats. ; but the result 
cannot be rendered accurate in high latitudes by subdividing tlie 
distance, which is unknown, into small portions : such cases arc 
truly solved by Mercator’s sailing. 

When the bearing is large, or near 90°, the method of Mid. Lats. 
should be preferred to Mercator. 

334. The course or bearing computed by mid. lat. sailing is toa 
great. The error, however, in ordinary cases, will be much less tliau 
that to which the sliijfs course itself is liable. 

335. The Course as reduced by Traverse sailing, from several 
courses, does not afford accurately whether by Mercator’s or Middle 
Latitude Sailing, the Diff. Long, made good by the ship, because the 


* The proper mid. lat, to employ should be somewhat greater than the mean of the lats. 
A Table has been given, by Workman (“Navigation Improved, “ London, 180,5), shewing the 
correction to be added to the mean of the latitudes, in order to obtain true results. 
for common purposes the usual method, of which the recommendation in practice is 
Ifreat convenience, would seem to be near enough, and wlicn more precision is required tha 
complete solut ion by Mercator’s Sailing is effected with very little more labour. (See No. 231-/ 
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Diff. Long, made good on any Course depends entirely upon the 
atitude in wliich the ship actually moves. 

1. A ship sails from Lat. 70° N. ; 1st, N.E. 400 miles to Lat. 74° 43', then S.E. 400 
miles, when she returns to the parallel of 70°, having made Dep. 556 miles, and 
D. Long. 31° 18'. 

Ex. 2. She sails 556 miles on the parallel of 70°, making D. Long. 27° 34', 

Ex. 3. Starting from 70'^, as above, she sails S.E. 400 miles to Lat. 65° 17', then N.E. 400 
miles to 70°, having made 556 miles of Dep. and D. Long. 24° 54'. 

The 1st and 3d case, reducing the two courses to one by the 
Traverse Table, give the same Course and Dist. made good as in 
Case 2, viz. East 55G miles, or Dep. 550 m., and D. Long. 27° 34', 
which is erroneous. In Case 1, this Dep. is made good in the 
average lat. of 72° ; in Case 2, in 70°; and in Case 3, in 68°. 

It may appear perple.xing to the student that the ship should 
return to tlie same par nllel, after liaving made a t/wm Dep., and yet 
that her long., that is, her position in the parallel, should be different 
in different cases ; but he must bear in mind that the Dep. has not 
been made good on the parallel, except in Case 2. If he lays off 
a case of the kind on the globe, he will perceive clearly the nature 
of the cpiestion. 

To obtain accurately the Diff, Long, each course should there- 
fore be separately considered. But, in general, except in very high 
hits., the distances are not large enough to introduce much error on 
this account. 


III. Great Circle Sailing. 

336. When the ship sails on a rhumb lino (No. 108), her track 
cuts all the meridians as she passes them in succession, at the same 
angle; and thus, while steering a course, her liead is kept on the 
same point of the compass until she reaches her intended port. This 
condition, namely, keeping the course constant, is the most con- 
venient in practice, and, besides, ])roduces in all the calculations in 
which the place of the ship is concerned the utmost simplicity of 
which they are capable. liut the track on the rhumb line is not the 
shortest distance measured directly over the surface of the s])here 
from one place to another, or the distance “ as the crow flies,*’ except 
when the course is due north or south, or east or west on the equator. 
The shortest distance between two points on the surface of a sphere 
is the portion or arc which they include of the circle ])assing through 
both the points and the centre of the sphere. Such a circle is called 
a great circle,^ as distinguished from other circles w’ hose centres do 


* Tlie great circle passing through two places may he fonnd on a globe by stretching a 
thread evenly between them ; or, by turning the globe .about till the two places fall on the 
^pper edge of the wooden rim, or horizon of the globe, which thus marks the circle. The 
distance between the points may be measured at once by laying the thread along the equator 
of the globe. The courses are found by measuring the angles between the thread and the 
Meridians ; the most convenient instrument for whi(;h is the horn semicircle, or protractor, 
it is also called (No. 108). In order to compare the great circle with the rhumb line the 
latter must be projected on the globe. 
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not coincide with tlie centre of the sphere ; as, for instance, the 
parallels of latitude, of which the centres are in the axis between the 
centre and the pole, and which are called small circles. Hence 
sailing on a circle of the former kind is called Gkeat Circle Sail- 
ing.* On this course, and on this course alone, the ship steers for 
iier port as if it wei’e in sight. 

The three arcs joining" two points on the surface of a sphere with 
each other, and with a third point, and having for their common 
centre the centre of the s})here, constitute a Spherical Triangle. In 
the problem under consideration the two jilaces are the two points, 
and the third ])oiiit is tlie pole, and the triangle is fornu*d by the 
distance between the places and their colatitndc's. Some of the ruh's 
in this section may be emjdoyed accordingly in other problems of 
sph e r ica 1 t r i go n o m e t i*y . 

337. Great Circle Sailing is adapted principally to the second 
only of the two cases, No. ‘270, or Shaping tlie Course; Ix'cansi' the 
ship, even when moving on a great circle, must necessarily be k(‘pt 
on the same eonrsti (that is, on a rhumb lim?) for a short distance at 
a time, and her jilace may then be deduced by the rides alr(‘ady 
given in the ])roceding section with incomparably greatin* con- 
venience than it could by any rule in which the distance made good 
was rigorously considered as d(‘scribed on a circle. Allhongb this 
sailing is thus restricted to one case, we slndl, for the sake ot clear- 
ness, (iivide tlie prohleni of finding the course by Inspection into two 
cases, namely, ('ase 1. in which the places are on the same side of the 
equator, and Cas(» 11. in which they are on ojyposite sidi^s.f 

Case I. By Inspection. (The ])laces on the same side of the 
equator.) 

(1.) For the Di^t. ATith the two lats. enter the Spherical Tra- 
verse Table (Tab](' o), and take out .M and N. 

With the comphMnent of the Dilf. Long, as a Course and Dist. 100 
(Table 2), find tin? Dej)., and write it under N. 

When the Dift*. Long, is less than 90^ add this T)ep. to N. ; when 
the Ditf. Long, is yreater than 90'^ take the diff'. of the Dep. and N. 

With this sum (or dilf.) as 1). Lat. and M as Dist. find th(‘ arc in 
Table 2: this is the Distance reipiircd in dcgri'cs of (iO inil(‘s each. 

(2.) For the Cemrse. Jlaving found the Distance. W’ith the lat. 
in, and the coni])l. of the Dist. in degrees, find M and N. (Tal)l(‘ o.) 

With the lat. to as (Jonrsi? and M as Di^'t. (Tahh; 2), find tlic 
Dep., and write it under N. When the Dilf. Long, is less than 90°, 
take the diff'. between this Diq). and N. W hen the Dilf. JiOng. 
exceeds 90^, take tlie sum of tlie Dep. and N. 

With this dilf. (or sum) as 1). Lat. and Dist. 100 (Table 2), find 
the Cour.se. 


* Parallel .sailinc^, for a like reason, is sailini; on a small circli;. 

"t A very in<^(.Ti!ous method of finding; the eourstr on a ^reat circle has l)ec*ii devised by 
Mr. Powson, ci Devonport, and pu})lished by the Hydrographic Offi/a*. The inetliod cmpb*y** 
a plate on th j principle of linear tables, called the linear indrx and the table following it 
^ves at onec, mi inspection, all the eour.se.s on any |rivrn f^reat eircle for each 5® of difference 
of longitude. (“'Jables for Facilitating Great Circle Sailing.'^) 
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The Course is to be reckoned according to the following i ule ; 


Dist. less than 90 '^ (or 5400 miles). 

Dist. greater than 90 '^ (or 5400 miles. 

Dep. less than N. 

greater than N. 

Course to be reckoned 

in N. lat. from N. 

in S. lat. from S. 

Course to be reckoned 

in N. lat. from S. 
in } 5 . lat. from N. 

Course to be reckoned 

in N. lat. from N. 
in S. lat. from S. 


E>:. 1 . Fiinl the Distance between St. Helena, in hit. 15° 55' S., long. 5^44' \V., and 
Cape Horn, in lat. 55^^ 59' S. and long. 67'-* 16' W., and the Course tVom each place to the 
other. 

The D. Long, between 5^44'W. and 67° 16' \V. is 61° 32'; compl. 28°. 


For the Distance. 

16° and 56'^ (the lats.) give M iS6*o N 42*5 

28*^ (co-diir. long.; and Dist. 100 give Dep. 46*9 

(D. Long. less than 90®.) Stmi 8^*4 


The Dist. i86*o and D. Lat. 89‘4 give 61 
ment of 61*^ is 2 9^^. 

For the Course from St. Helena. 

16° (Lat. in) and co-Dist. 29“* 

ISI ii8*9 N is* 9 
56^ (Lat. to) and Dist. 118*9 Hep. 98*6 
(D. Long, /m* than 90 .) 82*7 

Dist. ICO and D. Lat. 82*7 give 34*^, 
which is S. 34 W., the (h)rKsic napiircd, 
because the Di>t. is /css than 90 ’, the Dep. 
grea/er than N, and t!ic Lat. is south. 


nearly, or Dist. 3660 miles. The comple- 

For the Course from C. Horn. 

56^ (Lat. in) and co-Dist. 29'^ 

M 204*5 N 82*2 
16 (Lat. to) and Dist. 204* 5 Dep, 56*3 

Dist. ICO and D. Lat. 25*9 give 75', 
i which is N. "3" E., tlu* ('ovksl recjiiirtd, 
, l)c»*auM* the Dist. is> less Ilian 90®, the Dej). 
: less than N, and the Lat. is south. 


By Mercator’s Sailing the ('ourse is 50’ from either place to the other, and the Distance 
3740 miles. 


Ex. 2 . Find the Distance between M.uh ir.i. in Int. 32 3S'N., Ions:. i6^55'\V., and 
Bermuda, in lat. 32'20'N., long. 64' 51' W., and the Course from ^ladeira. 

The D. Long, is 47° 56' ; the compl, 42®. 


For tlic Distance. 

32'^ and 33° IM 140*6 N 40*6 

42^ (co-D. Long.) and 100 Dep. 66*9 

Sum 107*5 

Dist. 141 and D. Lat. 107*5 give 40^^, or 
*400 miles, the Dist. required. 


V>.\. .“i. Find the Distance between a p»> 
lat. ^o° N., long. 140^ W., and the Courses 

For the Distance. Lats. o®and 40® give IN 
»nd Dist. 100 give Dep. 76*6; the sum of N 
76*6 gives 54°, or Disr. 3240 miles. 

For the Course from Lat. o ’. 0° and the 

pve Dep. 79*7; Dist. ico and D. Lat. 79*7 
• equired. 

^ For the Course from T.at. 40'’. 40® and 

give Dep. o ; Dist. 100 and D. Lat. 6i*o give 
M the Dep. o is less than N. 


For the Course. 

33^ fMad.) and co-Dist. 50*^ 

M 185*5 N 77*4 

32^^ (Berm.) and 185*5 ^*’P* 9^*3 

Ditf. 20*9 

Dist. ICO and D. T.at. 20*9 give 78 \ 
whi«-h is N. -S'^W., the Coursk required, 
btvauM* tlic Dist. is /css than 90, the Dep. 
greater than N, and the Lat. north. 

: in long. iSo'' on the equator, and another in 
•tween these points. 

I 130*3 and N o. Then 30’ (the co-D. Long.) 
and this is 76*6, and Di^t. i3^’S "itb D. l^at. 

co-Dist. 36'’ give M 123*6, K o; 40° and 124 
give 37""', wliicli is IS. 37^ E., the Cuursk 

36"^ give M 161*4, N 61*0; o and Dist. 161 
52®, which is S. 52'“" \V., the Course required 
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338. Case II. By Inspection, (The places on opposite sides of the 
equator.) 

(1.) For the Distance. With the two lats. take out M and N. 
(Table 6.) 

With the complement of the D. Long, as Course (Table 2),' and 
Dist. 100, find the Dep. 

When the D. Long, is less than 90°, take the difference between 
this Dep. and N ; when the D. Long, is greater than 90°, take the 
mm. 

With this diff. or sum as D. Lat. and M as Dist. find tlie Course 
or arc in Table 2. 

When the D. Long, is less than 90°. If the Dep. is greater 
than N, this arc is the Dist. required ; if tlie Dep. is less than N, 
take the supphunent. 

When tlje D. Long, is greater than 90°, take the supplement of 
the arc. 

(2.) For the Course. Having found tlie Distance, vvith the Lat. 
in and the complement of tlie Dist. to 90°, find M and N. 

With the Lat. to as course and M as Dist. (Table 2), find tlie 
Dep. 

When the D. Long, is less than 90°, take the sum of this Dep. 
and N ; w'hen the D. Long, is greater than 90°, take the difference. 

With this sum or ditt'. as D. Lat. and Dist. 100 (Table 2), find 
the Course, which is to be reckoned as follows: — 


Dist. less than 90 ^ (or 5 100 miles.) 

Dist. greater than 90° (or 5 100 miles ) 

Course to be reckoned 

in N. lat. from S. 

in S. lat. from N. 

Dep. less than N. 

Dep. greater than N. 

Course to be reckoned 

in N. lat. from N. 
in S. lat. from S. 

Course to be reckoned 

in N. lat. from S. 
in S. lat. from N. 


Ex. 1. Find the Distance between C. P.ilinas, in lat. 4^22' N. long. 7°44''W., and 
C. Frio, in lat. 23^^ o' S. long. 41" 57' W., and the Course from each place to the other. 

The D. Long, is 34^ 13' ; the complement is 65'’. 

For the Distance. 

4'^ and 23° (hits.) give M 108*9 N 3*0 

56" (co-Diff. Long.) and 100 Dep. 82*9 

(D. Long, less tlmn 50'^.) Diff. 79*9 

Dist. 109 and D. Lat. 79*9 give 43'", or Dist. 2580 miles ; the compl. is 47°. 


For the Course from C. Palmas. 

4^ (C. Pal.) and 47® M 147*0, N 7*5 
23° rC. Frio) and 147 Di;p. ^7*4 

(D. Long, less than 90^.) Sum 64-9 

Dist. 100 and D. Lat. 64*9 give 49"^, 
.vhich is S. 49' W., the Couast: required, 
because the Diit. is less than 90° and the 
Lat. Is north. 


For the Course from C. Frio. 

23*^ (C. Frio) and 47'’ M 159*1. N 45 5 
4i (C. Pal.) and 159 Dep. 12 5 

Sum 58'o 

Dist. 100 and D. Lat. 58*0 give 55°. 
which is N. 55^ E., the CounsB required, 
because the I^t. is south. 


Ex. 2. Find the Courses and Distance between Diego Ramire/,, in lat. 56^^ 29' S. long. 
68‘’43'W., and C. Lopatka, in lat §t°2'N. long. I56'*46'E. The D. Long, is i34°3f« 
the co-D. Long. 45°, 
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'For the Distance. 51° and 56^° give M a88*o, N 186*6. Then 44^° and Dist. 100 give 
Dep. 70*1 » of N. and Dep., or 256*7 as D. Lat., and Dist. 288, give 27'^, or Dist. 

15-jO, or 9180 miles: the co>dist. is 63°. 

For the Course from Diego Ramirez. 56 and J3® give M 399*1, N 296*6; 51° and 
399 give Dep. 310*0 ; the d\ff. 13*4 and Dist. 100 give 82° : Course, N. 82“ W. 

For the Course from C. Lopatka. 51° and 63'-^ give M 350*0, N 242*4; 56!° and 350 
give Dep. 291*8; the diff. 49*4 and Dist. 100 give 60"^: Course, S. 60° E. 

339. To find the Courses and the Distance between the places 
hy Computation, Find the co-latitudes of the places. If the places 
are on different sides of the equator, add 90° to the latitude of one 
of them for its co-latitude. Find the D. Long*., and take half of it. 

(1.) For the Courses. Take half the sum of the colats. and half 
their diff. Add together the log. cot. of half the D. Long., the 
log. sec. of the half sum, and the log. cos. of the half difference: the 
sum (rejecting tens) is the log. tang, of half the sum of the two 
courses. 

When the half sum of the colats. exceeds 90®, take the supple- 
ment of the resulting arc for the half sum required. 

To the same log. cot. add the log. cosec. of half the sum of the 
colats., and the log. sine of lialf their diff.; the sum (rejecting tens) 
is the log. tan. of half the difference of the two courses. 

Tl)e sum of the half sum and half diff. of the two courses is the 
course from the place in the smaller of the two co-latitudes to the 
other ; the difference of the said half sum and half diff. is the other 
course. 

The course is to he reckoned from the N. point in north latitude, 
and from the S. point in soutli latitude. 


Ex. 1 . Find the Courses on the great circle, between St. Helena, in lat. 15^^ 55' S. long. 
5°44" W. and C. Horn, in lat. 55' 59' S. long. 67’^ 16' W. 

Tl'C D. Long, is 61® 32' ; half D. 30*^46'. 


Colat. 34° i' (C. Horn) 
Colat. 74 5 (St. Helena) 
Sum 108 6 half.'^um 

Diff. 40 4 half diff. 


30'^ 46' log. oot. 0*2252 

54 3 log. sec. o 2313 

20 I log. coa. 9*9729 

3 5' log. tan. 0*4294 

35 23 


0*2252 

log. cosec. 0*0918 
log. sin. 9'5343 
35° 23' iog* tan. 9*8513 


Course, S. 104 58 E. from C. Horn, or N. 75'^ 2' E. 
Course, S. 3.;. 12 W. from St. Helena. 


E.x. 2 . Find the Courses on the great circle between Diego Ramirez in lat. 56° 29' S., 
long. 68^43' W., and C. Lopatka, in lat. 51® 2'N., long. i56'^46' E. 


The D. Long, is 134'^ 3 1' ; the co-lats. 33° 31', and 141^ 2'. The half sum of the requiied 
courses is 79^8', and the half dill*. 18^42'. The sum of these is the Course from colat. 
33 ° or Diego Ramirez, S. 97^^ 50' W., or N. 82'^ 10' \V. ; the dill*, is the Course from 
C. Lopatka, or S. 60^^ 26' E. 


(2.) For the Distance. Take the supjilement of the D. Long, to 
12^ or 180®. Add together tlie two co-latitudes. 

Add together the log. sine square of t lie said supplement, and the 
log. sines of the co-latitudcs : the sum (rejecting tens) is the log. sine 
square of an auxiliary arc x. 

Write X under the sum of the colats., and take the sum and 
difference, and the half sum and half difference. 

Add together tlie log. sines of the last two terms : the sum 
(rejecting tens) is the log. sine square of the Distance required. 
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Ex. Find the Distance between St. Helena, in lat. i5°55'S. long, 5®4.4'W., and 
C. Horn, in lat. 55" 59' S. and long. 67“ 16" W. 


D. Long. 

61° 

3^ 


Svippl. 

118 

28 

log. sin. sq. 9' 8681 

Colat. 

34 

X 

log. sin. 9*7477 

Colat. 

74 

4 

log. sin. 9*9830 

Sum 

108 

5 


Arc X 

78 

_7 

log. sin. sq. 9*5989 

Sum 

186 

12 


Ditr. 

29 

58 


^ Sum 

93 

6 

. log. sin. 9*9994 

4 Ditr. 

J4 

59 

. log. sin. 9*41-5 

[ST. 

or 3664 miles. 

log. sin. sq. 9*4119 


The Distance by Mercator's Sailing (No. 327 ) is 3736 miles, or 72 mere. 

340. The course on tlie rhnnil) line, from one of two places to 
the other, is exactly the opposite of the course to that ])lace from 
the other; while, on the ^reat circle, as a])pears from the precediiiLr 
exam])les, these courses are very dillerent. The ship, while on the 
rhumb line, is always chane:ini>: the direction of her head with 
respect to her port, for which she never steers exactly until it is in 
sight, because tliis track cuts all the iiuu'idians at tin? same angle, 
and the meridians themselves are not parallel to each other; but on 
a great circle she steers directly for her ))()rt, while, as the angle 
made by her track witli the meridians is pcn’petnally varying, the 
direction of her head aj)])ears hv the compass to he continually 
changing. This track, accordingly, is the only one on which the 
fillip nears her port by the whole amount of distance which she 
makes good from instant to instant. 

Great circle sailing includes the case of sailing on a meridian or 
due N. and S., and on the eejuator, because the meridians and 
eipiator are great circles. 

341. While sailing at the same rate on the same rhumb, the 
ship always changes lier latitude by the same quantity; hut while 
sailing at tiie same rate on the great circle she may change her 
latitude, not only by unequal (puintitics, hut in opposite directions. 
For example, suppose the polar seas navigable, then the shortest 
way for the ship to go from a point in the arctic circle (or any otluT 
parallel of north latitude) to another point 1 80® of longitude from it, 
and in the same latitude, would he to cross the ])oIe ; in which case 
she would first steer north and then south, whereas on the rhumb 
line slie would constantly steer cast or west. 

342. Tlie track on the great circle and that on the rhumb line 
differ most widely from eacli otlier in high latitudes, and between 
})laces on nearly tlie same parallels. On the oth(‘r hand, when tlie 
[ibices are on opposite sides of the ecpiator, the great circle and 
rhumb line intersect /?ach other, and the <lifference between them is 
not so coiwpicnous. In low latitmles, and in all latitudes when the 
course i > nearly ou a meridian, the two curves nearly coincide. 

343. It the arc of the great circle passing tlirongh the two places 
not ln i)}g both ou the .s;niie iruTidiin or on the equator) he pi*0' 
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<iuce(l beyond them, and carried round the globe, it will pass through 
two points diametrically opposite in latitude and longitude, which we 
'lave called vertexes^ each of them being the highest point in latitude 
S. and S., passed through by the circle. The vertex is 90° from 
the point where the great circle between the places (or produced 
beyond them) cuts the equator. 

Whe n the course shaped on the great circle from each place is 
loss than 90° (reckoning both courses from the nearest pole), the 
vertex falls between the jdaccs. At this point the ship, neither in- 
creasing iior diminishing her latitude for a time, steers E. or W. 
lliit when the course from one of the j)laces exceeds 90°, the vertex 
of the circle falls outside the arc joining them. 

^344. To find the Latitude and Longitude of the Vertex. 

(1.) For the Latitude. To the log. cos. of the lat. of one of the 
places add the log. sine of the course, on the great circle, from this 
place to the other; the sum is the log. cos. of the lat. required. 

(2.) For the Longitude. Add together the h)g. cosec. of the 
latitude already emj)loycMl, and the log. cot. of the course already 
cm])loy<.‘d : the sum is the log. tan. of the JJ. Long, between the 
vertex and the place worked from. 

Kv. 1 . Find tho vortex of the jc^rcat oirHe pa'^sine; tl»rnuc;h Rio dc Janeiro, in lat. 
42° 55' S. long. 43 ' <y W., an<l the (’ape of Good llope, in lat. 34^ 2z' S. long. 18 ’ 30' E. 

Tho C’oiirso from Rio is 8. 63 ' 12' E., that from the Cape S. So^ 44" ; each of these 

coui>es, reckoned from 8., being less than 90'^, the vertex f.dls between the places. 


Latitude. 
Rio, lat. 22° 55^ 
(bourse 63 12 
Lat. 34*^ 42' 


cos.* 9*9643 
sin. 9*9 :;c 6 
cos. 9*9149 


TiOngitude. 

22^ 53' cosee. 0*4096 

63 12 cot. 9‘"C34 

P. Long. 52*^23' tan. 0*1130 
Rio 43 9 W. 

Long. 9 14 E. 


Ex. 2 . Find the vertex on the great circle passing through St. Helena and C. Horn. 

Ry Ex. No. the (’onr.-'C from St. Helena is S. 34’ 12' W., that from C. Horn is 
S. 104 ’ 58' E. ; since one of tbe'ie coui>es exceeds 90 , the veitex falls without. 

Ans. Lat. 57'^ 17' Long. 85'^ 10' W. 


34o. ^V"hcn the ship sails on a grc'at circle between two places 
on tho same side of the ('([uator, she is always in a hhjher latitude 
tluin if she had sailtal on the rhiiml) line; hence, since both tracks 
coincide at their e.xtremitics, there must be a point in the great 
circle at wdiich its distance from the rhumb line, measured on a 
in:?r.d:an, gii'ater than any where (*lse . this point we shall call 
the ])oint of Maximum Separation in Lat\tndt.\ 

^Vhen the ship crosses the cipiator, there are two such points, 


* As none but the logarithmic sines, cosines, Ac. arc employixl in this work, we shall 
henceforth, for brevity, di^pcnsc with (he abbreviation /oy. in llu^ examples. 

t Tlie two points on the great eirele to which the above iiamcn have been assigned are of 
Kycat importance in practice, not only because they eon>ey a toler J)ly distinct idea ot the 
fhfrerenoe between the fig\ire of the great eirele projected on the chart and the loxodromic 
curve (its the rhumb line is also called), but becjoiye they ntl’ord a rapid method of projecting 
^ ^ Rreateirflp .approximately, while tlie n*gular process, by means of leetangular co-oitli- 
is an operulioii of some laluiur. 
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the one being to the northward of the rhumb line in north latiti](;<» 
and the other to the southward of the rhumb line in south latitude. 

346. To find the latitude and longitude of tlie 2)oint of Maximum 
Separation. 

(1.) For the Latitude. Find the position of the vertex, No. 344, 
then 

To the log. cos. of the hit. of the vertex add the log. cosec. of 
the course on the rhumb line : the sum is the log. cos. of the lat. 
peq[uired. 

(2.) For the Longitude. To the log. cosec. of the lat. of tlie 
vertex add the log. cos. of the rhumb course; the sum is the log. 
sine of the diff. long, between the vertex and point required. 

The point of Max. Sep. necessarily falls between tlie places ; 
when therefore the vertex falls without the arc joining them there is 
no ambiguity in the place of the point in question. 

When the vertex falls between the places, the point of Max. Sop. 
falls between the vertex and the place most distant from this in 
longitude, that is, towards the ])lace in the lower lat. when both 
places are on the same side of tlie equator. When the latitudes of 
the places are equal, the vertex and point of Max. Sep. coincide, and 
fall in the middle long, between the places.* 


Ex. 1 . Find the point of ^laximnm Separation in Latitiulo between the great circle and 
the rhumb line, in the voyage between St. Helena and Cape Horn. 

The Course by Mercator is 49° 57'. The Vertex, in lat. 57 17' S., long. 85 ’ 10' W. 


Latitude. 

Lat. 57° if cos. 

Rhumb Co. 49 57 coscc. 

Lat. 45° 4' cos. 


9*7328 
o* 1 161 
9*8489 


D. Long 49° 54' 
Long, of Vertex 85 10 

Long. 35 16 \V. 


COS. 9*8085 
sin. 9*8835 


Ex. 2 . Find the point of Maximum .Separation in I^iatitude !)et\veen tlie great circle and 
the rhumb line, in the voyage between the Cape of Good Hope and Monte V’^i<leo. 


Lat. 

Rhumb Co. 89 3 1 
Lat. 40° 35' 


Rhumb Course, 89'^ 31'. 
40^35' cos. 9-8805 


cosec. 0-0000 
cos. 9*8805 


40“ 3 S' S. 

, i8"3i' 

W. 



cosec. 0*1867 



co.s. 7*9261 

D. Long. 

o'^ 44' 

sin. 8-1128 

Vertex 

18 31 


Long. 

J 7 47 



Ex. 3 . Find the point of Maximum Separation in South Latitude in the voyage betwcei/ 
Diego Ramirez and C. Lopatka. 


Rhumb Course, 46® 21'. Southern Vertex, 56"^ 50' S., 59'^ 


Lat. 56° 50' 
Rhumb Co. 46 21 
Lat. 49 ° 53' 


cos. 9*7380 
cosec. 0*1405 
cos. 9*8785 


I). Long. 5 s'" 32' 
Vertex 59 21 


21' W. 

coscc. 0*0774 
cos. 

sin. 9-9161 


Long. 114 53 


The manner of projecting the track, and of measuring the dis- 
tance on Mercator’s chart, are described in Cbaj). V. 


♦ In t>ie Ist A 2ci editions of this work the rule for this purpose is independent of the 
vertex ; but it requires modification in certain ca-ses, and the |»roce.ss now given is less 
coirples. 
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Ollier matters demanding consideration when it is proposed to 
make a voyage on a great circle, such as deducing the place of the 
sliip, and shaping the course afresh from time to time, are treated 
jii the division of the work appropriated to Navigating the Ship. 


The elements of several tracks on a great circle are collected 
together in the following Table for reference. 









CHAPTER IV. 

Taking Departures. 


I. JBy a Single Bearing and Distance. II. Determination of 
Distance. III. Methods by the Chart. 

347. Determining the })lace of the ship witli reference to a 
point of land, or other position of known latitude and longitude, is 
called Talnnc] a Departure. 

348. Tlie position of the sliip witli re.s])cct to a point of land or 
other fixed and cons])icuons object is defined by tlie (Hrectton in 
which she lies, and her distauce from it. 

The direction or bearing of the shij) from the hind, lieing tlie 
opposite of the bearing of tlie land from tbe sbij), is fiiriiis]i(‘d at onc^ 
by the compass, or it may lie found by observation of an Aatrouo- 
mical .Bearing ; but the distance from the point, when it cannot be 
estimated or guessed with sufficient precision, must be deduced by 
means of some fiirtlier observation, taken at the same time as the 
bearing, or after an interval. 

When a former position of tlie ship herself is adopted as a point 
of departure, the direction (or course) and the distance are detluc(.*d 
from the reckoning. 


1. By a Single Bearing and Distance. 

349. The object being set by the compass, its distance is esti- 
mated by the eye. 

This, which is the common method of taking departures, is near 
enough when the distance is small ; but the error or uncertainty in 
the estimation of the distance, which, jierhaps, may he stated gene- 
rally at one-fifth of the whole, becomes considerabh* when the dis- 
tance is great. Distances thus estimated are generally overrated. 


II. Determination of Distance. 

1. By two Bearings of the same Object. 

350. When the ship’s path lies across the line of direction of the 
object, tlie distance can be obtained by two bearings and the distance 
run by tlie ship in the interval of time between them. 
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Take the bearing of the object, and note the number of points 
^ontaiii(‘d between it and the ship’s head. After the bearing has 
altered not less tlian two or three points, note the nuntber of points 
ill tlie same angle again. 

Note. The ship is supposed to keep the same course ; if not, the course made good 
niust be eni])loyed. and the local deviation, if considerable, allowed for, as it will affect the 
different c<nirscs diflcrcntly. 

(1.) 'fo hiul the distance when the last hearing was taken. 

Enter Table 7 with the first niiniher of points at the top and the 
second miniber of points at the side; tak(i out the number corre- 
sj)onding, and iniiltiiily it by the number of miles made good by the 
sliip : the result is the (list, in miles at the time the lust bearing was 
taken.* 

Ex. The Eddystone bore N.W. by W. ; after running W.by S. 8 miles, it bore N.N.E.t 
required its at this In^t bearing. 

The number of ))oints between NAV. by \V. and \V. by S. is 4 ; that between N.N.E. and 
WJjy S. is II ; under 4 at tlie top and against 1 1 at the side staiuU 0*72, which multiplied 
bv 8 (miles), gives 5*8 miles, the Hist, required. 

The .student can easily supjdy a figure. 

(*2.) To find the distnn(’(.» when \\\q fust hearing was taken. 

Knt('r the "i’ahle with the su])})Iement (or ditferenee from 16 
points) of the second niiml)(‘r of ])oiiits at the lo]), and the sti])])le- 
inent of tlie first number of points at the side ; take out the multi- 
j)li(‘r, and jiroeeed as above directed. 

Ex. Find the Distance of the E<ld%>t<)ne at the time the first bearing (or N.W. l)y W, 
abuse) svas taken. 

Tlie sei’oml number of points is ii, the supplement of nliieh is 5: tlie first number is 
4 ]»(iiuts, the supplement <»f whieh is 12 ; then 5 at the top ami 12 at the side give the num- 
her 0 85, whicli multiplied by S gives 6*8 miles, the Disr. required. 

When the number of points between the object and the ship’s 
head at either observation is 8, that is, when th(‘ lu aring is at right 
angles to the course, the distance may he found by the Traverse 
Table (Table 1 or 2), hv entering the tabh^ w ith the miinher of points 
at the other observation as a course, and the <listanc(‘ run as 13. Lat.; 
the C()rres])oinliiig Dej). is the distance of the object when observed 
at 1)0® from the course. 

'351. JJcyrea of J)f>j)rn(lnice. As both the hearings and the dis- 
tance run are in all cases more or less liable to error, the resulting 
distance cannot be considered as e.xactly deUa’iniued. 

The degree of dependence inav he (*>tiinated by altering the 
b(*arings and distance by small (piantities e<|iial in amount to the 
probable errors, and repeating the work. (See j). 52.) 

Ex. In the example above, if (lie fir.st bi-aring be taken as NA\ . J W. instead of N.W . 
byW., the resulting distanec will be 6-^. If, on the other hand, the second bearing be 
tuken as N. by E. 4 E. imstead of N.N E., the re.Milting dist. will be 5*9. Since thus an 
J*JTor of 4 a point in either bearing produces at most an error of 6*5— 5'8, or 0*7 of a mile, 
Uie case is a gcjod one. 

(k) In general it will be enough to suppose an error in that 
bearing whicdi differs the most from 8 points, or 90®. 

,} Table was comstructed at the .suggestion of Sir F. Beaufort, and firit appeared in 

^aulical Maaazive, vol. i. p. 208. 
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(2.) The error of the required distance produced by an error in 
the dist. run, is a matter of simple proportion. For example, if the 
dist. run be of itself in error, the distance required will also be 

of itself in error. Hence the dist. run should not be much less 
than the distance required. 

The case is most favourable wlicn the triangle is equilateral. 

2. By tTouiuL 

352. An excellent mode of determining the distance is obtained 
by noting the number of seconds elapsed betwetni seeing the Hash of 
a gun and hearing the report. Sound travels, in a calm, about 1130 
,feet in one second ; hence it is easy to deduce the following approx- 
imate rule. 

Divide the seconds elaj)sed by 5, and subtract from the quotient 

of itself ; the result is the Dist. in miles very nearly. 

Ex. The mean of the intervals given by 4 guns fired from C. Shilling was 
required the Dist. of the sliip. 

5) H-i 
2-8 

1 -twelfth of 2*8 ‘2 

Dist. 2*6 

This method is capable of much precision when the gun and the 
ear are at the same temperature ami at the same height.* A mode- 
rate breeze in the direction of the sound causes a variation of about 
20 feet a second in the velocity ; a strong breeze more. 

3. By the Altitude of IJlyh Land, 

[1.] When the Object is sesn on the Sea- Horizon, 

353. The distance of the visibh? horizon from the spectator is 
equal to the true depre^ision or dip of tlie eye in Table 8, increased 
by about ^ of itself, f Thus, if the eye In? twenty feet above the sea, 
the horizon is distant five miles and about half a mile more. 

When, therefore, the sea-horizon is seen beyond the object, the 
distance of the latter is less than the depression. 

354. When the summit, or any other point of known height of 
an object situated beyond the sea-horizon is seen on thhi lincj its dis- 
tance is at once known ; for since the eye, the horizon, and the object 
are in the same straiglit line, the .sunc liorizon corresponds to hotli 
the height of the eye aiirl that of the object; the distance, therefore, 
betiveen these two points is, by No. 205, tlie sum of the d(*pression!J 
corresponding to the tw<. heights. 

Ex. From the mast-head, 87 feet above the sea, the Lizard flight, the height ot whieh in 
223 feet above low-water mark, is seen on the horizon : required its distiinee. 

The dip fTahle 8) to 87 feet is 10', that to 223 is 16'; the sum 26 increased by of 2 k 
or t/, is 28 miles, the Dist. required. 

* The um ertuinty to which tliis method i.s liable (though not worth notice in navig.'di<>^) 
may, when precision is required, be removed, in the ordinary state of the atmospheic* 
firing a gtm af (^ach extiemity of tin; line, and taking the mean of the ob.sorveil intervals. 

t In ihh nnd the following rule.s ’ised instead of ^ (sec No. 207), because 12 is a® 
easier divisor than J4. The difiereiict; is not worth notice. 
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This method will often be useful, but from the great uncertainty 
of terrestrial refraction it is impossible to assign with precision the 
degree of dependance. 


[2.] When the Object seen above the Sea-Horizon. 

355. Case I. When llie height of the summit, or other point or 
high land, is known, its distance is found by means of the altitude 
observ(‘d above the sea-horizon with a cpiadrant or sextant.'^ 

35G. The Ohserrntion. Observe the altitude of the summit, and 
estimate its distance in miles. 

Wditm the altitude (‘xceeds .3® see No. 359. 

357. The (.nmputntlon. Alt. under 3°. (1.) Correct the alt. for 

index error (No. 49()), and subtract from it of the estimated 
distance ; the remainder is the true alt. 

When the height of the eye exeet'ds 30 f(‘et, add of the cor- 
responding Depression ; the sum is the true altitude. 

(2.) Prom the true alt. subtract the true Depn‘ssion to the height 
of the eye, Table 8 : note the remainder. 

To the s(|uare of the ])e])r<‘ssion corresjujuding to the height of 
the summit add the s(juare of the nunaimhu* (whicli is found at once 
ill the column headed “ Square,” against the remainder as a De- 
pression). Look for the sum in the column head(Ml “ Square,” and 
take out the D(‘))ression corresponding; from this take the remainder: 
the result is the distance of the summit in mih's.t 


Ex. 1 . The alt. of a hill 2cco feet hij^h is ohsened 56' ; eorr. for index error, *—3'; the 
height of the eye, 20 feet ; e.stiinated Dibt. 8 le:igue«5, or 24 iiiiU s ; required its Distance. 

Dedueting of 24, or 2', and 3' error, leaves true alt. ^i'. 


True iilt. 51' 

True Depr. to 20 ft. •— i; 

Hem. .^6 


S(j»ian* of De{)r. to 2cco ft. 2304 
Ditto of lu. 46' +2116 

Depr. 67' Square 4420 
Hriu. —46 

Dist. recpiired 21' or miles. 


K.\. 2 . April 19th, 1829, Mr. Fi>her ohM-rxed fnun the po(»p of li.M.S. Spartu 
the alt. of Mount Etna, 2O' 30"; imU'x eorr. + i' 30"; height «)f eye, 3c feet; e>l 


(list. 20 leagues ; re»piired its l)i.*.t!ince. 
of 60', ~ 5' ^ 

Ind. for. + 2 ) I 

Alt. I 23 

True Dep. to 30 ft. — 6 
Rem. 


I 17 or 7 ;' 

The distanee hy the chart was 57 miles. 


(ite. -4, 
. , ^ , ^.'timate% 

Height of Kti»a, 1C9CC fret. 

Scpiare of Depr. to ic 900 ft. 12321 
Ditto <u’ Rem. 77' +3929 

Drpi*. 1 3 s' S»|uaro 18250 
Rem. — -- 

Di.''T. required 58' or miles. 


358. W hen the distance is too great for estimation, and the altitude 
low, the computation must be rt'peated. 

, Captain Beechoy ohserx’od from H.M.S. Sulphur, tlu? Peak of Toneriffe clearly 

‘ienned against the setting sun ; mean of 3 alls, on the are, 19' 32"; off the are, 19' 50"; the 


* In this instance, reference is necessarily made to the use of instruments which belong 
principally to Nautical Astronomy, and are, therefore, described in that subject, C'hap. II. 

t ^hen the height of the eye exceeds 30 feet, subtruel from the sum of the two squares 
taoove) the square of the corresponding Depression. From the nature of tlie observation, * 
Is enough to work to minutes only. 
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mean, 19' 41"; height of the eye, 18 feet; 
Distance. 

Alt. id 

Depr. — 4 
Rem. 16 


height of the Peak, 12 172 feet: required its 

Square of Depr. to 12200 ft. 13689 
Ditto of Rein. 16' +2 56 

Depr. 118' Square 1394. 

— 16 


Dist. required 102' or miles. 


Using this now as an estimated clistanec, aiul repeating the work, gives 109 miles. It was 
found next day by the chronometers to have been 115 miles. 


359. When the altitude is ^reat, or above 3®, tlie following- rule 
for tlie computation is jireferable to No. 357 : — 

(1.) Correct the altitude for index error, subtract from it of 
the estimated distance in miles, subtract furtlier the true Depr. of 
the eye (Table 8), and note the remainder. 

When the height of the eye exceeds 30 feet, increase the r(‘- 
mainder by of the depression. 

(2.') Add the log. cos. of this remainder to the log. cos. of the 
Depr. corres])ondiiig to the height of the mountain ; the sum (re- 
jecting 10) is the log. cos. of an ai*c, Trom thi^^ arc take the said 
remainder, this leaves the Dist. of the summit in miles. 


Ex. Mr. Fisher observed the altitude of Mount Etna, 5° 15'; 
estimated distaiiee, 8 leagues, or 24. nule.'> : required its l)i^taIl(•c. 


Alt. 

h of 24 

Depr. 



Etna, ht. 10900 ft. Dcp. 1^51' 

Remainder 5 8 

5- 27' 

Remainder 5 8 


height of the eye, 30 feet ; 

cos. 9*999774 
cos. 9* 99i^2SS 
cos. 9'998 o29 


Dist. 19 miles. 


360. Detjree of Df^peiuhince, To judge of thi'i, rejieat tin? com- 
putation, using a new altitude, varied from former by a number 
of minutes equal to the extent of the probable uiieertainty. 

For example. Suppose in K\. 1, No, ,*157, the altitude dcaibtful, or in error, 5'; reperitiait 
the W'ork, with the altitude 46', gives tin; di^tanee 23 miles, instead of 21 : henee vve infer 
that, supposing 5' to be in thi.s ease the utmost probable umartainly in the altitude, the 
distance may be depended upon to 2 miles. 

The greater the altitude the more accurate is the n'sidt. 

361. Case II. When tin? Infight ol‘ the laud is not known, the 
distance may be found while standing directly towards it, or from it, 
by means of two altitudes, and the dUtaiice run in the interval 
between them. 

If the course is not more than tw o j)oints out of the dircctiori ^^f 
the object, the distance run may be rednc(*f| to tin* change of distance 
of the object by means of the Trav(*rse Table. 

362. The Ohi^ervatioo, Obs(u*ve tlu? altitude. After a consider- 
able change in tlie altitude, obs(‘rve a second altitude at the same 
height of the eye. Note the rate of .sailing. ICstimate tin? distance 
at cacli observation. 

363. The Computation. Find tlie true altitudes, No. 357. (!•) 

Find from the rate of sailing the dist. run, and reduce it when ne- 
cessary to the change of distance made good in the din'clioii of the 
object, th'is, — enter lable 2 with tin* differenccj betw’(*en tlie ship^^ 
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course and the bearing of the object as a Course, and the Dist. run as 
Dist. ; the corresponding D. Lat. is the cliange of distance required. 

To the lesser altitude add half the change of distance, and sub* 
tract the Depr. corres})onding to the height of the eye ; call this the 
first remainder. From the greater altitude subtract tlie lesser alti- 
tude, and the change of distance ; call this remainder the second 
remainder. 

Multiply tlie first remainder by tlie change of distance, and divide 
the product by the second remainder; the quotient is the distance in 
miles when the greater altitude was taken. 

Ex. 1 . Observed altitude of Mount Etna. 28'; estimated distance, 20 leagues. When 
38 miles nearer, observed the altitude 5'“’ 15'; height of the eye, 30 feet: required the 
l)istinec. 

1° 28', deducting of 60 miles or 5', is 23'; 5*^ 15', deducting of 22 miles or 2', is 

5' n'* 

Lesser Alt. 1^23' Greater Alt. S'" U' 

^ [)i>t. run +19 Lesser do. i°23'l _ 

Uepr. — 6 Dist. + 3 ^ j ^ * 

ist rein. 1 36 2d rein. 3 12 

or 96 or 192 

Ex. 2 . Observed the altitude of Dunnose 41', estimated distance 4 leagues or 12 miles. 
Alter running 7^ miles ilireetly from it observed the alt. 20'. Height of the eye, 10 feet. 

The 1 st alt. reduced is 18'; the 2d, 40'. The 1 st rem. is 18*7 ; the 2 d, 14*5 : the Dist. 
rcijiiiri’il 9’ 7 miles. 

d()4. Degree of Dependanve, This ni.ay bo estimated by repeating 
tlie work with a new lesser alt., and also with a new change of dis- 
tance, diifering from those used before by ]', and comparing these 
two results with the first. If they do not diller miicdi, the case is 
evidently but little aifected by small errors ; if, on the contrary, they 
ditfer more than 1', it is siiewn that errors of observation are increased 
in the result. 

Thus ail error of i' in the lesser alt. produces in Ex. 1 , above, only 0*3 of a mile error in 
the distance recpiiretl, wliili-. in Lx. 2 , the latti-r error is ra. 

Again, an error of i inib! in tlie eliange «»!’ distance produces in Ex. 1 only 0*7 of a iniie 
in the re.sult, while in Lx. 2, it produces z .1 niil».>-. 

In ordinary cases an error of I' or 2' is more likidy to occur iu 
an alt. than an error of 1 or 2 miles in the ehangt^ of distance; and 
as precision is of less const'qnence in the greati'r than in tlie lesser 
alt. the value of tlie r(?sull will depend principally on the lesser 
II It i tilde. 

The less the 1st rem. is with rcspt'ct to the 2d, the less is the elfect 
produced by the above errors on the result. 

Thus, in Ex. I, the 1 st rein, is to the 2 d, or 96 is to 192, as i to 2 nearh, and the ea^e 
IS good. In Ex. 2, on the contrary, the 1st rem. 18*7, is greater than tlie 2d, i4'5» the 
result could not be depended u]um ithin 2 or 3 miles. 

Since these rules snpjiose the object to bt' referred to the 
sea-horizon, th(?y apjdy to all cases in wliicli the observer, tbongli 
Hear the land, can descend so near the surface of the water as to 
obtain a perfect sea-liorizon. 

Ihi the other hand, when the land is very distant, or the altitude 


then ^ ^ — 19 miles, 
192 

the Dist. required. 



120 


NAVIGATION. 


verj small, the methods in this section must not be roo confidently 
depended upon, especially in a calm, or when, from heat, vapour, or 
other cause, there is any tiling unusual in the appearance of the 
horizon. 


III. Methods by the Chart. 

1. Ci'oss Bearings, 

366. The true bearings of two points of land being o])servcd. 
draw lines Through them on the chart in tlie directions of tlu; ]K‘ar- 
ings; these lines cross in the place of the shi]). 

If precision is required, the variation proper to tlie direction of' 
the ship’s head at the time must be employed, in order to allow for 
local deviation. 

367. When the difierence of bearings is m'ar f)0° this is the most 
complete of ail methods; but if the difference is small, as for ex- 
ajnple^ less than 10° or 20°, or near 1S()°, tin; ship's nosition will he 
uncertain, because a small (UTor in the Ix'aring will then cause a 
great error in the distance. 

2. By Two Angles between Three Objects, 

368. When the ship’s place is rerpiired to considcu’ahle accnrncv, 
as, for example, in recovering a lo>t anchor, v(‘rifying the soundings 
on the chart, or other jmrposes, it should Ixi ch^'tm’mined by iiu*ans of 
two angles observed between three? ohj(*ets on slu)re. 

(1.) A convenient iii(;thod of laying down on the chart the angles 
observ^ed, is to dra\v \yitli a j)encil on trar*ing* or transparent paper, 
or on paper oiled for tin? j)urp«)se, limvs containing the ohscnvc'd 
angles. Then, laying this ])a]K‘r on tin; chart, ami moving it about 
until the lines drawTi pass over the res)x*ctive objects. Tin* angular 
point where they meet Avill shew the true ))lace of tin* observer. 

The horn ])rotractor (No. 108) may somr'tiiiies lu? conveniently 
employed, as lim's may he drawn on it with a ]>encil. 

(2.) Otherwise, cut out of ])astehoard or thick paprT the two 
observed angles, and th(?ii ])lacing llnun side,* by sid(g move them till 
the edges pass over the olqects oh^cawcMl. 

369. By ConstiucAwn, Tlie ohs(;rver is always on a circle pa^^sing 
through his own ])lace and any two objects (No.' 103); also the angle 
subtended by the tw^j objects is the same at all points of the cir- 
cumfereufx* on one side of the olqects (No. 140). Hence, by ob- 
serving iliis angle and laying it oft*, he can draw the circle on which 
he is, but cannot dotermine his position upon it. If now he a<ld!^ ® 
third object, he can draw a second circle passing through this and 
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fjitlier of the other two, and Ins })lace is the intersection of the two 
circles. 


Ex. 1 . Let ABC Ije three objects on 
t}ie chart ; the angle betwtn'ii A and B, 
formed at O, the observer, is 46 ; that be- 
tween B and C is 30“. 

Join A n,li C ; lay oft’ the angles R A M, 
ABAI, each eijual to the complenu nt ot‘46 , 
nr 44'^ ; then the iiilerseetion of the lines 
am, BM, is the centre of the; circle A B (). 

In like manner lay oil' B(^N, (.' B N, e;n*h 
etiual to the comjdcment of 30 , or be ; then 
is the centre of the cinde (’ BO, and () is 
the j)lace of the observer. 

Hie (Iriiwin^ of the fi^nro is 11 
the beariui;; of the middle ohjeet, 
fall. 



lateriiilly siin])li[ied, in practiets hv 
as this .sli(.*\vs wliere tin; lines must 


Ex. 2 . Tlie angle between two ohj»*ets 
A, B,is 47'“^, that between 11 and (' is 1. 7 . 

Bay olf ABM. BAM, * leh e<iual to 43 ; 
M is liie centre of A B (). 

Lay off C B N, B (' N, each (M|Ual to tin- 
romplemeiit of 107.', or 17 , tln-n N i- the 
u:ntrc of C BO. 



1^70. Dcmonsirdtian, llavimj; laid olf two etpial anodes A 11 il, 
J5A]M, and th'scrilied u circle from tin* ])oinl of intersection of 
A M, bis(*('t A B (liif. Ihx. 1 ) in ///, and join m X ; also take a point 
0 any where in the cirtMimfcrcnct*, and jtMii 0 A, () I>. 

Hien M is prrp. to A H (X(». 144), and alsf) bisects the antclo 
A I\1 13 (cor.) or A .M nt is Ijalf A 13. Also A O .13 at the circum- 
fcrenc(’ is half \M 13 at the contrt* (Xo. B'dl) ; henci', A O T3 and 

w/M A are etpial, and A M the com^ilcment of A is also tlie 

coinplciiK'nt of A O 13. A cindi^ th(*rcfort‘ has Ix'eii dt'seribed which 
has the uivtni am'dt* at the circumft'n'iice. 

The same ]»r(»of a])|)lies when tiu- angle at () exceeds qc . Thus, in lig. Ex. 2 , BOC, 
is measur-Ml by half the are B DC the eirelo eompleted, and B 1 ), DC. joined), 

which is therefore 214'^. llt iiee the (/rr BOC is 360^ - ^14', nr and the angle BDC 

nicasured by half this, is 7 c' ; B N C is 2 x 73 ', or 146 , and NBC (or N C B its e([iial), 

which is the eoinph-inent of half BNt', is «;c —73 , or 17"’, which i-^ the eompU-ment of 107A 

371. Tt is (‘vident that tIu* ]dac<‘ of O is most tiislinctly marked 
when tlu' circles ci*uss ('acli otiicr at a con.-idt'raldr amide ; and, on 
tile otluM* hand, that tin' I’esiilt is nnsatisfa<*torv when tin' two circles 
nearly eoincidi*, or wlicn their ctmtres are m*ar toLicther. These 
con<liti()ns o()V(‘rn tiu* tdioicc* of ohjtvts. 

372, When tlie shij) is in a line hetwetm any tNvo ohjeets A and 

(the student will <‘asily supply a. tii»;ure), the angde botAveen one of 

these objects and a tliird, C, hxt's lier position.* 


. , The difficulty of accurately laying down soundings in a direct line between two points 
P-d the author to construct a small optical instrument, which, by shewing the object behind 
spectator together with that wdiich he is approaching, enables him to kee]> the proposed 
•“^’tion exactly, or at once to recover it when lost. This instrument, now called a Diicctor, 
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For she is on the circumference of a circle passing through A 
and C, or li and C, and also on a straight line cutting the circle.* 

3. Jhj the Sounduhjs, 

373. When the d(])th of water is not great, and also varies 
sensibly with the distance from the? ])oint ot land set, this distance 
may be found from the (diart by means of the soundings. 

4. .By a J^earhiy, and the Lot, or Lony. of the Ship. 

374. When tlie lat. of the ship is known, tlie true bearing of a 
well-fixed point, less than 4 points from the meridian, or not njucb 
more, affords a very accurate de})arture. 

In like manner, when the long, of tin' shij) is known, the bearing 
of a given point more than 4 points from the meridian, or not much 
less, affords the departure. 


CHAPTER V. 

Charts. 

1. Use of Mehcator’s Chart. II. ('onstrixtion of Mercators 
Chart. III. Properties of Certain Projeotions. 

375. A CHART is a map or jdan of a sea or coast. It is con- 
structed for the pur]iose of ascertaining the j^ositinii of tin* ship with 
reference to the land, and of shaping a course to any ])Iac(*. 

37b. In charts, geinu-ally, tin? nj)per part, as tin* sj)(*ctator holds 
it, is the north, and that towards his rii^ht band the etist, as on tlic 
compass card; latitude is accordingly inea<iir(*d hetween the npjKr 
and lower edges, and longitinle betw(‘en the right-hand and left- 
hand edges. 

Parallels of latitude and nn*riclians are drawn at convenient di- 
visions of latitude and longitinh*. Coin])ass(‘S an? descrii.ed, hy 
means of which a line can be readily drawn in any jiroposed direc- 
tion ; and tbe variation is mark(*d where convenient. 11ie de|)lli of 
water is d(‘noted, as also, in some jdaces, the (piality of tlie ])ottoni. 
The directions and velocities of currents are ex[)ress(*d, and on some 
occasions the prevailing winds ari? marked. + 

i§ emj)loyo<1 l;y t)i(; H y(trot;ra|»liic O/ficc , and has been Ibund usoful by surveyors. An aeeoiint 
of its const, uctioii, ^Mrh an investigation of some of its properties, will be found in the United 
Service Journal, vol. ii. 

* In eee.ain cai-es the b(?aring CaloTie) of a point of land may be determined from the long, 
by ^hrononu-ter. See Suniner’d M<dhod, p. .115. 

t Chartv are also eonstrueted for special purposes, as variation chart»t to exhibit the 
variation, curretif charts, ?kc. 
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377. Besitles charts eiiiployod in general navigation, plans of 
harbours, ports, islands, or small districts, are constructed on a dif- 
ferent scale, for reference when the ship is close in with the land. 
On these plans arc inserted, besides the above j)articulars, the leading 
marks for channels or for avoiding certain dangers, aneliorages, 
phices convenient for landing, and for watering, vvitli nnnierous other 
delails proper to inaj)s. 

Plans of these kinds are often ins(n-t(‘d, for c<mv(;nience, in a 
corner of the general chart. 

378. As the sni’facc? of the globe is roiinrl, while tliat of the ])aper 
is flat, every chart exhiliiting any extent of snrliice is necessarily an 
ai'tihcial construction, or, as it is call(‘d, projection^ of the real state 
of things. Tin; charts used in navigation ai*(,‘ those on ^lercator's 
])rojection, because on this aloiu* the track of a shij) always steering: 
the same course a]>p(‘ai*s a straight line. 

371). On Mercatoi's Cdiart all the meridians arc? j)arallel, and the 
(](‘gr(‘cs of longitude? are all e(jual, being the same as those of the 
true diderema* of hititmh?. 3'he degrees of latitude are unerpial, 
being (wtemh'd at ea<di latitude beyond their })ro])er lengths, in tin? 
same ])ro])ortion as the degree's of longitude on tlu' globe are dimi- 
nished ; they are conse([U(?ntly greatc'r as the latitude is great(*r. 

For E\. the degn o of lat. 6o^, that w, bclNNCtMi 59' i and 60 , is duul>lc of i at the 

B'lualor, being increased in the ratio of the sec. lat. : i. 


I. UsK OF Mercator’s ('n.Mir. 

1. Positions on the Chart, 

380. To find the latitmh* and longitude of a point on the chart. 

Through the given jioiiit lay a i tder parallel to the nean'st pa- 
rallel of latitmie, and look at what degn'e and mintsti? tlu' etlgo entsi 
die graduated mei’idian at the .--ide, on which the latitude is markt'd. 
Jn like manner hiv tlu* ruler paralh*! to the nearest meridian, and 
see where the eilge enls tlu* graduated parallel of latitude at the 
upper or lower ('dge*, on whieli the longitmh* is markt'd. 

Or measure, liy tlu? coiujuisses or otherwise, the distance of tlie 
given j)()int from the lu'nri'st pai-alli'I of latitude, and setting off this 
distance fniin tlu? same ptiralh'l on the graduati'd nu'ridian at the 
^hle, note the di'gree and minute there (‘xprt'xed. 

In like manner, for the longitmb*, rcler the point to the nearest 
uioridian, along the graduated parallel at tlu* upper or ]oW{'r ('ilgc*. 

381. To find tlu? bearing or course* on the rhumb line between 
jdacos. 

Lay the edge of the ruler on the places, and refer it to the 
Uearost compass. 

Or, liold the thread of the horn protractor (Xo. IDS') on one of 
^ ‘u places, and placing the centre and the /.ero on a meridian, slide 
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it with the other hand up or dovvn till the thread covers both the 
places ; the bearino- then will be read otF on the graduated edge. 

^382. To find the distance on the rhmnb line between two phufes. 

(1.) When the ])laccs are on the same meridian. Find, by means 
of the ruler, where their parallels of latitude meet the graduated 
meridian at the side: the l)itf. Lat. they include is the distance. 

(2.) When the jdaces are on a parallel of latitude. Take one or 
more divisions of the graduated meridian at tin? j)arallel in the 
compasses, and im'asnre with this the distance of the places; or 
proceed as directed in (d). 

(3.) When the places lie obliquely. Take the distance between 
them by a pair of compasses, and lay it on the graduated meridian 
so as to be middled by the middle parallel between the places : the 
1). Lat. is the distance. 

Of the above modes of measuring distances on the chart the first 
is accurate. The other two are oidy approxiinate, though near 
enough for common ])urposes. 

When precision is required, the 2d case, which is Case II. of 
Parallel Sailing, must be solved by No. 307, 308, or 309, as the chart 
affords no facility. In like manner, if the places are nearly E. and 
W., the distance should be found by ('ase II. of Mid. Lat. Sailing, 
p. 100. In the 3d case, the construction dt'scrihi'd in No. 32S 
must be em])loyed. For this the chart is j)articularly ailapted, as it 
shews tlie Mej*. D. Lat. The true* D. Lat. is to be taken from the 
scale of longitiide. 

383. To lay off‘ a ])oint on the chart in a given lat. and long. 
Lay a ruler through the lat. at the sid(‘, and ])arallel to a parallel of 
lat. draw a ])eiicil line. Do the same ^^ith tlu* longitiuh*. 

384. The conr.’^e and distance? of the shij) on tin? rlimnh liin' 
being given from any point, to find her ]>lace on the chart. 

Lay the rul(*r through the givcm j)oiiit, in tlie din'ction of the 
course. Take the given dist. in degree's and minutes from tin* 
graduated meridian, so tliat tin? parall(*l of lat. wliieh tlie shij) is 
upon shall middle it ; lav off this distance along tin? edge of the 
ruler from the given j)oiiit, and the shi])’s place is d(?termiue(l. 

385. To lay down on the chart the position of the shij) as given 
by observation. Lay off the given latitude and longitude as direeteil, 
No. 383. 

To lay down on the chart tlic ))osition of the ship by 1). lb, that 
is, by her course and distaiKn? from a given point of de|)artiin? ; as, 
for example, lier place at last noon. 

Lay off' the conr.se aixl di^itanee as dirc'cted in No. 384. 

Marking tlie shij/s position on llie chart is calhnl jiricking the 
ship off. 

2. Projection of the Voyage on a Great Circle. 

386. Since the course and distance are liable to irregularities of 
wliich rh(j Dead Reckoning can take no account, a sliip cannot he 
kept for any length of time upon a prescribed track ; and since 
when she has mice deviated from the intended line, the course must 
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be shaped anew, it is evident that tlie accurate projection of a pro- 
posed voyaj^e on a great circle, even if less tedious than it is, would 
often be waste of labour. It will accordingly be sufficient, in general, 
to project tlie track roughly, thus: — 

387. AVhcn the places arc on the same side of the ecpiator. 

Find the course, No. 330, from each place to the other, and lay 
off both these courses on the chart. Find the j)oint of niaxiinura 
reparation in latitude, No. 344, and draw thi-ongli this jioint a line 
parallel to the line joining the places, which is the rhumb line 
het\v(*en llunn. 

Having thus three points in the voyage, and the direction of the 
track at each of these points, draw a curve line through them by 
liand. 


40 “ 



This figure represents Ex. 1, No. 337. The course from 8t. 
Ilcdona, as shewn laid off, is S. 34® W. The course from C. Horn 
is S. 105® E., or N. 75° hk The small cross slunvs the point of 
niaximum separation in latitude in 45® 5' 8. and long. 35® 18' W., 
and through it is drawn the short lim' parallel to the line joining 
the two places, which shews the course by JMereator from either 
place to the other. The dotted line, representing the track on the 
great circle, is drawn by hand, with tlie assistance of these three 
linos.* 


* This figure, which is drawn for S. Lnt., sIjcws the ]t:roat eirch' alto^ctluT to the soiuh- 
*^ard of the rhumb-line, as slated in No. .'11.'?. Uy holiliiiu; the ^uper inverted the 
wews the great circle between two plac'es in the same northern latitudes and having 02' 
U. Long., the cinde being then to the northward. 



126 


NAVIGATION. 


If the vertex falls between the places, find it (No. 346); tnen, 
since at this ])oint the course is E. or W., a fourth point, with the 
direction of tlie tract there, is <>iven, to assist in drawing the curve 
line. 

388. When the places are on opposite sides of the equator. 
Find the course from (‘ach j)lace to the other, No. 33J), and tlie })oint 
of niaxinium sepni-ation in each latifiide. No. 344. I’roceed, then, 
to find the longitude of tin* point where the threat circle crosses tlie 
‘equator, and the antile wJiich it makes with the meridian (the 
course) at tliat point, thus: — 

For the Longitude of tlui point. To the lot^. sine of the Lat. of 
eitlier place, add the loi*;. tan. of the Course (on the great circle) 
from that place to the other: the sum (rejecting 10) is the log. tan. 
of the D. Long, of the place and the ])oint recpiired. 

For the Course at the ])oint. Add together the log. cos. of the 
Lat. and log. sine of the Course (as ahaaidy employed) ; the sum 
(rejecting 10) is the log. sine of each Course najuired. 


Ex. Find the point where the great circle, passing through Diego Ramirez and Cape 
liOpatka, crosses the crpiator, and the Course at that point. 


Longitude. 


Course. 


D. Ram. Lat. ^6° 29' sin. 9*9210 

Course 1^2 17) tan. io*}168i 

D, Long. 80° 46' tan. 10*7891 
Dieg. R. 43 

Long. 1.^9 29 


36^ 29' cos. 9*7421 
82 17 sin. 9*9960 

CoinisK 33" 10' sin. 9*7381 
v/hich is evidently N. 33^^ 10' W., or 
S. 33^ 10' F. 


Ill this case there are tive ])oints given, with the direction of the 
shi|)’s track at each iioirit, to proj(‘ct the rt‘quired curve. 

389. A still sliorter method is merely to find tlie lat. and long, 
of tlie verl(‘X, and to descrihe on the chart a circle through this 
point and the two jilaces. This circle will coiuci(h\ v(*ry iiearlv 
with the great cii'cle for a coiisidorahle distance on both sides of tlie 
vertex, and wall therefore save the computation of positions in that 
region. 

This method does not always slunv very nearly the rnursos at the 
extreme places. Ihit as the length of a curve line is not imudi 
affected by a deviation in its direction, unless very considerable, the 
circle so descril)(*d affords a very near ajiproximation to the distance 
on the great circle.* 


3. II (j arcs of Different Tracks. 

390. The track of a shij) hy ^Mercator’s or by IMiddle LatifuJe 
Sailing, appears, as before; stat(;d (No. 378), a straight line on Mer- 
cator’s Chart, on which the meridians and parallels of latitude arc 
represented as straight lines. Hut 011 the globe such a course is 
really a spiraf winding towards one of the poles, which it can never 
reach. + 

* I am indebted for tliis very simple approximate construction to the Rev. George Fisher, 

•f* That a sliip .always steering any course, e.v<a*pt N. or S., can never reach the pole app^**'*’** 
thus ; — Supp<>se she steer N.N.E., then, since the pole always bears N. from her, she cannot 
reach it; th.a is, the axis of her keel cannot pa.ss over it till she alters her course to N- t® 
steer for it, which th.; (condition <loes not allow to be done. 
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Tlie track by Parallel Sailing, jn a circle on which tiie ship 
always maintains the same distance from the pole, also appears a 
straight line upon the chart. 

The track by Great Circle Sailing, except when on a meridian, 
appears on Mercator’s Chart as a curve line. It may at first seem 
inconsistent that a curve line can, in any case, represent a shorter 
distance than a straight line ; but every point of this curve line is 
nearer the pole than a point in the same longitude on the track by 
Mercator: and accordingly, if we divide the curve Into small por- 
tions, and measure each jmrtion as in No. 382 (2), or (3), in its owi; 
latitinle, wo shall find that the whole distance measures absolutely 
less than the length of the rhumb line joining the places.* 


II. Construction of Mercator’s Chart. 

301. The following instructions are merdy general : practice will 
suppl> details. 

In N. Lat. draw a line along tlie foot of the paptu’ for the parallel 
of lowest latitude. In 8. Lat. draw tlu* lino along the top. Divide 
this lino into degrees and parts, as 31/, 15', 10', or 5'. Draw at the 
sides two ])crpeiKlicnlars to this line, for the gi’adiiated meridians. 
Find, by Table 0, the M('r. D. Lat. hetwecm the lowest parallel and 
1®, or 30', See, above it. Take witli the compasses this Mer. D. Lat. 
from the equally divided ])arallel, and set it off from this lint‘ on the 
meridian to be graduated. Find, in like manner, the ^ler. D. Lat. 
between the said parallel and 2®, or 1®, See. above it. In this way 
the meridians are graduated. 

Parallels and meridians IxMiig tirawii at convenient intervals, 
and the points of the coasts laid down, the coast-line is tilled in by 
hand. 


III. Propertifs of Certain Projections. 

392. Since a small jmrtion of a globular surface may bo con- 
^-idered, in a practical sense, as a plane, charts of coasts, and ma])s of 


* In onlcr to verify, on a globe, the results of caleulations relating to tlie great eirelo and 
the rhumb line, the latter must be projected on the globe. To di> this. note, on the chart the 
ptitude and longitude through which the rhumb line passes, at cat‘h 4 or 5 ’, or less, aecord- 
to the degree of precision rccpiired ; then lay off these points on the globe, in their several 
iats. and longs, by means of the moveable meridian. A eun'e traced by hand through the 
points laid off will represent the rhumb line nearly enough. 

If the rhumb line between any two places, differing eonsidcrably in latitude and longi- 
hide, be produced on the chart, and tionsfen'ed thus to the globe, its spiral figure will bo 
dittinctiy iwrceived. 
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districts of limited extent, constructed from a scale of equal parts, 
exhibit, like the plan of a building or an estate, the relative direc- 
tions and distances of the places upon them very nearly. On this 
projection, divisions of latitude and longitude may be laid off in 
their due proportions by means of parallel and perpendicular lines, 
drawn at proper distances. In drawing these lines the minute or 
mile of latitude is taken as the unit of measure (Nos. 186, 199), and 
the parallels of latitude drawn through certain divisions. The length 
of a minute of longitude being to that of a minute of latitude as tlie 
cosine of the latitude to the radius, is determined by No. »304, 305, 
or 306. On a small portion of the surface the minutes of longitude 
are nearly equal, and the meridians are therefore drawn parallel; 
but if the extent of latitude be increased, the meridians will con- 
verge sensibly towards the polar side of the chart (No. 194, note ■^) 
and the character of the projection changes.* 

393. On ^Mercator’s Chart the figuia^ of each small district or 
portion of surface is truly re])resented, as in No. 392 above; but, as 
the mile or minute of latitude, which is the unit of measure, is of a 
different magnitude in every diherent latitude, if we take a grea^ei 
extent of latitude we introduce a new .scale of measurement. A 
small island, for exam])le, near the pole, is rej)resent(‘d, in regard to 
its shape, as truly as another near tlie eejuator, but on a larger scale: 
hence, though each small portion is truly iigured, ])()rtions in dilfer- 
ent hititiul(‘s cannot be directly com])are(l. Tluj apj)earancc of dis- 
tortion of the countries on Mercator’s Chart arises, therefore, from 
the distances in each latitude being drawn to a different scale. 

This projectio?! represemts, with pi*rfect accuracy, the relative 
])Osition.s of |)laces as respects a rhumb line ; it does not, however, 
exhibit the rehitive dislances between places, which, when reepured 
with precision, must be found by tin? proper construction. No. ^^28. 

The ])rojections here described become identical at the eejuator. 

394. Kvery bearing, obtained either by immns of tlie magnetic 
needle or astronomical observation, is a liorizontal angle on tlie 
surface of the sphere, formed at the vyc, and contained betwecui the 
meridian of the observ('r and a line drawn from the eye to meet a 
plumb-line passing through the point s(^t. Such angle is tlu^ same 
thing as the course on a great circle. Hence observed bearings arc 
never, unless due N. or S., or JK. atid \V, on the cMjinitor, identical 
with hearings taken frojii Mercator’s Chart. The difference is not, 
indeed, percejjtihle on common occasions, on account of the small- 
ness of t)ie portion of tlie sphere within the view of the spectator ; 
but in charts of high latitudes, graduated with much precision, it 
becomes manifest, and must be taken into consideration when it is 

^ * In the Plane Chart the degrees of latitude and longitude are all made ctjual. J-his 
projecnon repre.se.nts very nearly the relative direetion.s and distances of places near the 
equator, and surve.s for plans of ports and seas in those regions; but in higher latitudes it 
exliibits truly no directions but M and W., N. and .S., and no distances but those on a 
unTidian. lleiice the figure of every portion of surlm c, however small, is distorted. TlieM* 
charts »re no longer used. 
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required to employ the observed bearing of a distant mountain for 
any purpose in which precision is necessary.* 

A distant object cannot, accordingly, be correctly laid down on 
the chart, from its observed bearing and distance, except in low lati- 
tides; it must therefore be laid down in lat. and long, as determined 
ay Spherical Trigonometry. The line drawn from the observer’s 
place to this position laid down is then the bearing on the chart,— 
not the direction of the object, but the course which a ship must 
preserve in approaching it while crossing all the meridians at the 
same angle. 

It follows, in like manner, that three olijccts which lie in the 
same great circle (not the merid. or the equator), and therefore, 
when seen in a certain direction, appear in one, form, on the chart, 
in elongated triangle, the middle object of the three being on the 
polar side of tlie line joining the extremes. Thus the summit of 
Mount Athos, which lies a little (O' 39") to tlie N. of the great circle 
passing through Mount Olympus and the summit of Imbros, appears, 
on the chart of the Archipelago, nearly 2' to the N. of the straight 
line joining the two latter places. 

395. The bearing of a distant object, as taken from the chart or 
computed by Mercator’s or Mid. Lat. Sailing, may be converted, 
approximately, into the true azimuth, as it would be observed, 
thus : — 

Find half the Diff. Long, between the ])lace of observation and 
che object, and also the Mid. Lat. between them. 

To the log. sine of half the D. Long, add tlie log. sine of the 
Mid. Lat. ; the sum is the log. sine of the corr. required. Apply 
the corr. to the N. in N. Lat , and to the S. in S. Lat. * 

Ex. Tlie observer in N. lat. 40^^ 2' secs a |>eak in Lit. 40° 9' N., and 1° 54.' W. of him i 
required the true azimuth, as dedueiil tVoin the rhumb course ? 

*rhe Course by Mercator’s Sailing, is N. 85'^26’ W. 

D. Long. 1 14', half do. 57' sin. 8'2i96 j Rhumb bearing 85° 26' 

Mid. Lat. 40° 5' sirr. 9 8088 I Sub. 37 

Corr. 37' sin. 8*0284 I Truk Azim. 84 49 


CHAPTER VL 

Sounding. 

396. Sounding is ascertaining the depth of the water. This jb 
^?^,^uionly done by a lead attached to a line marked at certain 
divisions. 

* point, and also some considerations relative to the projection of the great circle 
n Mercator’s Chart by rectangular co-ordinates, are treated in the “ Traite de Geodesic 
‘ Usage des Marins,” par P, Begat Paris. 1839 . 


K 



130 


NAVIGATION. 


397- Tlie soundings marked on the chart are taken at low-water 
spring-tides ; the depth is noted in fathoms, and, in small depths, in 
feet, and the nature of the bottom is specified. The “ low water” of 
the charts is, generally, the average of the spring low water.* 

Since the ship’s place on the chart can thus be determined, within 
certain limits, by the soundings, it is always a proper precaution, 
however correctly the reckoning may be kept, to sound on approach- 
ing the land. In like manner, in a fog or during the night, the 
navigation is often made to depend upon the lead alone. 

398. Two leads are employed for sounding, the handAead weigh- 
ing 141bs. and attached to about 25 fathoms of line, and the deep-sea 
lead, weighing 281bs. and attached to 100 fathoms or more of line 
wound on a reel. A small lead of five or six pounds is sometimes 
used. Tlie quality of the bottom is ascertained by fixing a lump of 
tallow, called the arming^ on the lower end of the lead before it is 
thrown into the sea. 

399. In using the hand-lead, the h ajlsman, standing at the ves- 
sel’s side, or in the channels, throws the lead as far forward as he 
can, swinging it once or even twice over his head to give it increased 
force, and endeavours to draw the line tight from the lead at the 
instant the ship by her progress places him perj)endicularly over 
it. The hand-lead descends about 10 fathoms in tlie first six seconds, 
according to some trials made by Capt. Bullock ; hence, when the 
vessel is going fast, it is often difficult to get soundings. 

The line is marked at 3, 5, 7, 10, 13, 15, 17, and 20 fathoms.^ 
These depths are called rnarhs, and the intermediate ones deeps; 
for example, in obtaining 10 fathoms the leadsman cries, with a 
peculiar sbng, “ By the mark ten in 9 fathoms he cries, “ By tlic 
deep nine.” On some occasions the leadsman describes the bottom 
as hard or soft. 

The only fractions of a fathom used are a half and a quarter; 
ihus, 7i fathoms are called, “And a half seven;” l‘i fathoms are 
called, “ A quarter less eight.” 

400. In heaving the deep-sea lead, the lead is carried to the fore 
part of the ship, as the weather cathead or fore-chains, or tlie h e 
cathead, if the ship is making much leeway, the line being passed 
along outside. The ship’s way being reduced when necessary, the 
lead is dropped and tlie soundings are observed by an experienced 
seaman at the quarter. The deep-sea line is marked at each 10 
fathoms by the corresponding miinher of knots, and with a single 
knot at each five. The error of the soundings is generally in excess, 
because the line can raiely be stretched straight from the lead. 

401 In sounding in deep water in small vessels, which drift to 
leeward rapidly upon losing their way, it is generally advisable to 
drop the lead before the headway ceases, and to cause the vessel tc 
— 

* As this average height is not indicated by nature, it would be better, perhaps, taf 
general practice, and for the more ready comparison of soundings, to employ, instead, t 
lowest of all the low waters, . 

t Th«se divisions require to be measured or rectified from time to time ; when this 
done, the line should be thoroughly wetted. 
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gather sternway so as to pass over ilie lead, which will thus have 
descended through a considerable depth perpendicularly. 

Sounding in very great depths by the lead-line may be ex- 
pected, in general, to be most successfully performed in steam- 
vessels, in which the drift caused by the wind, or in certain cases 
by the current, can be nearly compensated by the motion of the 
paddles. 

402. The interruption to the voyage, and the inconvenience of 
rounding the ship in order to allow time for the deep-sea lead to 
descend to the bottom,* have led to the invention of instruments for 
sounding without stopping the ship’s way. 

(1.) Burt’s buoy and nipper is a simple and well-known instru- 
ment. The 1‘ine being rove through a spring-catch in the buoy, the 
lead is hove, and the buoy afterwards droj)ped into the water ; tlie 
line then continues to run through the catch till the lead reaches the 
bottom, or is checked by a pull, when the catch firmly seizes the 
line, attaching the buoy to it at the depth descended through by the 
lead. 

(2.) Massey’s lead, which registers the depth of water descended 
through by wheelwork set in motion by a By, has long been ap- 
proved. In depths exceeding 100 fathoms, the By is liable to be 
crush ed.+ 

(d.) Ericcson’s lead measures tne depth of water by the space 
into which the air contained in a glass tube and reservoir within tlie 
lead is condensed by tlic pressure of the water. The deptli is indi- 
cated on a graduated scale by the hciglit to w hich the w'ater rises in 
the tube.:|: 

Care should be taken, in hauling up tlieso instruments, that they 
are not suBered to descend again ; because, by raising and low’eriiig 
them alternately, they may be made to shew an increased depth of 
water. It is also recommended to lower the two latter gradually to 
the surface of tlie water. 


* In an niado by Sir James C. Ross, “ A Voyai^e of Discovery,*’ 

vol. i. p. 321, the <leep-sea lead tlesi'cnded through the first ico fathoms iu 38’'; the second 
100 in 48* ; the. third 100 in 69" ; an<l throuu:h 1540 fathnms iu 24“ 29*. 
t “ Survey of the River St. i.awrenee,” by Capt. Bayfield. 

t A description of tliis highly inp*nious instrument, with an investigation of some of its 
properties, and of the effect .s of temperature on the soundings registered, will be found in the 
^o^utical MagazinCy vol. v. p. 192. 
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CHAPTER Vir. 

The Ship's Journal. 

I. Keeping the Ship's Journal. II. The Day's Work. 

I. Keeping the Ship's Journal. 

403. As tho keeping of the log or journal, in the royal navy and 
in the merchant service, is a matter strictly professional, and as no 
one would l)e intrusted with it whose experience did not qniilify him 
to know what matters to insert and liow' to express them, — and, 
moreover, as the log-board, from which the ship’s log is copieci, is 
ruled in an established form, the following remarks are inserted 
merely for reference, and not as a complete description for the in- 
struction of the learner, who must acejuire this knowledge with that 
of the rest of his duty. 

404. In the navy the time in the ship’s log-book is reckoned 
from midnight, as civil or conimou time ; the first hour is, therefon*, 
1 o’clock in the morning, and the hours are carried on to 12, or 
noon, and then to 12, or midnight. The log-board, however, begins 
and ends at noon. 

In the merchant service it is the custom to begin the day at 
noon, and the hours are carried on to 12 at midnight, and flieii 
to the next noon. Hence, in the last day of harbour-log, it is usual 
to remark, “ This day contains twelve hours to commence the sca- 
log.” 

405. At noon, if the ship is in sight of land, a point or object of 
known latitmle or longitude is set, and its distance estimated. This 
method of taking a Departure, whicli, from its convenience, is in 
getieral use (No. 349), is sufhciently accurate when the ship is veny 
near the land ; hut when the land is distant, or (uiveloped in iiazc, 
and when, in conseijneuce, the estimation of distanc(^ is liable to 
great uncertainty, some other method should, if practicable, be 
adopted in preference, or at least employed as a chock. If thei’^ 
is no particular object in sight, the extremes of the land arc so‘l; 
and thus, in case of a fog coming on, the ship is secured, by keeping 
outside of the bearings of these extremes, from approaching the 
land* 


* wlicm the ship is in si^jht onaiid/her place is deterinined with rcferen(«^ J 

land al )ne, it is customary, during this time, to discontinue heaving the log, and therefore 
omit the in.sertion of the courses and distances on the log-board. It is sometimes, howev ^ 
proper to keep up the account when in with the land, as it afTords the means of discovering 
permanent curreut or the direction, strength, and time of change of the tide-current. 
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If the ship is out of sight of land, the Course and Distance made 
good in the last 24 hours, the Latitude and Longitude by Dead 
Reckoning, as also by Observations if they are obtained, are in- 
serted, together with the Bearings and Distance of the port or of 
the land worked for. 

40G. It often happens, from change of long., that the day of 24** 
lias expired before the sun has attained the meridian. In this case, 
the hours having been truly measured, and the hourly distances 
rightly assigned, the reckoning is truly registered up to the run- 
ning out of the last glass, and an increased distance must therefore 
be marked against the last hour or half-hour. 

In like manner the day may really have expired by observation 
before the 24 hours are completed. In this case a diminished dis- 
tance must be marked at the last hour or half-hour. 

407. The Leeway should always be marked on the log-board, 
since it is impossible for any one to know what leeway the ship 
may be making in bad weather when he is not on deck. 

408. At the end of cv(‘ry watch, at the close and dawn of day, 
and at the coming on of a tog, the land is set; so that, iji case of 
losing sight of it, a Departure may always be secured at the latest 
period. 

409. The Weather is described at the end of each watch, or 
oftoner, as occasion may suggest. In order to mark the strength of 
the wind, and the description of the weather, with more distinctness 
thnn the terms in general use among seamen are capable of express- 
ing, Sir F. Beaufort has proposed the following system of numbers 
and letters, which has been adopted by order of the Lords Com- 
missioners of the Admiralty, dated Dec. 28, 1838, in ILu' Majesty's 
shi])s : — 

Figures to denote the Force of the Wino. 

o — Calm. 


I — Light Air 

^ — Light Breeze I 

3 — Gentle Breeze ... 

4 — Moderate Breeze J 

5 — Fresli Breeze ^ 

6 — Strong Breeze .... 

7 — Moderate Gale .... > 

8 — Fresh Gale 

9 — Strong Gale j 

10 — Whole Gale < 

> I — Storm ( 

— Hurricane < 


Or, just suflieient to give steerage way. 

Or, lliat in whieh a well-coinli- f i to 2 knots. 
tione«l nian-()t*-w’ar, with all) . 1. 

sail set, and eleau full, would! ^ 
go in smooth water from 1 5 to 6 knots. 

fTloyals, &c. 


Or, that to which she could 


Single -reefed topsails and top- 
gallant sails. 


Donblc-reolVd toj.saik, jib. 


I I Triple- reefed topsails, &c. 

lose -reefed topsails and courses. 

Or, that with which she could scarcely bear close-reefed main-top* 
sail and reefi*d foresail. 

Or, that whu'.h would reduce her to storm -staysails. 

Or, that which no canvass could withstand. 
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Letters to denote the State of the Weather 

b — Blue sky; whether with clear or hazy 
atmosphere. 

c — Cloudy ; but detached opening clouds, 
d — Drizzling rain, 
f — Foggy — f, Thick fog. 
g — Gloomy dark weather, 
h— Hail. 

1 — Lightning. 

— Misty h.azy atmosphere, 
o — Overcast ; the whole sky being covered 
with an impervious cloud, 
p — Passing temporary showers. 

By the combination of these letters, all the ordinary j>henomena of the weatlier may bt 
recorded with facility and hnwity. Examples: — b c m, Blue sky, with detaclual opening 
clouds, and a misty atmosj)luTe. g v. Gloomy dark weather, but ilistant objects remarkably 
visible, q p d 1 t. Very hard squalls with passing showers of drizzle, and accompanied by 
lightning with very heavy thunder. 

410. When a heavy sea is running-, or wlien a swell rises witlioiil 
corresponding wind, the circumstance is noted. 

A swell is named after the point of the compass from which the 
waves proceed, like the wind tliat [)roduees them. I'o denote, liow- 
ever, a south-westerly swell (for example) as a swell from the S.W.” 
removes all ambiguity.* 

411. The variation of the compass, when observed, is inserted in 
the remarks ;t as also the results of occasional observations, as tlie 
latitude by double altitude, by the moon, planets, or stars, the longi- 
tude by lunar, <&:c., the exact time of observation being specified. 

412. In general, besides the details ])roper to the particular 
service on wliicb a vessel may be employed, all matters relaling to 
her place are inserted in the log, not only for the safety or conve- 
nience of the present voyage, but as matter of intelligence or of 
evidence in the case of future iiupiiry. Hence tlic circumstance of 
seeing or speaking a vessel is always noticed. 

413. The following is the form in which the logs of her jMajesty’s 
ships are directed to be kept by an order of the Board of Admiralty 
in Se}>tember 1850. 


q — Squally. 

r — Raia ; continued ram 
s — Snow, 
t — Thunder. 

u — Ugly threatening appearance of th«r 
weather. 

V — Visibility of distant objects, whethei 
the sky be cloudy or not. 
w — Wet dew, 

. — Under any letter indicates an extraor 
dinary degree. 


* Captain Horsburgh complains, in bis “East India Directory," that in several journals 
which he had Iwid oceasion to eoiisult, he found the eurretit and the swell denoted in 
exactly the opposite manner from that which had been intended, tbere))y producing utti'r 
confusion. It is therefore liighly important that seamen, when they note such circum- 
stances, should either scrupulously adhere to cstabli.shed terms, or, to avoid ambiguity of 
language, write matters at length. 

f As the observed variation changes with the direction of the ship^s head (No. 236), nud 
with her inclination (No. 240), both these elements, as they exist at the time of observatioi?» 
should bt stated ; the latter may be noted thus : A " St., implying 4° to starboard ; 13° Fo., 

' to port. 
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414. The steam-vessels of Her Majesty’s fleet keep a log like 
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other vessels, which occupies the left-hand page of the log-book, 
and on the right-hand page a further Register, as follows : — 
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415. The following example of the log of a merchant ship is 
extracted from the log of the brigantine Tula,"^ John Biscoe, 
<'ominander, kept by O. White, mate : — 

* The Tula and her consort, the Lively, were fitted out by ISIcssrs. Enderby on a voyage 
^ discovery in the Antarctic regions, for the purjiosc of examining the state of the whale and 
seal fisheries. I am indebted to those enterprising gentlemen for the above example of a 
which wag selected from numerous others on account of its having been kept with 
care. 
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176 
2 8 
384 
484 
5 8 
6 8 

7 8 

8 8 
9 8 

fo 8 
1 1 8 


294 

3 9 4 

4 9 

5 8 

6 7 

7 7 

8 6 6 
962 

10 6 

11 64 

12 6 1 4 


N.W.byN. S.S.W. 


N.W. by N. 


Hemarks. Monday, March 10th, 1B34. 


Steady breezes and fine clear wr. ; 
possible sail set to advantage. 

4** Steady breezes and do. wr. 


8** Do. wr. Stowed the gafT-topsail. 
10** Fre.sh breezes, with pas.sing clouds. 

Midnight. Increasing breeze and clear 
wr. 2'' In t. g. sail and fore-topmast stud.- 
sail. 3*' 30'“ Passed an iceberg, 

4*' Strong winds and heavy squalls ; 
carried away the jib boom and split the sail. 
Took in gatf t. sail. In two reefs in the 
t. sail and mainsail. 

6^“ A little mod. and clear ; set the stay- 
f.sail. Passed an iceberg. 7’' Took the 
bonnet off the g. t. sail and set it. 

Noon. Frcsli breezes and clear wr. ; let 
one reef out of the topsail. ^ 

Lat. ohs. 46° 37' S. 


, N. 10” W. Dist. 1H'». D. Lat. IH 02 . Dop. 01 1). Long. 02'. Lat. D.R. 4 
Long. U.R. 54” 25' W. 


4 N.byW. S.W. 


Remarks. Tuesday, March 11th, 1834. 


Fresh breezes and fine clear wr. 3** Set 
the t. g. sail. 


N.byW. W.byN. 
North. 

N. by E. 


7’’ Mod and clear. Saw a large ice- 
berg N.N.E. 8** Increasing breeze, with 
pulls at times ; in top gall. sail. 


Midnight. Fresh breezes and clear wr. 
I** Passed about half a mile to leewai'd of 
au iceberg. 4*^ Do. wr. 


I I I Lu^rn’hour “‘sht- 

^ ^ erl Fresh breezes and clear. Seven iee- 

^ ^ ^ ’ bergs in sight, and a quantity of small ice. 

I ^ Latter part mod. and clear, with a heavy 

^ irregular sea. 

4 Lat. ohs. 44° 38' S. 

Course, N. 18* E. DUt. 1?0. D. Lat. 115-4. Dep. .'W-l. D. Long.4B'. .LaL D.R. 44®4PS. 
Long. D.R..W.37'W. 
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416. As different plans of keeping ships’ logs have been adopted 
Prom tin e to time, we shall repeat here some of the remarks on the 
iubject which have appejired in the preceding editions. 

The latitude by D.R. and by observation, and the longitude by 
D.R. and by observation (chronometer), have been inserted in 
various ways. Perhaps the most convenient method would be to 
contract the depth of tlie horizontal space occupied by the lieadings 
It Course,” “ Distance,” &c., and to deepen the next space below 
tlieiii, and then to write the Obs. under the D.R. in both latitude 
und longitude. In this position they could at once be compared, 
and, if necessary, the differences taken, as for finding the effect of a 
current or other purpose.* The longitude by lunar would always 
be noted in the Remarks, because this cannot be a daily observation 

Consistency would require the courses to precede the columns 
K. and P., because the Course is always spoken of before the Dis- 
tance; but tins may be l(;ft to convenience or to custom. 

It certainly seems desirable that a systematic method of keojiing 
sliips’ logs should be universally adhered to. It appears a needless, 
and' is a very perplexing arrangement, that the forenoon should be 
Saturday, and the afternoon of the same day Sunday. The astrono- 
mical day (which is reckoned in this way) has, indeed, for its begin- 
ning, the sun’s meridian passage at noon, because this is a fact that 
may be observed, and is tak(?n as a point of departure; and when we 
have to make astronomical calculations, we of course refer to the 
beginning of the astronomical <lay. But surely no satisfactory 
reason can be given for employing astronomical time for civil pur- 
jmes, and thus perplexing the common transactions of life by con- 
siderations which have nothing whatever to do with them. 

In merchant-ships the log is most commonly marked every two 
hours only ; mmdi is thus left to guess-work in cases of alteration 
of course or wind. But this is not the worst part of the system ; 
for instead of writing against the hours the distance riniy the rate 
for the two hours is written : so that, instead of adding uj) distances 
with a reasonable chance of some com])ensation of errors, the rates 
are multiplied, with the certainty of doubling the errors of the 
estimation. 


* Amaher compartment has been added by some navigators, and appropriated to the 
enccts of tlie current, as <ledueeil by comparing Uio ship’s place by D.R. with that by obser- 
tdUon. The navy log appears complete for these several purposes. 
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IT. The Day’s Work. 

417. This is the process of finding the place of the ship, wit 
reference either to her piacc at yesterday s noon, or to a departin' 
taken since, and comprises. 

1st, The Course and Distance made good ; 

‘2d, The Lat. and Long, in ; 

3d, The Bearing and Distance of some port, which is either t 
be stetu’ed for directly, or is an intermediate point of land witli ref’ci 
ence to which the course is to be shaped, so as to make it or t 
avoid it. 

418. To work a day’s work. (1.) Take the courses, with tli 
distance run on each, from tlie log-board. 

When a departure has been taken, consider it as a course aiii 
distance in the opjwdte direction. 

If the variation has changed more than 2® since the departur 
was taken, correct each course separately. No. 224 ; if not, defer tlii 
correction. 

Every course affected by leeway must be corrected accordingly 
The quantity, if not marked on the board, must be estimated fron 
the circumstances. 

When the shij) is on the starboard tack, allow tlie leeway to tli( 
left; when on the port tack, allow it to tlie rights the observe] 
being supposed in the centre of the compass. When the ship is 
hove-to, take the middle point between that to which she conies ii) 
and that to which she falls off, for the coinj)ass course, and corrcc 
this for hieway. 

(2.) Having corrected the Courses thus far, take out to cacli tlic 
D. Lat. and Dep. from the Traverse Tables I. or 11., and find t!ie 
Course and Distance made good by Traverse Sailing, No. 287. 

If the variation has not been allowed for, apply it to the resulting 
course, No. 224. 

(3.) Apply the D. Lat. to the Lat. left: the residt is the Lat. in, 
No. 190. 

With the Lat. left and Lat. in, and the Course, find the D. Long, 
by Case I. of Mid. Lat. or Mercator’s Sailing (No. 315 or 323), uidc^^ 
the Course is due E. or W., when proceed by Case I. of Parall^ 
Sailing, No. 304. 

Having the Long, left and Diff. Long., find the Long, in, 
196. 

(4.) Having now the Lat. and Long, of the ship, and those of 
the port to be wdrked for, find its Bearing and Distance ; if 
Lat. of the ship, by. Case II. of Parallel Sailing, No. 307 ; othenvi;^^’ 
by Case II. of Mid. Lat., or Mercator’s Sailing, No. 318 or 326; 
find the Course on a great circle. No. 337 or 338. 

It is mere waste of time to work tlie Course nearer tluui to t 
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whole degree ; for even if the compass could lie depended upon, as 
it cannot be, to 1°, the ship cannot generally be stee^red within twice 
that quantity. 

Kx. 1 . (See No. 415 , March iith.) CJourses, N. by W. 39 miles; N. 22 ; N. by E, 62; 
var. 14'^ E : fiml the Lat. and Long by D.R. 


D. Lat. 121 N., and Dep. 4 5 E., give 
Course N.2‘ E., by compass, Dist. 121 miles. 

Allowing 14^^ to the right, gives Couusk N. 

16 E. true. True D. Lat. 116, Dep. 33*4. 

Ex. 2 . The ship while hove to for the first two hour?, with light north-easterly winds, 
came up to E., and fell off 8.S.E. ; taking S.E. by K. as the middle course, allowing 2 pts, 
leeway, and 3 miles distance, gives S.E. by S. 3 miles, after which the courses ai\d dists, 
follow us below. Lat. left 29*^ 26' N., long. left 127® 42' E. : find the Lat. and Long. in. 


D. Lat. 1 18 1° 58' 8. 

Lat. left, D.R. 29 26 N. 

Lat. in, D.R. 27 28 N. 

Lat. left 29', and Lat. in 27*^, 
give Mid. Lat. 28^, 

Then 28° and D. Lat. 

14” give Dist. 16' E. 

Long, left 127 42 E. 

Long. in, D.R. 127 58 E 


Lx. 3 . The Departure is taken from the Eddystonc, hearing N.N.E. iz miles. The 
smp ran, on the starboard tack, S. by E. 14 (miles), S. by W. 10, and S.W. by W. S. 
Ushaiit * leeway, and z\ points westerly variation. Find the Bearing and Distance of 

1p^ peparture gives a Course S.S.W. (No. 418 ( 1 .)). Correcting the other Courses for 
c S.S.E. \ E., S. by W. becomes S. | E., and S.W. by W. becomes 

■ 2 


Courses. 

Dist. 

N. 1 S. 

K. 1 M-. 1 

S.E. by S. 

3 


2-5 

1*7 


S.S.E. { E. 

23 


20*3 

10*8 


S.S.E. 

49 


45*3 

i8-8 


S.byE. |E. 

24 


23*0 

7-0 


S. by E. 

6 


5’9 

1*2 


S.W. by S. 

8 


6-7 


4*4 

S.W. 

7 


4*9 


4*9 

S.W. by W. 

7 


3-9 


5*8 

W. by N. 

5 

1*0 



4*9 

S. \ E. 

6 


6*0 

0*6 




1 ’O 

I i8*5 

40-1 

20*0 




1*0 

20'0 





Ii7-S 

20* 1 



I he D. Lat. 1 17*<; and Dep. lo’ i give Course 
by (kimpass S. 10 ' E. Dist. 119 miles. 

Applying 3° ( var.) to the right gives Course 
b. 7° E. true. Then 7° and Dist. no give 
D. Lat. 11 8*1, and Dep. 14*5. 


Courses, 

niat, 


s. 

K. 


N. I pt. W. 

North. 

N. I pt. E. 

39 

22 

62 

38*2 

22-0 

6o-8 


12*1 

7-6 

7*6 

121*0 

4*5 



D. Lat. 1 16 
Lat. left 
Lat. D.R. 
.Sum of Tjats. 
Mid. Lat, 


S6'N. 

46 37 S. 
44 41 S. 
91 t8 


4-5 39 


Mid. Lat. 46°, and Dep. 33*4, as 
D. liat., give Dist. 48, which is the 
D. Long. 

Long, left 54^ 2 s' W, 

D. Long. 48 E. 

Long. D.R. 53 37 W. 




14.2 


NAVIGATION. 



D. Lat. 39*6 and Dep. 2*1 give Course 
S. 3°W., Dist. 40. Applying 2» pts. or 25° 
to the left, gives Course S. 22'^ E. true. Then, 
Course 22^ and Dist. 40 give D.Lat. 37'i» 
Dep. 15*0. 


Eddystone Lat. 50° 1 1' N. 

D. Lat. 37 S. 

Lat. in, D.R. 49 34 N. 

Lat. left 50° and Lat. in 49]^® 
give Mid. Lat. 50*^. 

Then ^o'-^ and 15*0 as D. Lat. 
give Dist. 23", the D. Long. 

Eddystone Long. 4° 16' W. 

D. Long. 23 E. 

Long, in, D.R. 3 53 W. 

Lat. in 49° 34' Long. 3° 53' 
Ushant 48 29 5 3 

1 5 = 65' I 10 = 70' 

Mid. Lat. 49" 

Course 49° and Dist. 70 give 
D. Lat. 46 ; this, as Dep. and 
D. Lat. 65, give Bearing S. 35'^ 
W., Dist. 80 miles, and Course 
to be steered S. 60"^ W 


Ex. 4. A ship from lat. o'" 5' N., and long. 0° 17' W., sails S.W. by S. 7 miles, S.by E. 
22, S.S.W. 4 W. 8, and N.E. by E. 20 : find the Course and Distance to C. Palmas. Var, 
19° W. 


Courses. 

Dists. 

N. 

s. 

E. 

w 

S. 3 pts. W. 

7 


5*8 


3*9 

S. I pt. E. 

22 


21*6 

4*3 


S. 24 pts.W. 

8 


7*1 


3*8 

N. 5 pts. E. 

20 

in 


j6*6 





34*5 

20*9 

7*7 




11*1 

77 





23-4 

13-2 



D. Lat. 23*4 and Dep. 13*2 give Course 
S. 29° E , Dist. 27 miles. Applying 19^^ to 
the left, gives Course S. 48° E. true. Then, 
Course 48"" and Dist. 27 give D. Lat. 18 and 
Dep. 20. 


Lat. from 0° $' N. 

D. Lat. o 18 S. 

Lat. in, D.R. o 13 S. , 

Near the equator Dep. is Dilf. 
Long., No. 311 ; lienee, 

Long, from 0° 17' W. 

D. Long. o 20 E. 

Long, in, D.R. o 3 E. 

Lat. in o”i3'S. Long, o'^ 3^ E. 

C. Pal. 4 22 N. 7_4;4 W. 

4 35 = 2175' 7 47 = 467 

D. Lat. 275 .and Dep. 467 give 
Course N. 60 ' W., and Di'iT. «;40 
miles ; and Course to be steei^ 
N. 41'^W. 




NAUTICAL ASTRONOMY. 


CHAPTER 1. 


Definitions. 

419. Tins branch of the subject, as already defined under the 
head Navigation, No. 179, relates to finding the place of the sj)ec- 
tator on the surface of the earth by observation of the heavenly 
bodies. 

420. To the spectator at the surface of the earth the heavens 
appear to form a vault, or the upper half of a hollow sphere, of 
which he is the centre ; the earth itself, or the ground or sea on 
which he stands, occupying*; the lower half. Any two points on the 
apparent concave or celestial surface, as tw'o stars, for exanj|>le, may 
be supposed to be connected by an arc of a circle drawn on that 
surface ; and thus the aj)parent celestial spliere may be conceived to 
be marked with circles like the terrestrial globe. 

421. The spectator stands w ith his feet towards the centre of the 
globe; that is, a plumb-line, which is vertical, passes through the 
spectator and this centre ; * and thus the spectator ahvays conceives 
himself on the summit of the globe.+ Suppose him now to descend 
the above line to the centre, and then suppose the upper half of the 
earth or globe to be cut off horizontally, that is, parallel to the 
horizon, or perpendicular to the plumb-line. The surface of the 
lower half-globe, or hemisphere, so exposed, being produced on all 
sides to meet the concave celestial surface, is called the Rational 


* The earth is here supposed to be a globe ; the plumb-line does not exactly pass througn 
the centre of the spheroid, but the ditlVrence is not worth notice here. 

t This is the principle of rec.tifying the globe, or placing the globe to shew the relative 
position of the spectator and the heavens. 

To rectify the globe, as, for ex., for Greenwich, in 51® N. Lat. Place the globe on a 
level surface, so that the broad rim, or horizon, shall be horizontal. Take hold of the brass 
meridian, and turn the globe round in its stand (upwards or downwards) until the N. pole is 
51 above the rim. 

Direct the N. point of the rim (now under the pole) to the true north. Turn the globe 
round its axis till Greenwich passes under the meridian : Greenwich will now be the upper- 
most point. 

f ^ globe now makes the same angle with the woo<len horizon that the axis 

® the heavens (or line joining the centre and the poles) makes with ft e horizon of the spec- 
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Hohizon. Every point of the earth’s surface has thus a different 
rational horizon, but all these horizons have the same centre. 

42*2. It becomes, in general, necessary, for considerations whic]' 
will appear hereafter, to reduce celestial observations taken at tin 
surface of the earth to what they would have been if taken at tlio 
centre ; in the following figures, therefore, the observer is supposed 
to be at the centre of the earth. The dimensions of the earth are sc 
small in comparison with the vast distances of the stars, that the 
above" change of place of the spectator from the surface to the centre, 
or to any otlier point, would produce no change whatever in the 
apparent places or directions of the stars; and, accordingly, the 
magnitude of the earth, in drawing figures for general pui-poses, is 
neglected, the earth itself being considered as a mere point in the 
centre of the great sphere which circumscribes the stars. In the 
case of nearer bodies, as the sun and some others, and especially tito 
moon, which, when viewed with delicate instruments, appear in 
different directions when seen from different points of the surface of 
the earth, this apparent change of place is allowed for by a special 
calculation. (See Parallax, No. 435) 

423. The Zenith is the point vertically over the spectator, and 
distant 90® from the rational horizon at every point. 

The point opposite the zenith, or under the spectator’s feet, on 
the other side of the centre, is called the Nadir. 


Fig, 1. 

N 



In fig. 1, NWS E represents the Rational Horizon ; N S, tlic 
Meridian of the observer; N, S, E, W, the North, South, East, ninl 
West points ; Z, the Zenith, which is seen directly over, or in one 
with the centre. This figure is drawn on the plane of the rational 
horizon, and shews the several circles as they would appear to an 
eye looking down vertically from a point at a great distance above 
the zenith. 

Tig. 2 is draw’ll on the plane of the meridian, and shews fli^^ 
several circles of the upper or visible half of the sphere, as they 
wouhl appear to the eye situated at a great distaneo due east of the 
sphere. In this figure the circle N W S E, or the horizon, appears 
as a straight line N S, being seen edgeways ; while the meridia^N 
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which in fig. 1 is the straight line N S, appears here as the semicircle 
N P Z S. The E and W points are seen in one with the centre. 

Of these two figures, that one would naturally be preferred which 
would best illustrate a proposed case. Fig. 1 may generally be 
employed to exhibit the hour-angle and azimuth ; and fig. 2 the 
altitude, when the celestial body is near the horizon.* 

424. P, the Pole of the heavens, is the point which remains 
fixed, whilst the rest of the celestial surface seen above tlie horizon 
appears to revolve. 

The pole P is here represented as the North pole ; the othei 
extremity of the axis round which tlic splierc appears to revolve is 
the South pole, and takes the place of P when the figure is drawn 
for S. Lat. This pole is called the elevated ])ole. 

425. The circle E M W, 90® from the pole, is the Celestial 
Equator. The plane of the earth’s ecpiator, E M W, fig. p. 55, 
No. 180, being extended to the heavens, marks on the sphere the 
celestial equator. 

426. A Celestial Meridian is a semicircle passing through 
the pole of the heavens ; P Z S is the celestial meridian of the 
spectator. The plane of the terrestrial meridian extended to the 
heavens marks on the sjiherc the celestial meridian. 

427. Circles of Altitude are circles passing through the 
zenith, and vertical at the place of the spectator. Thus Z A H is 
the circle of altitude passing through a star A, Such, also, are 
ZMS, ZPN. 

428. The Prime Vertical is the vertical circle E Z W passing 
through the E. and \V. points. In fig. 2, E Z W does not appear, 
being in one with C Z, a radius joining the centre and zenith. 

When tlie observer is on the equator, the celestial equator and 
prime vertical coincide. 

429. Altitude is measured on a circle of altitude from the 
horizon ; thus A H is the altitude of A. 

The arc A H is the measure of the angle A C II, which would 
be formed at the centre by two straight lines, C II and C A. The 
alt. of a body M on tlie meridian is M S, wliich is the measure of 
the angle MCS. 

430. Parallels of Altitude are circles paralhd to the horizon. 

431. Zenith IIistance is tlie arc included between the zenith 
and the celestial body, or the angular distaiic(‘ of a body from the 
zenith of which that arc is the measure. The zenith distance is, 
therefore, the comjilcment of the altitude to 90°, as ZA. 

432. The altitude of a celestial body, as seen from the surface of 
the earth, is called the apparent altitude ; as seen from the centre, 
the true altitufle. 

A ray of light, proceeding from the body, when not in the zenith, 
to the eye, in traversing the earth’s atmosphere, n Inch is heavier, 
or denser, as it is nearer the surface, is bent more and more as it 


iTst itnanner the figure may be drawn m me plane of the equator (as in Nos. 472, 

“A lu that of the prime vertical, or any other eirele. 


L 
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approaches the earth, towards the perpendicular direction ; and as 
ihe spectator sees any object, not always in its true direction, but 
in that direction in which the light from it finally enters his eye, a 
celestial body appears higher than its true place. Thus, the ray 
S A, whicli proceeds from a star, is more z s, 

and more bent towards llie vertical line 
AZ as it approaches the surfsice, whereliy 
the spectator sees the star in the direc- 
tion A S', and therefore higlier tlian its 
true position. 

The ray A Z, which traverses the 
atmosphere perpendicularly, undergoes 
no retraction. Tlius to tlic eye supposed 
at the centre all rays would proceed 
without any deviation ; liecausc lines drawn towards the centre of 
the sphere are perpendicular to its circumference, parallel to whi^li 
the atmosphere is disposed. 



4 : 3 : 3 . ihis alteration in the apparent })lacc of a celestial bodv 
caused by the atmos|)here, is calletl the Astronomical Hrfraction 
The astronomical refraction is 0 at the zenith, and about ;34' at 
the horizon ; hence a celestial body, when really on the liorizo'n 
apjjears elevated :34' above it, and is seen on the horizon when reallv 
34 below it. From the same cause all the celestial bodies rise 
earlier and set later than they would were there no atmosphere 
Ihe refraction varies with the density or weight of the air, heinir 
greater when the barometer is high, or the air cold, and less when 
the barometer is low, or the air warm. The mem refraction, or that 
in the average state of the atmosphere, is given iii Table 31 and 
corrections for different states of the air in Tables 32 and 33. ’ ' 

bince refraction causes the object to ajipear too hinh, it is to be svh- 
trMted from the ap])arcnt altitude in reducing it to the true altitude. 
434. Twipight is the effect of the illumination of the upper 

KaTset^m before he has risen or alter 

rally Ihifp tl ‘T f 'twilight continues, gene- 

rally, whde the sun is less than 18° below the horizon. 

celeSiai body is the angular depression of a 

Ssteld of the “"‘"“I"™®® ‘ts being seen from the surface 
insteaa ot the centre of the earth, thus : 
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The body S, which is vertical to the spectator (who always stands 
with his feet towards the centre) at B, in the line C S, appears at 
T, being seen in the direction CBT; while to a spectator at A the 
same body appears below T at U, or in the direction A S U ; the 
angle A S C, or T S U, wliich is equal to A S C, No. 1 1(), is i\\e parallax 
in altitude. (Tables 34 and 4.^.) 

The spectator at B sees S in the same line as if he were at 
the centre; that is, a body in the zenith has no parallax. To a 
spectator at D, to whom S appears in the horizon, the depression, 
or parallax, is greater than at any other point. 

The jtarallax at the horizon is called the IIoutzontal Parallax. 

Since parallax makes the object appear too low^ it is to be added 
to the apparent altitude, in reducing it to the true altitude. 

43G. It is evident, i)y the tig. No. 435, that the farther off a 
celestial body is, the less parallax it will have; and the nearer, the 
more. The sun has about 9" hor. ])ar. : the moon has about 1®. 
Parallax is matter of actual observation, and determines definitively 
the distances of the sun, moon, and planets. 

437. The parallax will obviously be less if the earth’s radius is 
less. Now, the cai th being sha]>ed like an orange, the radius, or 
line from the centre to the surface, in any latitude, is less than at 
the equator; hence the moon’s hor. par. in the Nautical Almanac, 
which is the equatorejil hor. ])ar., is too great for any latitude. The 
reduction is given in Table 41. 

438. Since the ajiparent altitude is too great on account of 
refraction, and too small on account of ])arallax, the diff. between 
these quantities is the diff. between the true and apj)arent altitudes. 
This difference, or the combined effect of panillax and refraction, is 
called tile Correction of Altitude. 

The moon’s Corr. of Alt. is given in Table 39; that of a star is 
merely its refraction. 

439. The Skmi-diameter of a celestial body is half the angle 
subtended by the diameter of the visible disc. 

Thus to a sjiectator at S the seini-dia meter of the body is half 
the angle subtended by the diameter J)F, or contained betwecui the 
lines S D, S F, sup])Oscd to be drawn from S to II and F; the half 
of this angle is 1) S C or C 18 1’, and is called the semi-diameter. 

It is evident that the semi-diameter will be greater as the body 
is neanir, and smaller as it is farther olf. Thus the variations in 
the semi-diameter of the sun jirovc that the distance between the 
sun and the earth vari('s at dillerent times of the year. (Table 34.) 

440. When the bo<ly S is in the zenith, it is nearer to the sjiec- 
tator by half the earth’s diameter, C B, than when it is on the 
horizon ; hence it ajipears larger when in the zenith. This increase 
^f apparent dimensions due to increase of altitude is sensible in the 
case of the moon only, apd is called her Auomj.ntation.^ This is 
given in Table 42. 


. The apparent increase of the magnitudes of the sut\ and moon wlien near the hori/on 
a mere optical illusion, whatever explanation may he given of it ; for the instruments by 
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441. The Declination of a celestial body is tlie portion of the 
meridian between the equator and the body ; it is reckoned from the 
equator, and is cither north or south. TIius, A B, fig. 2, p. 144, is 
the Declin. of A, and is north. 

Since the declination is measured on the celestial meridians, these 
are called also declination circles. 

442. Parallels of Declination are circles parallel to the equator, 
as the dotted line througli A, in both figures, p. 144. 

Thus declination is iWkoned from the celestial equator as latitude 
on the surface of the earth is reckoned from the terrestrial equator; 
and as both these circles are in one and tlje same plane, declination 
and terrestrial latitude correspond; that is, a star in 28®N.Decl. 
passes every day vertically over all places in 28® N. Lat. 

443. Polar Distance is the arc of the celestial meridian between 
a celestial body and the pole, or the angular distance of a body from 
the pole. When the Lat. and Decl. are of the same name, the pel. 
dist. is the compL of the Deck to 90*^, because the distance from the 
pole to the equator is 90®; when the lat. and decl. are of different 
names, the pol. dist. is the smn of the decl. and 90®. Thus the 
pol. dist. of A is PA; tliat of A' in S. decl., fig. 2, is PA', which 
is the sum of 90® and A'B. 

444. The Azimuth of a celestial body is the angle at the zenith 
contained between the meridian of the ])lacc of the spectator and tlie 
circle of altitude passing through the body. It is reckoned to begin 
from that part of the meridian which is on the polar side of tlie 
zenith, that is, from the N. in north latitude ; thus, the angle P Z A 
is the azimuth of A. 

The angle MZA is the supplement of the azimuth to 180®. 
This is often used for convenience; thus, instead of N. 132® E., we 
say S. 48® E. 

445. The angle N Z A or P Z A is the same thing as an angle 
NCH on the liorizontal plane, contained between the north and 
south line C N, and a line from the eye at C to the foot of the circle 
of altitude II,* which is the “ point of the compass’" on which A is 
seen. Now the angle N C H is measured by the arc N II ; the 
azimuth, accordingly, is measured by the arc of the horizon between 
the meridian of the place and the circle of altitude of the body. The 
ship’s course is the a^zimutii of the shiji’s head ; so, also, the bearing 
of an object is its azimuth; and difference of bearing is difference of 
azimuth. 

When a body is on the prime vortical, its azimuth is 90®. 

Since refraction and parallax take place vertically, they do not 
affect the azimuth of a body. 

446. The Amplitude is the arc of the horizon between a celestial 
body ai rising oi’ setting and the E. or W^, point, and is the com* 


which the angles subtended by the discs are measured disfVivcr no ehantc of magnitude. The 
ronstellatious, as the Great Bear, Orion, &c., ajijicar in like iiumncr, wlieu near tlie horiisou, 
heavens, but when near the zenith much less, 
caunot be distiiic:tly represented to the eye by tigs 1 and 2, because in fig. I 
points Z and C comcide, and in fig. 2 the horizon N W S K appears as a straight line. 
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plement of the azimuth ; thus E H is the amplitude of a body rising; 
at H. Amplitude is reckoned from the E. or W. ; thus, if E H is 
27°, the amplitude of H is E. 27° S. 

(1.) The great refraction at the liorizon affects sensibly the appa- 
rent aiiiplitude. Thus, sup])os(; tlic s])ectator in north lat. facing the 
east, EQ part of the equator, EZ ]>art of tlie prime vertical. A' a 
star haviug north decl. then E A' is the apparent amplitude at tlic 


instant of rising ; but the star is known to be raised, that is, brought 
into view, in tliis ease, l)y refraction, ami therefore has not yet, in 
its revolution, arrived at tlie horizon ; A' is consequently to the left 
of the [)lac(.* A, where it would rise were there no atmosphere. Hence 
the arc A'A is a])pli(Ml to the right ^ 

of the compass-bearing on which 
A' is observed, in order to correct 

the a])parent place of the star for q 

the cficct of refraction. This quan- 
tity is given in Table 59 A. a 

In facing the west the line EQ ii, 

(which would become W Q) would 

lie on the other side of tlie prime vertical, and the star would be 


seen to set to the ripht of its true place. 

In south lat. the hgure drawn above answers to setting, putting 
W. fur E. 


(2.) As the elevation of the observer depresses the sea-horizon 
while it does not affect the place of the star, it produces a further 
effect of the same kind as that of refraction. 


In the case of the moon, as her parallax exceeds the refrac- 
tion, the opposite elfect is produced ; that is, when she appears to 
rise, she has already, to an eye at the centre, passed the rational 
horizon : thus A would be the apparent place of tlic moon at rising, 
to the right of the true place A'. 

447. The latitude, or distance of the observer from the equator, 
is measured, on the celestial sphere, by the distance of his zenitl 
from the celestial equator; or ZM is the measure of the latitude, 
ligs. p. 144. 

Suppose now D, a stur of N. decl., on the meridian at D., then 
MD is its decl. and Z 1) its zenith distance; here ZM, the Lat., 
is the s?an of the decl. and zen. (list. 


If ly be a star of 8. decl., Z M is tlic diff\ of Z D' and M D'. 

If a star d be between Z and P, the lat. Z M is tlie difference ot 
M(/aiul Zd, 


448. When the object is to the south of tlie observer, that is, 
when his zenith is to the iiortli of the body, the zen. dist. is com- 
monly called N.; when his zenith is to tin* south of the body, the 
zen. dist. is called S. In fig. 2, Z D and Z D' arc therefore called 
North; Zid is called South. 

It appears, hence, that .when the Decl. and Zen. Dist. are of the 
name, their sum is the latitude ; when of different names, their 
'merence is the latitude. 

But when the star is below the pole, as at d\ the Lat. ZM is 
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-.he Diff. of Md' and Zd', and Md' is the sum of MP and P d', 

or of 90®, and the compl. of the dccl. . „ tit • nrio 

449. M Z bcinw the lat., P Z is tlie Colat., since P M is JO . 
Also Z N beiiiK 90®, P N is the comid. of P /, and therelore equal 
to M Z ; or the elevation of the jiole is equal to the lat. of the 

place, 
iner 

By 

w. ^ . 

)lie ulind, roiio-lily, tlie j)ositioii y • i . . 

451. In hiHi latitudes, P in the h-u.e tails near / ; in low la i- 
tudcs, P falls near N. On the equator, / and M coincide, the 
celestial eiiuatov there passing over tlic siiectators head. 

la S. Lat. the letters N and S in the figures are changed ; idso 
the direction of the celestial motions (which we m N. lat. consider 
froiri left to right) is tliere reversed, beciuise in S. lat., in looking 
towards the equator, the E. is on the right hand. 

452. By the hel[) of the preceding considerations (Mo. 447 and 
following) it is easy to construct a figure, in any case, to exhibit 
at once the luaniier in wliicli the latitude is obtained from tlie meri- 
dian altitude and the declination. 


F/yA- ^^• 2 * 



Ex. 1 . The Mcr. Alt. of the sun, observed to the southward, is 58 '' ; Ids Ded. i+®N 

Fij?. 1 . Draw a quadrant Z C S by means of the chord of 60 ' (No. 107 ). Lay oil, by t!i« 
scale of chords, the Alt. S 0, 58', or Ihe zen. dist. Z 0, 32'. L:>y ‘ftf the Ded. 14 to 
the southward of the snii, as 0 M, sinei; he is to the northward of the eijuator ; tlien M is 
Oil the equator, and Z is tlie Lat. norths and measures 44 \ 

Ev. 2 . The Mer. Alt. of the sun, south of the observer, is 29'"’; his Ded. 18 \S. 

Fi)^. 2 . Lay off S 0 , 29% and 0 M, 18 ' to the N, of tlie sun ; then M is the ))la(’e ot the 
equator, and Z M, the Lat. nortli, im-a.sures 43^. 

Ex. 3 . The Mer. Alt. of the sun, north of the observer, is 38°; his Deel. 14“ N. 

Fig. 3 . Lay off NCO, the Mer. Alt. 38 ', and ©M the Ded. 14' to the S. of 0; then 
Z M is the Lat. souili, and measures 38'. 

These figures, wdiich are varieties of fig. 2, p. 144, are of tlie 
simplest kind. The point Z lieing marked on the quadrant, the 
place of the sun at 0, north or south of tlie observer, is given by 
the observation ; bis detdiuation gives M the place where tlie equa- 
tor cuts tlie meridian; whence it is at once seen whether Z is north 
or south of M, that i,s, whether Mie Lat. is iV. or S.* 


* Afh I a little practice the observer will perceive, at the time of ohsc.rvatiou, how to 
’ k independently of tlic distinctions of nantet 

J)ove (N.'. 448 ), which are adopted for the purpose of forming a general rule. 
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453. The passage of a celestial body over any particular point or 
circle is called Transit ; as the transit of the meridian, or the prime 
vertical, of a planet over the sun’s disc, &c. 

454. Culmination is another term for transit of the meridian. 
The transit of the meridian below the pole, whether above or below 
the spectator’s horizon, is called the lower culmination ; the other 
transit is called the ujipcr culmination. 

455. Occult AT iON is the disappearance or hiding of a celestial 
body by the intervention of another. Thus the stars in the moon’s 
path are occulted by her, and the satellites of a planet by the body 
of the planet. 

45G. Eclipsu is the disappearance of a celestial body in the 
shadow of another. In an eclipse of the moon, she disappears 
wholly, or jiartly, in the shadow of the earth, the earth being then 
in a lino betw(?cni tbe sun and moon. In an ecli])se of the siin, the 
moon, being then in a line between tlu^ sun and the earth, conceals 
from ns, for a time, the whole or jiart of tbe sun. 

457. Celestial bodies are said to be in Conjunction when in a line 
together, as scon from tbe centre of the earth. Bodies having the 
same Higlit Ascension are said to be in Conjunction in Right Ascen- 
sion (No. 4()9). 

Two bodies are said to be in Opposition when in diametrically 
opposite ])oints of the heavens. 

458. It will be perceived, on attending to the circumstance, that 
stars which are visible in tbe west soon after sunset, disa])pear after 
some days in tbe solar light ; and, in like manner, that stars which 
are faintly seen in the east, belbre sunrise, become more distinct 
from day to day. Ilenc(» the sun, besides revolving daily with the 
fixed stars’^' from east to west, has an ajipareut yearly motion 
amongst them in the contrary <lirection, or from west to east, com* 
plcting tlie circuit ol’the lieavens in the course of a year. 

459. The jiath oii which tlie sun appears to move, or the great 
circle which he seems to describe in the heavens, is called the 
Ecliptic. 

4()(). Tbe ecli])tic is divi<led into twelve Sicxs, or portions of 30° 
each, called i\\c Shjns uf the ZoiUac, \s\\\c\\ term originally meant a 
space or belt of 8° wide on each side of tbe ecliptic, to w liicli tbe 
pUiiietsf are confined. Tbe signs, taken in tbe order in which tbe 


Tlie stars are bodies wliieli shine by their own bglit, and astrononior'S eonelnde, from 

^ 1 - . . They are called “lived,” lv(‘au«ie to the 

The 


, ..I one siar oniy, ro nmonnr i-o so iari::c a ,, . 

hmlerson’s determination of the paralhux of v Centauri. At this stnr, therefore, the sun, 
'' Hell to us appears under an aiiprlc of above half a deeree, would subtend an angle of only 

two hundredths of a second. 

planets are bodies wliiidi, like the moon, shine by light rei'cived from the sim and 
rft hutted to us ; (hey revolve round the sun in the same diiveti<»u as the earth, hut in ditfereut 
time. Mereury ^ , tlu’ lu^arest to the sun, revolves in 8S days ; Venus v , the next. 
These, moving in orbits inside that of the Earth, are ealle<l inferior planets. 
^ revolves in nearly 2 years ; Jiu)iter It . in nearly 12 years ; Saturn 1> , in 29 years : and 
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sun moves through them, that is, in tlie contrary direction to the 
apparent diurnal motion, are as follow : — 


cp Aries (the Ram). 

S Taurus (the Rull). 

II Geuiim (the Twins). 
C 3 Cancer (tlie Crab). 
isi Leo (the Tiion). 
Virgo (the Virgin). 


Libra (the Ralancc). 
nt Scorpio (the Scorpion). 

/ Sagittarius (the Archer), 
vy Capricornus (the Goat), 
xc:' Afptarins (Water Rearer). 
X Tisccs (the Fishes). 


4()1. Besides tliis perpetual motioii from west to cast, the sun 
is always cliangiiig his declinalion, wliicli varies between 23^28^ N. 
and 23°28'S. lie crosses tlie cipuitor twice in the year, naiindy, 
about the 20th of March, in coining ii]) to us in N. lat. from the 
southward, and again about the 23d of Sept, in going to the south- 
ward. 

462. When the suii crosses the equator, he rises and sets at six 
o’clock in all parts of the world;* at these times, therefore, the 
days and nights arc every where equal. 

463. The two points in which the ecliptic, or sun’s path, thus 
cuts the equator, are called the Vernal, or spring, Equinox, and the 
Autumnal Equinox. 

464. The sun attains his greatest N. deck about June 21st, and 
the greatest S. deck about Dec. 22d. The points at which the sun 
seems at these times to be siationary in (leclination before he dimi- 
nishes it, and at which tiu* ecliptic and equator are most widely 
separated, are called the Summer and Winter Solstices. 

465. As the light and heat receiveal from the suii at any place 
vary with Ids altitude, and the time during which he remains above 
the horizon, and as both of these depend on the declination, the 
succession of seasons depends on the changes of tlie declination ol 
the sun. The common or civil year, as most convenient for the 
affairs of life, includes the succession of the seasons. It is, tlierefore, 
the interval in which tlie sun leaves any parallel of declination and 
returns to it again, and is called a tropical year. Its hmgth, that 
is, the average length of a number of such years, is 5'* 48‘" 51**6, 
of coinnion or mean tiinc-t 


Herschcl in 82 years. Tiicse last aro railed aujfprior pliiiirts. Some of the planets liave 
satellites, or moons: Jupiter has four, Satuni seven, and Merschel six. Ile.>i«les these 
there are four vtrry small bodies, nr planets, called Juno, Ceres, l*allas, and Vt>t(i. 
The reader will fmd these subjects treated at length, and witli great interest, in .Sir John 
F. W. lierschers “ Astronomy.^' 

More recently, a ^e^y large planet, considerably beyond Uranus, has been discovered, 
and named Neptune, as also five ’ cry small planets, natiicd Astriea, Flora, llebe, Iris, and 
Metis. 

* The observed times differ a little from 0*' on arrount of refraction, No. 446. 

+ If the tropical year contained exactly 365 days, the arrangement of the calendar would 
be perfectly simple ; but the necessity of counting by entire d:iys in the affairs of life has 
introduced arbitrary expedients for checking the errors accumulated from time to tiine, from 
neglecting the excess over the last complete day. For example, suppose the year ends at 
midnight on Thursday, then new year's day begins at the. same instant, that is, nt «" oa 
Friday moining, while the old year is really not yet out by nearly 6 hours. Next year o 
hours more of the new year will be anticipated, that is, new year's day will be reekonc 
l2 hours ‘oo soon; so that at tlie end of 4 years the beginning of the new year is toiti- 
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riie period of tlie coriiuiencemcnt of the year, which has been 
adopted diderently at dilfererit times, is at present (as established in 
this country by act of parliament) on January 1st, which is about 11 
days after the winter solstice. 

4()6. Since it is stimmcr on that side of the equator on which the 
siiii is, and winter on that on which he is not, tlie seasons in south 
latitude are reversed. 

4()7. In the continual a])parent revolution of the heavens round 
the earth, the circles of deelination are perpetually describing angles 
round the ])oles, whiedi are called, from the division of time into 
hours, I1 ()iju-An(;lks. 

4()8. An hour-angle, or horary angle (sonudinics called also Me- 
ridian llistance), is the angle at the pole contained bcitween the 
iiieridiau of tin* ])Iace and the celestial meridian passing through the 
body; thus, / PA is the hour-angle of A (figs. ]). 144). An hour- 
angle is measured by the arc of tlie etpiator contained between the. 
nieridiaii of the place and that of the body ; thus M J3, fig. 2, 
measures Z P A. 

The hour-angle is thus measured on the celestial equator in the 
same way as longitude is measured on the terrestrial equator. 

4()9. The Right Ascension of a celestial body is the arc of the 
c(juator included b(*tween the first point of Aries and the celestial 
iiicridian of tlic body : it is reckoned from west to east. Thus, if t 
he the first point of yl7*/c.s% fig. 1, p. lo4, the arc ‘r M B is the Right 
Ascension of the body A. The 3G0® of the celestial equator are 
divided into 24‘’ of R.A. 

Thus R.A. is reckoned on the celestial equator exactly as the 
longitude of ] daces on the earth is reckon (d on the terrestrial 
cijuator. But as the stars do not preserve that constant jiosition 
With respect to the meridians which they do with respect to the 
equator, there is not that corresjiondciice between R.A. and longitude 
which there is between deelination and latitude. 

470. The apparent revolution of the stars is perfectly regular, 
and is the only motion of the kind knowm. 

One revolution of the'earth rouml its axis, or, wliich is the same 
thing, the return of tluj same fixed star to the meridian alter com- 
pleting the circle, constitutes a sidereal daij ; this day consists of 
‘if' 4^ of common or mean time, as measured by clocks and 
watches. It is divided into 24 hours, called sidereal hours, and these 
nito sidereal inimiO^s and seconds. Tims a sidereal day is about 10’ 

])y a whole day. tly adding 1 day to the fourth year this error is reinov(‘d, and the 
^‘oinincncfmont of tl\c oahMular year is carried back to its true place nearly. lUit the excess 
‘U)()ve 3()5'i amount to 0** by 11"' 8* nearly ; hence at the end of the fourth year an 

m-or of the contrary kind is introduced of -11'" .‘1 2'*, which amounts to nearly .‘1 days in 4 
cenUirics This error led to the refonnation of the calendar by I'opc Gregory XU I., in 
the vernal eciuinox, which at the Council of Nice, in 32v'>, had taken place on 
March, fell on the 11th. Hence, leaving lo days out of the calendar, wliich was 
« ficted by calling the 4th of October, 1582, the 15th, brought matters right apiii. The 
aniounted to 11 days when the change >vas adopted in this country in 17.51. 
th 1 *^*'*’ot* is prevented for a long ]>eriod in future by tlie act 24 Geo. II., which directs 

IHOO, 1900, 2100, and so on, to be considered as common years, and 2(»0A 

2«0, 2800 as lea, .-years. 
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an hour shorter than a common or mean day ; and the sidereal 
hours, minutes, and seconds, in the same proportion. 

The sidereal day being thus, in round numbers, 4"^ shorter than 
the mean day, a star that passed the meriilian last night at 9 p.m 
will pass this evening at S” bC", and so on, till after a few months it 
will pass at noon. (See Table 27.) 

471. SiDEKiiAi. Timu begins (that is, a sidereal clock, regulated 
to sidereal time, shews 0'‘ O'" O’) when the first point of Aries is on 
the meridian, and is counted through 24 hours, till the same point 
returns again ; the hour-angle of this point is accordingly sidereal 
time. 

The lioiir-jinglc of the first point of Aries is the ri^ht ascension 
of the meridian, No. 469, wliicli is aceordingly sidereal time. ^ Dif. 
ferencc of R. A. may, in like manner, be considered as a portion of 
sidereal time. 

472. P is the pole, the circle N AYM E 
the celestial equator, to which the mea- 
sures of all liour-ang'les are relerred. 

The bent arrow shews the direction of 
the apparent diurnal motion of tlu) ce- 
lestial bodies, re(‘koned from east to 
west supposing the spectator to face the 
south. MN is the observer’s meridian. 

A is any celestial body, as a star, 
which has passed the meridian at M, 
then A PM is the honr^cuifjle of A, of 
which the arc AM is the measure. 

(1.) B is a star to the eastward of the meridian, which it lias 
passed at N ; its hour-angle, reckoned westwards, is measured by 
MWNJ3. We may, however, enijdoy also BM, the measure oftlie 
hour-angle reckoned eastwards. Thus, instead of 14** 11"^ W. we 
may call it 9^ 49‘” E. As in dealing with huur-angles we refer di- 
rectly to the number of hours which they contain, and which arc 
measured on the equator, it is unnecessary to form the hour-angle oi 
B by joining B and the jiole. 

(2.) Let the first point or beginning of Aries be at having 
passed the meridian helore the star A; then ty' jVI is the ri(jht ascen- 
sion of the meridian, that is, sidereal time. The R.A. of A is yA; 
that of B is yMB, reckoned always from west to east, or opjiositc 
to the diurnal niotioii ; and y N B is the supiileiiiciit of tlie R.A. of 
B to 24 hours. 

(3.) The sidereal time yM is the sum of the arcs y A and A 
that is, of the hoiir-anglo and R.A. of the star A. Again, yM is 
the difference between the arcs «M and that is, between the 
hour-angle of the star a and the supplement of its R.A. In the case 
of the star .13, the sid.^time is the difibrence between its R.A. y MR» 
and its Ijour-angle M B. 

Hcn.:e it is easy, when tlie hour-angle of a star of known R.A. is 
given, at any instant of time, to construct the figure to shew the 
sidereal lime, thus* Having drawn a circle, with the meridian, lay 
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ijtF, by a scale of chords, the star’s hour-angle ; the position of the 
star being now given, lay off its R. A., reckoning from the star in the 
mine dirvction as the apparent diurnal motion (for thus the R.A. 
reckoned back again from this ))oint will agree with the place of 
the star). This gives the place of the hour-angle of whicli, reck- 
(,ned westward, is the siil. time recpiired.* 

Ex. 1 . Tho hour-angle of a star is 2,’* 28“* W. ; its R.A. 3** 47*”. 

Lay o(f 2^' 2X''‘, or 37 to the W. of INI, and 3^' 47''', or 56'’ 45', itirther on towards the 
tlien the sid. time measures 93 ' 45', or 6*' 15"*. 

Ex. 2 . The hour angle of the moon is 9^ 13'" W. ; her R.A. iS*' 34™. 

Lay off 6'', or 90° (No. 107 ), and 3'' 13"', or 48° 15', from M, westwards. Then lay off 
3 tiines 6*', or 90^, and 34"', or 8 30', further: the sid. time measures 56'’ 45', or 3**47"*. 

Rx. 3 . The hour-angle of a star is 14*' 11"* W., or 9*' 49'” E. ; its R.A. 5** 21®. 

The sid. time is 19’* 32*“. 

All hniir-angles, which are differences of R.A. of the meridian 
juid a celestial body, may he consiilered as portions of sidereal time. 
Tli(i interval of time in wlii(*h a body of variable R.A. describes an 
hour-angle deitends on the rate at which its R.A. clianges. 

47d. The earth’s motion round its axis being perfectly uniform, 
b(‘cuuies the real standard of uniform measures of time ; but as any 
st;ir jtasses the meridian lu'arly 4"‘ earlier every night, the beginning 
ot'tlie sideix'al day has no connexion w ith that of the common or civil 
(lay, as deteriiiiiied by liglit and darkness. 

474. The hour-angle of the sun, reckoning always westward from 
the meridian, is Apparent Time. Thus, when the sun’s meridian 
lijis passed over 48^ of the celestial (Mpiator to the westward of tluf 
meridian of the place, it is .slid to lie 1*2"' aj)parent time. This is 
llic time shewn by the siin-ilial. 

475. 1’lie iiiterv.'il hid, ween tlie sun’s pa.ssing the meridian on one 
day and the next, or the apixirent sober da t/, is not always of the same 
length, the diilerence lieiiig sometimes half a minute between one 
day and the next. Apjiaivnt linu‘ serves well enough in cases where 
this irregularity does not appear, or i.s of no importance; as for ex- 
aiiijile at sea,wdiere, from the continual cliange of longitude, the time 
must be obtained by observation : but wliere aceount of the time ii 
to be kept by niiMdianism alone, it must necessarily be divided into 
portions of invariable length. 

Tlio time for general use must, accordingly, unite the t^vo advan- 
tages of being regulatial by the sun, and ol' being juu’fectly nnitbrm 
The mean or avcragi? day of *24 hours must therid’ori? he an average 
taken of all the days in the year, that is, such a ilay as the sun would 
regulate if he moved uniformly in R.A. This average day is called 


* In the questions which this figure ilhistr.it t*s, motion round the pole only is consi- 
dered; since, therefore, the pl.iee of a celestial bt)dy on its meridian is unconnected with the 
motion of the meridian itself ronnil the pole, no regard is had to declination. 

, th? spectator will naturally refer the Iiour-anglc of a star to the elevated pole of the 
rjace.in south latitude the tigure will a])])ear veierseil, since the diurnal motion there appears 
rom right to left in facing the equator. The figure, liowever, may be drawn in that manner 
^mch may appear the clearest, the only ]>oint essential to be kept in view, being that tho 
’A. is reckoned the opposite way to the apparent diurnal motion. 
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the mean solar clay^ and time thus regulated is called mean solar time, 
or Mean Time, which is that shewn by clocks and watches. 

47(). The sun being generally either behind or in advance of the 
position which he would have occupied if he had moved uniformly, 
mean time is in general eitlier fast or slow, on ajiparent time. The 
correction for this irregularity, that is, the diflcrence between the 
sun-dial and the mean solar clock, is called the Equation of Iime. 
Mean time is, therefore, deduced from apparent time, by applying 
the equation of time. See the Nautical Almanac, p. I. or 11., or 
Table 62. 

477. The Sidereal Time at Mean Noon is the right ascension 
of the meridian at the instant when the sun, if he moved uniformly, 
would be on it. 

It is evident that this element, from its nature, varies uniformly ; 
now, since the sun’s R.A. varies irregularly, and since the equation 
of time, which is the correction that removes this irregularity, must 
also vary irregularly, it follows that the unequal variations of the 
equation of time and the sun’s R.A. are together equivalent to the 
single and uniform variation of the sid. time at mean noon ; and 
herein consists the great convenience of employing the sidereal time 
at mean noon, which has been given in the Nautical Almanac 
only since 1834.* 

478. (1.) Let © ne the place of the 

sun, at about 4 p.m., rn the })lace where he 
would ho if he always moved uniformly ; / 

then ©M is apparent time (No. 474), / 

m M is mean time, and m © is the eqiia- 
tion of time. The equation is here ad~ p 

ditive to app. time, as is the case from I 
January to March, and from July to 
August. (See Table 62. ) c* 

(2.) Let T he tlie first point of Aries ; 
then, while the sun and <y revolve, the 
sun moves contrary to the diurnal rota- 
tion, or is always increasing his R.A., or the arc t^N©, by nearly 
1® a-day. The complete revohilion of constitutes a sidereal dag ; 

that of ©, an apj)are?it solar day ; and tliat of m, a mean solar 
day. 

After 24 sidereal hours the sun has .still to describe about 1°, or 
one 36()tli part of tlie circle to complete it; the time necessary for 
which is about one f360tli of 24 sidereal hours, or 4 sidereal minutes* 
Ihus the solar day is longer than the sidereal day by about 4”‘. 
The mean solar day being divided into 24 hours, the sidereal day is 
23*^ 56"‘ 4^ of such a day. 

(3.) When 7n is on the meridian at M, tlie arc Mm t, or the 



® O'* iniaLriiiary sun, is a very different thins 

irom the R of tlie san at mean norm, with whidi it has been confounded : the latter can 
^r only i tew seconds from tiie R.A. © at appannit noon, but may differ from the Siderea^ 
rme at mmn noon by the whole nmomit of the equation of time, or sixteen minutes. 
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gun’s mean R.A., is the sidereal time at mean noon. When m ha« 
arrived at m in the figure, tliis quantity has changed by an amount 
proportional to the mean time Mm. 

The © moves sometimes more quickly, at others more slowly ; 
the point m (which is merely an imaginary situation of ©, deduced 
bv calculation, from knowing the limits within which the irregu- 
larities of its motion are confined) moves equably. Hence m Q, the 
difference of these two, changes unequally. 

(4.) By No. 472 (3) the sidereal time, or place of the point is 
obtained from the hour-angle of any celestial body. By applying to 
the place of the sid. time at mean noon, we obtain the place of m, 
or mean time. 

Thus Mean Time is found from the hour-angle of a star. 

479. Since the sun w jmsses over 15^ of the circle in one mean 
hour, he arrives at the meridian of a place 15® west of N M one hour 
after he has passed N M, that is, at one o’clock of the time at any 
place, or all places, of which N M is the meridian. In like manner 
lie passes a meridian 15® east of M one hour before he arrives at M, 
that is, when the time on M is 11 o’clock in the forenoon, or 23 hours 
after the noon of the day before. 

Thus the beginning of the day, and therefore the hour or time of 
the day, at one place differs from that of another jilacc by the dif- 
ference of longitude of the places; the time at tlie easternmost of tlie 
two being in advance of, that is, greater than, tlie time at the other. 
Hence when the times proper to two places at the same instant are 
known, their diff‘. long, is determined, or the relative positions of 
their meridians.* 

480. The Civil Day is dated from midnight, and the twelve 
hours are computed twice over ; the Astronomical Day is dated 
from noon, and runs through the twenty-four hours. 

Ex. 1. October 3d, 3^ 18® p.m., civil time, is the same astronomical time. 

Ex. 2 . January 3d, 4** 25“ a.m. civil time, is reckoned January 2d, i6** 25® astronomical 
time. 

Ex. 3 . April ist, ii a.m. is, astronomically, March 31st, 23 hours. 

481. The Greenwich Date is the time at Greenwich corre- 
sponding to any given time clsewhere.f 


* The diff. lonj^. is found as well hy means of the motion of a star as of the sun, that is, 
oy means of a clock nr ehronoiiieter rej^ulated to siderc.'il time, as well as by one rcu:ulated to 
mean time. For although the absolute interval of time employed by a star in mo\ing from 
one meridian to the other is less than that employed by the sun, yet it is divided into the 
of liours, minutes, and seconds, but which are of smaller magnitude and thus 
of time results, in numbers, the same. 

T Here terminates all requisite description of the terms used in the rules in the present 
The other terms which occur in the Nautical Ahiiauac will be described in the 

i fieory, 

mo chapter we have sometimes spoken of the earth as fixed and the heavens as 

^\^^ough this is contrary to fact, because the appearances alone furnish us with the 
^ sures of time, without any regard to the actual state of things, 
cons considered the earth as a sphere instead of a spheroid (No. 180 ). The 

equences of the oblateness, in an astronomical point of view, are that the planes of the 
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482. It will be found a useiful exercise of what has preceded tc 
verify the following remarks : — 

(1.) No star of wliich the pol. dist. is less than the lat. can set; 
and no star of whieli the pol. dist. exceeds the colat. (SM, 

fig. p. 144) can be visible. 

(2.) When the j)()l. dist. is less than the lat. the star passes the 
meridian both above and below the ])o]c. 

(3.) When the pol. dist. is less than the colat. the star passes the 
meridian between the zenith and the pole, and does not pass the 
prime vertical 

(4.) When the declin. is 0, or the pol. dist. 90^, the body rises 
and sets in the E. and W. ])oints. The hour-angle at rising and 
setting is b'’, and the body is seen raised on the prime vertical by the 
effect of refraction ; unless it is tlie moon, which, from her })arallax 
being greater than her refraction, is not seen at the precise time of 
her rising and setting. 

The object is above the horizon for 12 hoursf and 12 hours 
below it. 

In this case the amplitude is 0, except from the effect of 
refraction. 

(5.) When the pol. dist. exceeds 90®, the celestial body rises and 
sets on that side of the Vj. and W. ])oints which is farthest from the 
elevated pole; the hour-angle at rising and setting is less than G': 
the time during which the body is above the horizon is less tliau 
12 hours, while it is more than. 12 hours below the horizon. The 
body does not pass the prime vertical above the horizon ; and tlio 
amplitude is reckoned towards the S. in N. hit., and towards the N. 
in S. lat. 

(G.) When the pol. dist. is less than 90®, the celestial body rises 
and sets on the .same side of the E. and W. points as the elevated 
Dole; the hour-angle at rising and setting is greater than 6'\ Tlic 
body is more thah 12 Iiours above the horizon, and less than 12 hours 
below it. The amplitude is reckoned towards the N. in N. Lat., and 
towards the S. in S Lat.; the body passes the prime vertical twice 
The hour-angle at the passage of the prime vertical is less than ()'*. 
(See Table 29.) 

(7.) A star Iiaving a certain declination always rises and sets in 
the same points, and passes the meridian and prime vertical, or any 
other circle of altitude at the same altitude, without regard to it^ 

■L> A J to 



a body not afFected by parallax,— and t.bns o]>laten(>ss, howtn or great, would always be 
neglected in delerinming a •place by observation of the stars or the sim. By the second 
condition the parallax of the moon is affected, and a further correction of her aiipareiit 
becomes n' cc'^sary. 

We have also di'scribed the first point of as fixed, whereas it has a very slow motion 
me stais, also, though called fixed, have slow proper motions. These and other points not 
necessary to our present subject wiU be treated more at large in the Theory. 
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(8.) As the place of a star or any celestial body is determined by 
its R. A. and DccL, and as, at the place of the spectator, the posi- 
tion of the celestial equator, to wliich both tliese are referred, is 
Sxed, it is easy to know whereabout any star is to be looked for at 
any time. Wlien, as is commonly the case, the lime (mean or appa- 
rent) is given, the sun’s liour-angle is known ; and therefore, wlicn 
he is invisible, his place on the equator may be estimated, lly means 
of the sun’s place, and his 11. A., the place of the first point of Aries 
may be estimated; then the star’s R. A. gives the place of its meri- 
dian on the equator, and its declination the place of the star with 
respect to the equator. When the sidereal time is given, the place 
of the first point of is at once known, just as the place of the 
sun is known from the apparent time.'^' 

* The position of the equator, ami the relations amonj» the Tiatituile of the place, the 
Time, and the llour-an'^le, Altitude, and Azimuth of a <M'lestial body, are best illustrated 
by a celestial {>;lohe.. Tlie broad liurizontal rim rcj)resents tlic Rational Horizon (No. 420 (1)). 
Tlie brass meridian%f th(5 globe being laid N. and S., and tlie Pole elevated, by the degrees 
marked on it, t« the latitude (No. 14H), the globe represents the celestial sphere as shewn in 
fjfrs. 1, 2, p. ji20. The position of the sun is found by marking the sun in his place in R.A. 
and Deei., by the help of tlie divisions on the globe, and then setting the sun at his proper 
luiur-angle by moans of the bour-cirele near the pole. I’lie Alt. or Zen. J)ist. is measured 
by a graduated slip of brass, or by a thread, as in the note, p. 1 14. It is unnecessary to 
enter further into details, as the render who well understands the definitions above will 
find no diffieulty in solving any useful ^‘jiroblein on the globe which can be proposed, 
without burdening his memory with' technical rules. 

In the ah.sencc of a globe, distinct ideas may be obtained of the actual positions of 
(he celestial bodies by a circular card, as a compass-card, having the hours marked on the 
edge, and an a.\is, as a |*eneil, jmt througli the centre pcrpendimilnr to tlie card. If this axis 
be laid N. and S., and the north end (in north lat.) raised u]) till it is irndined to the 
horizon at an angle equal to the latitude, it will represent the polar axis round which the 
celestial bodies revolve, tlie card ri'presealing the equator. The O'* being brought up to the 
nieridiaii, the hour of the day at the edge will .‘■lu w the pluee of the sun's meridian at the 
time. If the O'* be made the first point of T, the liours become hours of R.A. ; if, tlieii; 
the 0 be marked on the edge, on its proper R. A., and then turned round to the jmsition 
proper to the liour of the day, the place of the first point of T is seen. 

Siqipose, now, a small ti‘ie.scope were placed on the axis making an angle with the 
plane of the equator, or the canl, ef[u:d to ihe dcelinatioii of some star, then, while this 
star revolves parallel to the equator, the teleseope, kcjd at the same an;;le, could at any 
time be directed tow^ards the star by merely turning the axis round A large instrument is 
instructed on this prin:i|de, and is culled ixn EfjtictoreclJ 
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Instruments of Nautical Astronomy. 

I. The Reflecting Instruments. 

. The Artificial Horizon. III. The Chronometer. 

1. The Reflecting Instrument^ 

483. These are insirunients for measuring angles between two 
objects, by bringing the reHected image of one of them to coincide 
with the other seen directly. They are necessary for observing alti- 
tudes of the heavenly bodies at sea, where the spectator has no fixed 
point of reference cxcejit in the horizon. On shore, and often on a 
field of ice, the fixed point, required in observing altitudes is obtained 
by means of the artificial horizon. 

484. The instruments of this class which are in most common 
use are the quadrant, sextant, and refiecting-circle. For conve- 
nience, we shall describe the adjustmenrs generally under the two 
former ; and as every person in possession of an instrument will be 
instructed by the maker or some expert person in the names of the 
different parts, and also in the mode of handling it, and packing it 
in the case without danger of distortion, we shall confine ourselves 
merely to matters of general reference. 

1. The Quadrant and Sextant, 

485. The quadrant conlaiiis an arc of more than 45®, and mea- 
sures a few degrees more than 90° it is usually made. of wood, 
and the graduated arc, which is ivory, reads to minutes, and some- 
times to 30'“'. The sextant measures a few degrees more than 120°; 
it is made of brass, and sometimes reads to 10". The quadrant 
serves for common purposes at sea, but the sextant is required ibr 
taking a lunar observation. 

The observer should be in the habit of employing good instni- 
ments of their kind, as inferior instruments naturally induce careless 
and imperfect observation. 

486. The sextant made of a very small size, and thence called tlic 
Pocket Sextant, is** adapted to the use of surveyors, travellers, and 
others, on occasions in which minute accuracy is not necessary. 


♦ This depends on the properties of light, which will be considered in. Hie “Theory/' 
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[1.] Manner of Unng. 

487. To fake the sun’s altitude at sea. Set the index at 0, put 
jown a screen before the central mirror, hold the instrument in a 
vertical position, and direct the sight, through the sight- vane and 
horizon-glass, to that part of the horizon which is exactly under the 
sun. Now move the index on with the left hand, and the image of 
the sun will appear to descend towards the horizon. Vibrate the 
instrument round the line of sight, and make the lower limb touch 
the horizon : this gives the observed altitude of the lower limb, 

488. This last altitude is sometimes near enough ; but for accii 
racy, having made a rough contact as above, put in the telescope 
previously set to distinct vision by looking through it at the horizon, 
the image being now magnified, the contact is made more correctly. 
In general the telescope should not be fixed till a rough contact has 
been made, because it narrows the field of view, and increases the 
difficulty of bringing the images together. 

The contact must be made in the centre of the field : if it is too 
near the plane of the instrument, or too far from it, the angle will 
be too great by the quantity in Table 54.^' 

489. When there is a tangent-screw, clamp the index, and make 
the contact perfect by turning the screw, — some further remarks on 
which will be made in the proper places. 

The tangent-screw should be kept nearly middled when not in 
use. 

490. To take the altitude of a star. Set the index to 0, direct 
the sight to the star, hold the instrument vertically, and move the 
index onwards : the image of the star will be seen to descend. This 
method is projter to avoid bringing down the wrong star, but should 
not be practised with the sun, as it exposes the eye to an intense 
light, which may derange it for the whole observation. 

491. The shades, or coloured glasses, placed before the two 
mirrors, tend to equalise the brightness of the object and the image, 
and sometimes distinguish one from the other by the difference ox 
colour. The shades require to be particularly well ground, because, 
il the surfaces are not strictly parallel, the rays in passing through 
the glass are turned out of their former direction : hence, wdien a 
defective shade is placed before each of the mirrors, the angle is 
affected by the sum or the difference of the errors due to the shades. 
It is advisable, therefore, in general, to employ a dark glass at the 
eve-end of the telescope, by which the shade before one or both of 
the mirrors may be dispensed with. Also, if this glass is not per- 
fect, the rays from the object and the image are affected alike, and 
the angle between them remains unchanged. 

A card screen, to slip over the eye-end of the telescope, is useful 
m protecting the eye from accidental glare. 

492. The observer acquires, by attention, the power of estimating 

* Mr. Hartniij), director of the observatory at Liverpool, acquaints me that he has eon- 
th « ^ sextant observations to come out more accurutt Iv in proportion as he narrowed 

the neid by closing the wires. 
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the proper angle at which to set the index for a rough contact, and 
thus saves time. It also effects some saving of time to have the 
tubes of the telescope marked at the observer’s focus. 

493. When the angular distance between two objects is to be 
measured, the plane of the iiistruinent is held in the line joining 
them, and the sight is directed to the fainter of the two. When, 
therefore, the brighter object is to the right, the instrument is held 
face upwards, and the image of the right-hand object brought to 
touch the left-hand object seen directly ; but when the brighter 
object is to the left (as in observing the distance between the sun 
and moon in high north latitudes in the forenoon), the instrument 
must be held face downwards, the sight being directed to the right- 
hand object. The contact must be made in the centre of the field, 
as directed above. 


[ 2 .] Reading off the Angle. 

494. The angle having been observed, its measure is to be read 
off. The arc being divided into degrees, and these subdivided into 
halves, thirds, &c., the smallest division contains several minutes, 
and the angle can thus be read, but roughly, from the arc itself. 

In order to read to 1', or a fraction of 1', a scale called a vernier 
is applied to the arc ; this is a portion of an arc having the same 
centre, and divided into one part more than an equal portion of the 
arc itself. The manner in which a more minute reading is obtained 
may easily be understood from* the following example: — Suppose a 
division on the arc to be ^ of 1®, or 20', and the vernier to be equal 
in length to 19 divisions, or 6® 20', but divided into 20 equal parts ; 
then each of the divisions on the vernier is of 6® 20' or 380', that 
is 19', and therefore the difference between one division on the arc 
and one on the vernier is 1'. 

Suppose the bej^innin? of the vernier and that of the arc to coincide, as in Fig. 1 ; then 
the first of the dividing lines of the vernier falls short of the first dividing line of the arc by 
i'; therefore, if we make these lines coincide, we advance the vernier i . Again, to make 
the second dividing lines of each coincide, we must move the vernier through 2', and so on. 

In Fig. 2 the o of the vernier stands between 20' and 40' after the division at 3°, and the 
first coincidence is at 9 ; hence the arc measured is 3° 29'. 


Fig. 1 . Fig. 2. 



Fig. 3. 
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When the index is moved the contrary way, the o of the vernier goes off the arc, as seen 
m Fig* 3 . As the 20 of the vernier stands at 6° 20' when the two zeros coincide, if we move 
it i' to the right, the coincidence will occur at 19, and at 18 if we move it 2', and so on. 

I fence, to measure an angle off the arCy we must read from the end of the vernier. The arc 
ihewn is 32^ off the arc. 

[ 3 .] Adjustments, 

495. (1.) The Index-Glafes, or central mirror, must be perpen- 
dicular to the plane of the instrument. 

Set the index about 60°; then, if the image of the arc in the 
mirror appear in perfect continuation with the arc itself, the adjust- 
ment is perfect ; if the reflection seem to di’oop from the arc itself, 
the mirror leans back ; if it rise upward, the mirror leans forward. 
The position is rectified (in quadrants only) by the screws on the 
back. This adjustment generally rests with the maker, but it should 
be occasionally verified by the observer. 

(2.) The liorizon-Glass, or fixed mirror, must be perpendicular to 
the plane of the instrument. 

Set the index to 0, hold the instrument horizontally, look through 
the glass at the sca-liorizon, or other distant object, and give the 
instrument a small nodding motion: then if the reflected image 
appear neither above nor below the real object, the adjustment is 
perfect ; if the image be the Icnver, the glass fitoop^ forymrd ; if it be 
the higher^ the glass leans backward. The position is rectified by the 
screws. 

(3.) The line of sight of the telescope must be parallel to the 
plane of the instrument in which the index moves. 

Place the two wires of the telescope parallel to the plane of the 
instrument. Select two distant objects from 100° to 120° apart, as 
two stars, or the sun and moon, and make an exact contact at the 
lower wire, or that nearest the instrument. Now move the instru- 
ment so as to throw the im«nges in contact upon tlie upper wire; if 
the contact is still perfect (the images having overlapped in the 
middle of the field), the adjustment is perfect; iftlicy have separated, 
the object-end of the telescope droops ; if they overlap, it rises. The 
position is rectified by the screws in the collar. When this adjust- 
ment is defective, the observed angle is always too great. (See 
Table 54.) 

[ 4 .] Index- Error. 

496. The graduation of tne arc should commence at a certain 
point ; when this is not the case, the Index-Error, as it is called, 
mu^t be measured. 

Tlie point at which the graduation of the arc is supposed to begin, 

that at which the index stands when the mirrors are parallel, as 

the case when the image of a distant object is seen to coincide with 
the object itself. The index-error, therefore, is merely the error of 
place of the beginning of the divisions, and aflects all angles 
alike. 

To find the Index-Error. (1.) By the Horizon. Hold the instni 
Rient vertically, and make the image of the horizon coincide with 
the horizon itself as accurately as po.ssible. If the 0, or zero of the 
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index, now stand at 0, there is no index-error ; if it stand on the 
arc, the index-correction is so much subtractive; ^hen off the arc, 
additive/^ 

Ex. The horizon and its image being made to coincide, the reading is 3' on the arc Then 
y is the Index Correction to be subtracted from every angle observed. 

Any distant object, or a bright star, answers the purpose. 

(2.) By the Sun. Measure the sun’s horizontal diameter, + 
moving the index forward on the divisions; read off the measure 
which will be on the arc ; then cause the images to change sides by 
moving the index back; take the measure again, and read off; this 
reading will be off the arc: half the difference of the two readings 
is the index-correction. 

When the diameter o/i the arc is the the correction is 

subtractive; when the lesser^ additivc.X 


Elx. 1 . On the arc 

32' 10" 

Ex. 2. On the arc 

30’ 


Off 

29_50 

Off 

33 _ 



2 »o 


_L 

JO 

Ind. Corr. subtract 

1 10 

1 Ind. Corr. add^ 

I 

45 


In consequence of the spring or elasticity of the index-bar, the 
error will be different for the onward and for the backward motion 
of the index. It has been recommended, therefore, to turn the 
tangent-screw right and left alternately, in making successive con- 
tacts, by which a partial compensation is obtained. This source of 
discrepancy is, however, effectually removed by taking all observa- 
tions, including that for index-error, with the same motion of tlie 
index-bar. The onward motion being adopted as the most natural, 
the tangent-screw is always employed to close the object and the 
reflected image, and is thus always turned in the same direction.^ 
One-fourth of the sum of the two readings should be equal to tlie 
sun’s semi-diameter in the Nautical Almanac. This affords a test of 
the accuracy with which the observation has been made. 

497. The adjusting screws are never to be touched except from 


* When the mirrors are parallel, a very distant object is exactly covered by its irnaj.^e ; 
but at a near object the distance between the mirrors subtends a sensible angle, or has 
sensible parallax^ and this coincidence docs not take place. The parallax of a 12-inch sextant 
at half a mile distance is about 21", and is smaller for smaller dimensions and greater dis- 
tances, in simple proportion. Hence, for the purposes of adjustment, distances exceeding 
this should be employed. 

Captain Beechey suggests a method of adjustment by parallel rays. Naut. Mag. 181 i, 

p. 50ft. 

t As the refraction increases towards the horizon, the low(jr limb is more raised than 
the upper limb, and the vertical diameter is shortened. This, at very low altitudes, produces 
a flattened or oval form in the sun and moon. 

J If both readings are on the arc, which can only occur when the index -error is nearly 
half a degree, the ind. corr. is the mean, and subtractive ; if off, additive. 

§ Sir F. Beaufort, to whom I am iiuh^btcd for the suggestion, acquaints me, that from 
the scnsiole influence of the spring of the index-bar in nice observation ho 'uniformly adhered 
to this plan, and caused it Jb be followed by his officers. 

The late Captain Basil Hall informed me that he made it his practice to obtain the 
index-error both for the onward and the backward motion of the index, employing the 
former error in all observations by the onward motion, such as the. lunar distance when 
increasing, and the latter in observations by the reverse motion, as for the lunar distance 
when decreasing. 
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necessity^ and then with the greatest possible caution * * * § When two 
screws work against each other, care must be taken, in tightening 
one, to loosen the other if necessary. 

498. Besides errors from these causes, there others which 
are neither detected nor remedied so easily : the divisions on the arc 
are liable (though in these days in a very slight degree) to inaccu- 
racy, and the centering of the arc is not always perfect.-f 

In order to test the accuracy of the arc in either of these 
respects, in different places, it has been proposed to measure the 
distance of two stars, comparing the distance with that shewn by a 
circle, or by an approved sextant, or deduced from calculation. J 
The absolute error being thus found for certain places on the arc, 
the correction for any angle may be inferred by proportion. 

499. As the two sides of the coloured glasses are not always 
exactly parallel, the shades may vitiate the angle. (No. 491.) Some 
observers find, by actual trial, the error due to any shade or com- 
biiiJition of shades. The shade in the eye-piece, as before stated, has 
not this defect; but an image-shade is generally indispensable in 
taking a lunar observation. 

[ 5 .] Methods of Increasing the Efficiency of the Sextant. 

500. The necessity, under certain circumstances, of observing 
large angles, and the difficulty of measuring them, arising from the- 
obliquity with which the rays of light, in such cases, fall on the 
central mirror, have led to the suggestion of various plans for 
extending the powers of the sextant.^ 

Capt. Fitzroy has employed an additional fixed horizon-glass, 
placed at a constant angle with the ordinary one, by means of which 
the image of an object above, or to the right-hand of another in the 

* Particular attention is called to this point, because it is a common failing of “ over- 
handy gentlemen’^ (to use Troughton’s language) to “torment" their instruments. It is 
better that error should exist, provided that it is allowed for nearly, than that mischief should 
ensue to the instrument from ignorant attempts at a perfect adjustment ; and the skilful 
observer, instead of implicitly depending upon the supposed perfection of his instrument, will 
endeavour to avail himself of those cases in wliich errors, if they exist, will destroy each 
other. 

t It is also necessary that the two surfaces of the central mirror should be exactly 
parallel. This parallelism can be tested only by observing an angle between two objects 
120^^ or 130“ apart, and then repeating the observation with the mirror in a reversed position. 
Half the difference, if there is any, between the two results is the angle between the sur- 
faces. As in the best instruments the mirror is fixed, this cannot be put in practice, and ■ 
die consideration is therefore omitted from the adjustments in the text. This error, how- 
ever, when it exists, is obviated by the method described in the next sentence of the text. 

+ The stars for this purpose must be taken from the Nautical Almanac, as the places are 
required with precision. The true distance may then be computed by the rule No. 339 ( 2 ), 
using the Dili*, of the stars’ right ascensions for D. Long., and their polar distances for the 
eolatitudes. The true distance may then be reduced to the apparent (which is that mea- 
sared by the instrument), by No. 842 , substituting one of the stars for the moon, omitting 
the second corr., and applying the other star’s correction the opposite way to that laid down 
111 the tabulated directions for the star. 

§ A second fixed horizon-glass is usually attached to quadrants, for the {mrpose of refer- 
'“ing the sun’s image, when the horizon under it is concealed by the land, to the opposite 
point. As the hack observation^ however, as this is termed, is exceedingly inconvenient, and 

consequence scarcely ever employed, if is omitted in flie text. 
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line of sight, is seen in the field when the index is at 0, and thus a 
portion of the angle is measured in addition to that on the arc?. 

601. Admiral Beechey had a sextant constructed with a second 
central mirror over the usual one, and working on the same pivot, 
the arc of which, being concentric with the usual arc, is divided by 
the same stroke. Both index-glasses are adapted to the same 
horizon-glass.* 

Any angle is measured by putting one index forward upon the 
arc to any convenient number of degrees, and moving the other until 
botli reflected images are seen in the horizon-glass. 

Each arc has its proper index-error. 

502. Mr. C. George, R.N., has constructed a double pocket- 
sextant, by joining two small sextants by the face. This instrument, 
which scarcely exceeds the hox-sextant in size, possesses, for various 
approximate purposes, and for surveying, the advantages of the 
double sextant.+ 

503. The double sextant lias some important advantages; it 
affords two alts, of the same or different celestial bodies in quick 
succession : this is a point of much consequence when the body 
appears for short intervals only, as between flying clouds, and also 
in observing at night, as it saves the disturbance to the eye caused 
by reading off; it measures the angular distance between opposite 
points of the horizon, .}: and thus serves as a dip sector ; it measures 
two terrestrial angles at the same instant, and thus serves as a 
director. 

The index-error of a compound angle measured by a double 
sextant is composed of the errors proper to each arc. 

The error of parallelism (No. 495) in a compound angle is mate- 
rially reduced, since in yiractice each portion is less than 90®. 

504. In observing altitudes at sea by the double sextant, set any 
angle on the upper sextant ; tlien, facing that ])art of the horizon 
which is opposite the sun, find his image, and bring up the horizon 
to the lower limb, by moving the lovrer index : the sum of the two 
readings is the siippl. of the alt. of the upper limb, affected by the 
dip and the index-error. 

Now unclamp the indexes, set tlie upper one to an angle less 
than the alt., find the image under the sun, and bring up the horizon 
to the lower limb : the sum of the readings is the alt. of the lower 
limb, affected by the dip and the index-error. 

Half the difference of the two sums is the app. zen. dist. cleared 
of the dip, serai-diameter, and index-error. 


♦ Admiral Beechey acquainted me that he constructed this sextant for tlie purpose of 
obtaining the measures of the angles between two terrestrial objects at the same instant and by 
one observer : a point of considerable importance in surveying, o|: in laying down soundings> 
while the observer himself is in motion. A further adviintage afforded by the construction is, 
that when the right-hand olyect is too faint to be reflected, the sextant does not require to 
be inverted. The instrument is constructed by Carey. 

+ Made by Carey. 

t The difference between this angle and i8o° is twice the apparent dip. Thus, if th>a 
angle, measured downwards, is I79°48'3o'^ the apparent or actual dip is s' 45". The dqJ 
sector, being inconvenieiit and little used, is not described in the text. 
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2. The Repeating lieflecting Circle* 

505. On this circle the measure of the angle observed by reflec- 
tion, as in a sextant, is carried over an^ part or the whole of the 
circumference : this is effected by making the horizon-glass itself 
movable round the centre, and attaching to it a vernier. By thus 
repeating the same angle on different parts of the divided edge, the 
errors of the index, of the coloured shades, and of the centering, are 
nearly, if not altogether, removed ; also, since the indexes follow 
each other round the circle (each mirror alternately acting the part 
of the fixed horizon-glass), the angle finally registered is the sum 
total of all the repetitions ; and thus one reading alone contains the 
result of any number, however great, of separate observations. The 
arc read off', divided by the number of observations, gives the mea- 
sure of the required angle. 

506. When the angle changes during the observation, the arc 
finally registered is not the mere repetition of the same angle, but 
the sum total of different angles ; it is therefore necessary to under- 
stand how the time is to be noted. 

Suppose, for example, at 5'* ao"' the angle is 45°, and at 5** 26"’ it is 46° (neither being 
read ofl') ; now, at 5** 20™ the first index would shew 45°, and at 5*^ 26''* the second index 
would shew the sum of 45° and 46°, or 91°, halfoi which, or 45° 30', in this case obviously 
corresponds to the muldle time, 5** 23’“. 

The same appears generally thus : the last arc read off measures 
the first angle, the repetition of the same angle, and the change upon 
it during the interval of the two observations; therefore half the arc 
measures the angle, and half the change upon it, supposed uniform, 
which corresponds to the middle time. 

If, now, a second pair of angles, as before, be observed, a second 
angle with its time is obtained, and so on ; hence, as long as the 
change of the angle is uniform^ the arc read off, being divided by the 
number of observations, corresponds accurately to the mean of the 
times. 

The time is therefore to be noted at each contact. 

507. The Circle is made in various forms : we shall confine our- 
selves here to the description and use of those known by the names 
of Borda’s and Dollond’s Circles.’^ Figures are purposely omitted, 
and the general description will be easily followed with the instru- 
ment itself. 

In using the circle, care must be taken to push tne crooked 
handle out of the way of the telescope. 


* Troughton'8 Reflecting Circle, which does not repeat, is capable of great precision ; but 

does not seem so well adapted to general practice, especially at sea, as the repeating circle : 
|or the three indexes aggravate the inconvenience and tediousness of reading off ; and the 
“^trument, instead of facilitating, like the repeating circle, the multiplication of observations, 
affords merely a correct measure of an angle which, from the motion of the ship, is itself 
observed inaccurately. 
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[1.] Bor da* s Circle, 

608. In Borda’s Circle, the horizon -glass and telescope revolve 
together round the centre, like the central mirror, carrying a vernier, 
wJiicli we shall call A. 

Sometimes another vernier is placed opposite to A, and moves 
with it. The central mirror carries, like a sextant, a vernier, which 
we shall call B. The circle is divided into 720®. 

The horizon-glass and telescope are attached to an inner circular 
arc divided to degrees, which is called the finder^ as it enables the 
mirrors to be set to contain any angle, and the objects can thus be 
at once brought into contact roughly. When B is set to 0 at the 
middle of the finder, the mirrors are parallel. The divisions on the 
finder are reckoned in both directions from the 0. 

509. To use the circle as a sextant. Before this can be done we 
must know the reading of B when the mirrors are parallel. To 
find this, set A accurately to 720®,* and clamp it. Set B to 0 on 
the finder, nearly, and measure the sun’s horizontal diameter : read 
off. Cross the reflected image to the other side of the sun, and read 
off: the mean of the two readings is the constant angle required, and 
is clear of index-error. 

To observe, move B as in a sextant. 

After observation, examine the setting of A, as any error in this 
is so much index-error. 

510. By moving the index opposite ways, observations may be 
taken backwards and forwards, from the same ))oint on the arc ; but 
the real efficiency of the repeating circle consists in what is called 
the cross-‘observation^ to which we shall now proceed. 

To observe an Altitiide by the cross-observation. Set Af accu- 
rately at 720® (or at 360®); set B to 0 on the finder roughly ; observe 
the alt. with B as with a sextant; read off B roughly on the finder; 
unclamp A, and move it on the finder, in the order of the divisions 
on the circle, till the 0 on the other side of B stands at the angle 
read off. Turn the circle over, hold it in the other hand, and com- 
plete the contact by turning the tangent-screw of A. 

The vernier A now registers the first pair, or double the altitude 
required. 

To proceed with the repetition. Uiiclamp B, set it on the finder 
at the same angle as before; hold the instrument as for the first 
observation; complete the contact. Unclamp A, move it onwards 
as before till the 0 stands at the angle read oft*; complete the con- 
tact. Tliis is the second pair, or four times the re((uired altitude. 


* This index will, in some circles, stand at 360*^, and may require to be moved back- 
wards ; 360"^ would then be subtracted from every angle ineahured by this index alone. Tlitf 
above instructions will, with a trial or two, be found sufficiently intelligible. 

t It is usual to fix first the index called here B, as directed by Borda himself, and 
repeated by other writers ;*but it is immaterial which index is first fixed, or at what j)art of 
the circle, provided the vernier be read off. The index A is recommended here in order to 
Assimilate as much as possible the use of the circle to that of the instruments with which 
we are already more familiar. Inaccuracy in this setting is diminished as the number ot 
repetitions is increased. 
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The next reading of A will be six times the required altitude, and 
SO on. 

511 . To observe Angular Distance by the cross-observation. 
Proceed as directed above, reading distance for altitude. 

512. If there is not light enough to read the finder, the reflected 
image must be actually carried across the other object by moving 
the index through twice the angle first measured. 

513. The last [lair completed being registered by the vernier A, 
the disturbing of B at any time is imimiterial, since it does not alfect 
the reading of A ; but if A is moved, and the observation is inter- 
rupted before the new ])air is completed, the whole is lost. 

514. Two altitudes, of the same or different bodies, may be 
obtained by reading both verniers;* thus, set A to 720®, observe 
one alt. with 13, as in No. 509. Unclainp A, move it to 0 on the 
finder, hold the circle in the other band, and observe the other 
altitude. 

Read off 13, and subtract from it the constant angle : the re 
iiiaindcr is the first alt. For the second alt. subtract the first alt. 
from A. 

Ex. 3 252° 2'; A 98° 11'; const. 213° 35'. The First Alt. is 38° 27'; the Second 
is 59" 44.'. 

515. We shall now consider the effects of errors. The index- 
error is obviously removed by measuring the same angle, either on 
opposite sides of a fixed zero, or between any two points on the arc. 
Now, after 13 has been clam])ed, and the angle is to be repeated by 
moving A, the horizon-glass passes from one side of the perpen- 
dicular upon the central mirror through the same angle on the 
other side ; the angle, therefore, is measured by the motion of A 
from one point of the arc to another, and the exact point 720® is 
assumed merely for convenience in reading. 

When a coloured shade is defective, it breaks the direct course 
of the ray from the central mirror to the horizon-glass, and the 
broken part inclines towards the same side of the horizon-glass, 
whether the circle is inverted or not. Therefore, if the angle 
formed on one side of the perpendicular on the fixed mirror is too 
groat, the angle formed on the other side will be too ‘“mall, by the 
^suuie quantity, and this error disappears. 

The inclination of the line of sight upon the plane of the circle, 
No. 495 (3), produces the same effect upon the angle formed upon 
cither side of the perpendicular to the central mirror; this error 
therefore remains. 

The error of the eye, and therefore the personal equation 
(No. 175), likewise remains. 

The error of centering is removed by carrying the angle round 
the whole circumference. 


This may be found convenient in taking a lunar at night, since the lamp would be 
required but three times for reading, in obtaining the four altitudes required and the several 
pairs of distances. Rules might easily be given for repeating both altitudes to any extent, 
put an allowance would be necessary for the motion in aKitiule of the second body obfcrved. 
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[2.] DollornTs Circle, 

516. Dollond’s Circle consists of two concentric circles, the inner 
one of which, in revolving within the other, carries the horizon glass 
and telescope, and a vernier called A, of which the clamp and 
tangent screw are attached near the telescope. The inner circle 
is cut to degrees only ; the central mirror carries a vernier called 13, 
as in a sextant. 

The inner circle answers the purpose of the finder above de- 
scribed. From the position of the telescope, this circle is held, in 
taking altitudes, exactly like a sextant, which is a convenience. 
From the general resemblance between the two instruments, it is 
unnecessary to enter into further details.**^ 


II. The Artificial Horizon. 

517. The Artificial Horizon is a small shallow trough, a few 
inches in length, containing quicksilver or any other fluid, tlie 
surface of which affords a reflected image of a celestial body. The 
fluid is protected from the disturbing effects of the air by a roof, of 
which the two opposite sides contain plate-glass. This roof is often 
made to fold up for the sake of portability. The trough should be 
so thick as to raise the quicksilver to a level with the lower edges of 
the glasses. 

A piece of talc, which substance splits into thin parallel plates, 
may be laid on the trough as a substitute for the roof. In some 
cases a piece of thin cloth, as muslin, sufficiently transparent to 
allow a bright object to be seen through it, protects the fluid from 
the wind. 

518. The image of a celestial object reflected from the surface of 
a fluid at rest appears as much below the true horizontal line as 
the object itself appears above it ; the angular distance* measured 
between the object and its image is therefore double the altitude. 
An advantage resulting from this is that in halving the angle shewn 
by the instrument wc halve, at the same time, all the errors of ob- 
servation. The reflected image in the fluid is always less bright 
than the object, but as it is perfectly formed, and as the surface h 
truly horizontal, the artificial horizon, when it can be employed, is 
always to be preferred to the sea-horizon. 

♦ It is the opinion of some competent judges that circles should be made much sma]ler» 
for the sake of lightness and portability, and that they should accordingly be cut to rainuh^ 
only, as Borda’s Circle formerly was ; because, by repetition, the minute or nearest 
minute read off is speedily reduced to quantities smaller than can be measured in the 
observation. , 

The case of a sextant, or circle, should be made to receive the instrument permanently 
with the index in any position, as the reading off, which is always difficult in defective liffht, 
might thus be deferred to a more favourable opportunity. It would also be useful 
reference in cases of error or doubt in the reading, especially at night, to leave tli€ indei 
undisturbed till the result had been worked out. 
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When the altitude exceeds 60°, the altitude by reflection ex- 
ceeding 120° falls without the limits of the sextant. In low lati- 
tudes, therefore, it is often impossible to observe with the quicksilver 
except by a sextant with additional powers.* On the other hand, 
when the altitude is low, the observer is obliged to increase his 
distance from the quicksilver, by which it becomes difficult to keep 
sight of the image reflected in the fluid ; and for altitudes less than 
12° or 15° the observation is generally impracticable. 

519. The roof should generally be placed upon a sheet of some 
thin material, impervious to vapour, which, condensing on the glass, 
obscures the image. A leaden stand about the size of an octavo 
volume, on three legs, and covered with cloth, into which the roof 
sinks and excludes the external air, is convenient. 

520. The film, or scum, which forms on the quicksilver, is pre- 
vented from running into the trough by holding the bottle inverted 
while it is poured out. A wooden scraper, fitting close to the inner 
breadth of the trough, has been found to remove the scum, which 
ailhf*rcs to the wood. 

521. The fluid proper for the purposes must possess the qualities 
of giving a bright image, and of quickly subsiding to a perfect level 
after being disturbed, such as quicksilver, water, spirit, and others. 

Oil has on some occasions been used with success, but on others 
it has given bad results. Treacle has also been recommended, and 
is said to be improved by a mixture of spirit. These viscid sub- 
stance^s, from not being sensible to minute vibrations, may perluips 
be serviceable in a uniform temperature; but when exposed to the 
strong heat of the sun, the fluidity varies, and the vessel itself may 
likewise, by unequal expansion, alter its form. Also the surface, 
after disturbance of whatever kind, recovers itself the more slowly 
as it tends to the true level ; and this mechanical condition must, in 
cases where precision is aimed at, throw a doubt over all results 
obtained from any fluid whose constitution is not that of extreme 
fluidity. 

When the air is calm, a piece of water, or a puddle large enough 
merely to exhibit the image, is often a com])lete substitute for the 
quicksilver .‘h 

522. As the celestial bodies are sometimes distinctly visible when 
the sea-horizon is enveloped in mist,.}; attempts have been made to 


* To remedy this defect, it has oecn proposed to use a reflecting surface, inclined at a 
constant angle to the horizon, movable on a level surface or floating in tjuieksilver. Also, a 
sextant has been fixed, with its plane vertical, to a pill.ir turning on an upright axis, and tlie 
telesix)pe laid nearly horizontal by a spirit-level, the image of the body being brought down 
to a horizontal wire in the telescope. 

t A small piece of plate-glass levelled by a bubble is sometimes used, but the performance 
this instrument is not alw’ays satisfactory. 

Uapt. Scoresby (“ Journal of a Voyage to the Northern Whale Fishery,” p. 159), re- 
that fogs often cover the sea in the polar regions to the depth only of 150 or 200 feet, 
^ iile the sky is perfectly clear. 

Her Majesty's sloop Zebra was a week without interruption in a dense fog, to the south- 
of the Snares, during the whole of which tim ^ no observation could be taken, though 
sun often shone brightly (Naut. Mag. 1844). The like circumstances occur in “the, 
*»mokes,“ on the coast of Africa. 
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obtain an artificial horizon adapted to be used on board ship, hy 
means of the surface of a viscid fluid, and a mirror attached to a 
pendulum, which, by its weight, hangs vertically.* 

The objections to the first of these have already been stated. 
With regard to the motion of a pendulum, it is important to observe 
that when the ship comes to the end of her roll or lurch, it does not 
at once rest in the vertical position, but continues to move onwards, 
or to swing, with the velocity which it had before the ship’s motion 
was destroyed ; hence the ])endulum moves through greater angles 
than the ship. By combining, however, the viscid fluid and the 
pendulum, Commander Beeher has obtained a method of measuring 
altitudes at sea, independently of the horizon, which ap])ears, from 
the reports made uj)on it, to afibrd sufficient accuracy for common 
purposes, when the motion of the ship is not very great. + Outside 
the horizon-glass of the sextant is a small pendulum, an inch and a 
half long, suspended in oil ; to this is attached a horizontal arm 
carrying at the inner end a slip of metal, the upper edge of which, 
when seen in a certain position, is the true horizon. 

The error is determined by observation of a known altitude, or 
by the help of another sextant, and is the same for all altitudes. It 
should be frequcritly examined. 

A lamp is attached for observing at night. 

623. Admiral Bcechey fitted, within the telescope of the sex- 
tant, a balance carrying a glass vane, one half of which is coloured 
blue, to represent the sea-horizon, and to which the celestial object is 
brought down. The amount of oscillation above and below the 
level is indicated by divisions on the glass, the values of which are 
determined by the maker. 

The instructions for using this instrument are as follows: — Bring 
down the object, as the sun’s limb, to the edge of the blue and leave 
it there. As the ship rolls, catch with the eye the upper and lower 
divisions reached by the object, and call them out to an assistant, 
who writes them down with the time against each. When two or 
more such readings have been taken, read off the alt. and write it 
down. Take the mean of the readings of the vane and turn it into 
arc according to the scale furnished. When the mean is above the 
edge, add it, when below, subtract it. Ap])ly tlie maker’s index-erroi ' 
the result is the apparent alt. being clear of dip. 


Ex. Took an alt., and readings as follows; the divisions iz* each;— 


h m ■ Divis. 
lo 50 o f+i) above 
50 30 f — i^) below 

50 50 ( + I above 

51 20 (—2) below 


the blue edge 


Mean 10 50 40 (— ^), above, 3 1 below; diff. i 

below ; the half is ^ of 12' or 6' to be sub. 


Of'' 

Observ. Alt. 20 25 20 

Mean of Div, — 6 

20 19 20 

Maker's Ind. Cor r. — 
App. Alt. ao 18 40 


* It has also been attempted, but without success, to employ the principle upon a 
top while spinning tends to preserve a vertical position, by balancing a horizontal mirror 
pivot, and causing it to revolve with great velocity, 

t Sre Naut. Mag. 3814 , p. 291 . Several reports, with ob.servations made by this instru- 
ment, will be found in the Naut. Mag. of IS.IO, 1812 , 1844 , 
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Care is to be taken to observe as near the centre of the field as 
possible, and exactly under the sun ; the elbow should rest on some 
firm support. 

With practice the instrument affords considerable accuracy ; and 
ill smooth water the mean of some alts, will be within 2'. 

A lamp illuminates the telescope at night.* 

524. An instrument for this purpose, indispensable when the 
horizon cannot be seen, will also be of great service as a check, 
when haze or fog, by its partial distribution, produces the appear- 
ance of the horizon where it is not.f The same applies to the 
uncertainty in the place of the sea-horizon which is often expe- 
rienced in moonlight nights. 

These instruments are very convenient on shore. 


III. The Chronometer. 

625. The chronometer is a superior kind of watch, furnished 
with an apparatus by which the changes in the rate arising from the 
expansion or contraction of the materials by heat and cold are nearly 
obviated. 

Chronometers should be kept near the centre of gravity of the 
ship, which is a little below the water-line, and not far from the 
middle of the length, not so much because the motion here is less 
than elsewhere, as because the temperature below is not liable to 
sudden changes. In ships in which great attention is paid to the 
chronometers, they are usually kept in a small apartment abaft the 
mainmast, on a table, in cases lined with cushions of soft wool, which 
defend them from the jerks and vibrations of the ship. The table is 
secured to a beam of the deck below, and in small vessels sometimes 
rests on a stanchion rising from the kelson. Ijarge chronometers 
are placed in jimbals, in order to preserve a horizontal position, as 
inclining a watch from this position aftects its rate. They have also 
been hung, perhaps with the view of obtaining both these objects 
together, in swing trays ; but as this method is found to be very 
unfavourable, it has been discontinued. J 

The clironoraeter-table has been itself placed in jimbals. It has 
also been supported by springs to diminish still further the effect of 
shocks. 

o26. When a chronometer is placed on board it should always 
remain in the same position, that is, with the XII towards the same 


* Made by Carey. 

t Adm. Bayfield acquaints me that he has been completely deceived in the place of the 
coming on of a fog. 

♦ Mr. Fisher acquaints me that he has found an acceleration of seven seconds a-<lay 
P>‘oduced by suspending a chronometer in a cot with five inches* swing. 
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part of the ship, since it has been found that disturbing the positions 
has altered their rates.* 

When a chronometer is transported from one place to another, it 
should be compared, before and after moving, with another cliroiio- 
riieter or a good watch, in order to ascertain whether its regularity 
has been disturbed. 

627, A chronometer should be wound up at regular intervals, in 
order that the same parts of the machine may undergo the same 
constant action ; it should, therefore, be wound up at the same hour 
every day. In winding, the key should be turned steadily, and 
about half a turn taken eacli time, and the watch should be wound 
close up. After winding, the chronometer should be examined, to 
ascertain that it has not stopped. 

In winding up a watch, the key alone should be moved, as to 
turn the watch itself is to increase the velocity of winding. 

When a chronometer is wound up after running down, it is set 
a-going by giving it a small horizontal circular motion. 

When a chronometer stops, it generally alters its rate. 

528. It seems generally admitted that the principal cause of tlie 
variation of the rates of chronometers is change of temperature,t 
and accordingly, in some ships, the temperature of the chronometer- 
room has been regulated by lamps. 

When the ship changes her climate, the rates do not change at 
the same time with the temperature, but some time afterwards, f 

529. It has been found that magnetism affects the rates of chro- 
nometers (see a paper by Mr. Fisher, Nautical Magazine, 1837). 
Hence it follows, that the local attraction of the vessel may produce 
similar effects. It does not appear that decisive experiments have 
been made upon this point. 

530. Chronometers are generally found to perform best at the 


* This depends, however, chiefly on the position of the arm of the balance, 
t Captiin R. Owen, while employed in surveying in the West Indies, found a fall of 11° 
In Fahrenheit’s thermometer (from 82° to 68°) accelerated the rates I’-S a-day, and a fall of 
20'' (from 82° to 62 ') accelerated them two seconds a-day. 

J Admiral Fitzroy, who employed in his surveys of South America the unusual nurabor 
of twenty-two chronometers, observes, that the ordinary motions to which chronometers arc 
subjected, both from the incessant action of the sea and in transferring them from one vessel 
to another, scarcely affect the rates of good watches ; and that, in general, temperature is the 
only cause of the alteration of rate. (Journal of the Royal Geographical Society, vol.vi.) 

Sir E. Belcher, however, when engaged in the survey of the west coasts of North Ame- 
rica, found the chronometers of H.M.S. Sulphur very materially deranged by the jerkin? 
produced by a looseness about the rudder-head and from towing the Starling, her tender ; and 
observes, that when these causes were removed the watches performed admirably. 

In the Instruction lU-glementaire pour les Batiments dc la Marine Royale, 8cc. (An- 
nales Maritimes, 1840), it is recommended that the chronometers should be held in the hntin 
during the firing of guns, and that in transporting a watch from one place to another it should 
be carried in both hands, in oidcr to avoid giving it suddenly a circular motion, which maybe 
comn.unicated by taking it up by a handle, or becket, at the top of the case. , 

M. Givry considers that the rates of the chronometers of La Coquille frigate, commanded 
by M. Duperrey on a Jcientifle expedition, were altered by the severe thunder-storms expe- 
rienced on the coast of Timor, in August 1823. — Memoire sur I’Empioi des Chronometres a 
la Mer, par A. P. Givry, extracted from the Annales Maritimes,* Paris, 1840. 

It has been surmised that the hot and moist climate of the coast of Africa has speedup 
disturbed the rates of chronometers ; but Adm. Vidal and Sir E. Belcher, in several ytaf* 
experience, have recognised no such effect. 
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beginning of a voyage many subsequently become useless from 
irregularitjr, and some fail altogether. They are liable, also, to 
change their rates suddenly, and then to reassume the former rates 
in a few days.f 

531. Since there seems no reason why any cause which alters 
the rate of one chronometer should not alter the rate of another in 
the same manner, the agreement of any number of chronometers, 
however great, cannot be unreservedly admitted as evidence for the 
truth of the time which they shew. Their irregularities, however, in 
this respect contribute to the security of navigation ; for since one 
chronometer often gains while another, under exactly the same cir- 
cumstances, loses, the discrepancies prevent the danger of trusting 
too confidently to any single result. 


CHAPTER III. 

Taking Observations. 


I. Observing Altitudes. IT. Observations with and without 

Assistants. III. Employment op the Hack Watch. IV. 

Finding the Stars. 

532. In treating of observations with reflecting instruments we 
shall refer chiefly to altitudes, as most convenient# for the purposes of 
illustration. If, however, for the horizon, we substitute a celestial 
body or any other point, what is said of altitudes will apply, with 
certain obvious exceptions, to angular distance generally. The 
details proper to the particular observations will be found under 
their respective heads. 


I. Observing Altitudes. 


533. The observer will do well to accustom himself to obtain a 
single sight with, accuracy, and not to depend upon the accidental 
^^nnapensation of errors due to want of care. It sometimes happens 
that a single sight only can be obtained, and no good estimate of its 


* Advantage was taken of this circumstance in the late survey of part of the west coast of 
inca by Admiral Vidal, who, by direction of the Hydrographei , proceeded at once to run 
own the coast from Sierra Leone to Corisco Bay, and returned to Sierra Leone as quickly 
whole DiflF. Long, between these points, as measured in both runs, agreed 

R. Owen remarks, that most of his chronometers took thus a jump of one or 
I the daily rate, more than once during his surveys in the West Indies. Other 
nade similar remarks. 


t Captain 
seconds ii 
officers have i 
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value can obviously be formed if the observer knows his observatioas 
bv their general result only. 


1. At Sea. 


[1.] Above the Sea Horizon. 

534. The instrument must be vibrated or swung, so that tiie 
image may skim the horizon, for the altitude must be measured to 
the point vertically under the body,* No. 487. 

535. When the altitude is above 60®, it may be observed both 
from the opposite point of the horizon and from that umler it, by 
the common sextant. Half the difference of the two readings is the 
apparent zen. dist.. No. 432. By this means the dip, with the un- 
certainty to which it is liable, and the index error, are removed. 
As the apparent dip is always uncertain, and as the rules given in 
No. 208, though generally true, do not always hold good for small 
differences of temperature, it will be advisable, whenever precision is 
required, to attend to this consideration. 

536. It is, in general, taken for granted that the dip is in the 
same state all round the horizon. 

This supposition M. Arago, in discussing the observations made 
by Sir E. Parry in his first polar voyage, by Capt. B. Hall in the 
(?hina Sea. and by M. Gauttier in the Mediterranean and Black Sens, 
thinks there is no reason to doubt. (“ Conn, des Terns,” 1827.) 

Capt. Fitzroy found however a difference of 1 6' on one occasion ; 
and Capt. Bayheld uiforms me that he has often observed the dip 
not to be the same all round the horizon, more particularly on the 
coast of Labrador and in the Straits of Belleisle, where currents of 
unequal temperature prevail. See also note *, p. 178. 

When circumstances allow, alts, should accordingly he observed 
at opposite points of the horizon. The mean of two alts, in sucdi 
cases may not, indeed, be exactly true, but it is probably nearer the 
truth than one of them alone might be. For the same reason it is 
advisable to select stars on opposite bearings. 

When both the alt. and its supplement are thus measured, and 
the alt. is in a state of change (as will always be the case except 
when the object is on the meridian), the time must be noted at each 
of the two contacts ; and the half difference of the alt. and its supjd. 
is the apparent zenitli distance of the centre corresponding to the 
mean of the times. 

When the altitude is below 60® a sextant of additional powers, or 
a circle, is in general necessary for this observation. (See No. 504.) 

537. When the altitude of a body is near 90®, it is proper, before 
attempting to bring down the reflected image, to ascertain, by re- 


When the 4th Adjustment, No. 405 (3), is not perfect, we look at a point of the 
hon/on not directly under the sun. Hence a tube should be used to insure the eye and J > 
contJU't of the iniaejes being at equal distances from the plane of the instrument. 
same ground, Dr. Maskelyne recommends the observer, when without a tube, to turn on 
heel while causing the image to skim the horizon. (Nautical Alrnanac, 177^.) 
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foreiioe to the zenith, or the compass, the precise point over which 
the body is vertical. 

538. When fog obscures the soa-liorizon from tlie deck, a new 
horizon may often be obtained by descending the ship s side, or from 
a boat. Sec No. 550, note. 

539. When tlie limbs of the sun or moon are indistinct, altitudes 
of the centre are obtained by bisecting the hazy or cloudy disc upon 
the liorizon.* 

540. In observing the moon’s altitude there is a choice of the 
upper or low'er limb when she is at the full, and also when the line 
of cusps, or horns, is vertical. At other times her illuminated limb, 
whether it be the upper or lower one, must be brought down to the 
horizon. 

Mistakes may arise in observing the moon’s altitude at sea by 
night. When the sky under the moon is unclouded, the upper edge 
of the illuminated part of the sea is the horizon ; but at other times, 
long dark shadows are projected on the water, wdiich render it dif- 
ficult, and sometimes impossible, to discern the horizon. 

When the moon’s alt. and its sup])lemcnt are both measured, if 
she is full, or if the line of cusps is vertical, her alt. may be observed 
as directed in No. 535. But in other cases the same limb must be 
referred to the point of the horizon under her and to that opposite ; 
half the difference is then the ap|). zon. dist. of the limb observed, 
and the seniidiamcter must be a])])lied accordingly. 

When the horizon under the moon is unfavourable for observa- 
tion, and the su])j)lcment of the alt. alone is em])loyed, correct the 
angle observed for index-error and dij), take the suppl. of the result 
to 180®, and apply the semidiameter as to the alt. taken directly. 

541. The obscurity of the sea-horizon in a dark night renders it 
difficult to observe the altitudes of stars or planets ; but in the twi- 
light, when the sky is clear, the boundary of the sea exhibits a strong 
dark edge, most favourable for oliservation. 

The chief obstacle to observing at night is, however, the difficulty 
of reading off, which is, in general, at sea, excessively troublesome. 

When the alt. of a star or a planet is measured both from the 
liorizon under it and opposite to it, half the dilf. of the t>vo angles is 
the app. zen. dist. If the supplementary arc alone is employed, 
correct it for index-error and dip; the supplement of the re'sult is 
the apparent altitude. 

542. When a telescope is used the unemployed eye must be 
closed, but when the plain tube is used it should, wdien convenient, 
be kept open, because the image being seen by both eyes under the 
same magnitude, one assists the other. 

This should be practised in observing stars at night. 

La Caille recommends keeping the eye some minutes in complete 

of H tells me that he has repeatedly employed, with complete success, altitudes 

the sun faintly seen through ivatery clouds, when those who liad been used to depend 
upon the perfectly defined disc had despaired of an observation altogether. In such 
altitudes have not greatly differed from each other, and the mean ot several has been 
4 ite equal to an ordinary observation of the limb. 

N 
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darkness before observing stars at night. (Guepratte, “ Probl^mes 
d’Astron. Naut.” &c., tom. i. p. 20, 18;i9.) 

643. Different powers suit different eyes. Too low a power 
does not magnify enough ; too high a one makes it difficult to keep 
the object in the field on the least motion of the instrument. The 
observer, therefore, will employ those powers only in which the 
advantage gained by a larger image exceeds the disadvantage of 
increased unsteadiness. 

A plain tube, however, should be used in all other cases, both for 
directing the sight to tlie proper point of observation, and for defence 
Against disturbing lights. 

544. All observed angles are vitiated by the errors of the instru- 
ment enumerated in the last Clnipter, Nos. 495, 498, and 499. 
Again, each observer has in general some peculiarity in the manner 
of observing, or in the quality of the eye itself, which gives rise 
to a 'personal error, the correction for which is called the personal 
equation. No. 175. 

545. Besides tliese errors, altitudes taken at sea are subject also 
to others which change with circumstances. 

1st. Tlie running of the waves causes the horizon to be in con- 
tinual motion ; 2d. The rise and fall of the observer, both from the 
liftir»g of the vessel by the waves, and by her rolling, cause the dip 
to be in continual change. 

The effects of these alternating motions will, in taking two or 
three altitudes, in part disappear. 

3d. The place of the visible horizon changes with the tempera- 
ture of the sea and the air. See No, 208.“^' Also, since the sea- 
horizon is formed by the eminences of the waves, it should be higher 
in bad weatlier.f 

Besides these distinct causes of error, the motion of the ship 
disturbs the attention and efforts of the observer. 

546. The height of the eye should be ascertained with some 
precision, that is, within two or three feet, because an error in the 
dip causes an error of the same amount in the altitude. This is of 
most importance when the observer is very near the water, as the 
dip then changes most rapidly; thus, it appears in Table 30, that a 
change of three feet in the height produces, near the beginning of 
the table, a change of more than 1' in the dip, but near the end only 


* M. Givry observes (“Memoire sur TEmploi dcs Chronometres,” p. 23), that when 
the sea is shoal near the horizon, the relation of the temperatures of the sea and the air being 
different from that at places where the water is deeper, may produce extraordinary refraction: 
and he attributes to this cause errors amounting to 8" in the time deduced from some altitudes 
taken near the mouth of the Jeba, in 1818, ^dthough circumstances appeared at the time in 
every respect favourable for observation. 

M. Givry remarks, further, that extraordinary refraction sometimes takes place in the 
neighbourhood of sandy plains, the heated air of which, passing over the sea, produces partial 
inequalities of temperati^e ; and he adds, that small undulations in the horizon are always 
indicative of irregular refraction. 

t It is stated, * ** Voyage autour du Monde,” 1840, by M. Du Petit Thouars, in 
Venus French frigate, that the observations shewed this. It is probable, however, that the 
errors of observation due to the motion would, in general, far exceed that due to the above 
cause. 
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4". An altitude observed at the top of a heavy sea will differ consi- 
derably from another taken at or below the mean level.* 

If the altitude be observed above the deck, as in the top for 
instance, the horizon will appear better defined, and the variations 
of the dip by the ship’s motion will be less sensible ; also the dif- 
ference of temperature of the sea and the air appears to affect the 
place of the visible horizon less as the observer is more elevated, 
lienee it would appear that altitudes should be taken from aloft when 
convenient. 

647. Some observations on the heights, distances, and velocities 
of waves have been put on record of late years. Sir G. Grey,t in 
his voyage home from Australia in 1837-8, obtained numerous 
ineasiires of the distance and velocity of waves, amongst which are 
the following : — 

Dist. 121 ft. Vel. 14J Naut. miles. Dist. 211ft. Vel. 19*5 milea. 

178 i8*7 234. 20*5 

201 22*5 326 22 

205 20*6 338 28. 

Lieut. Wilkes (“ U.S. Exploring Expedition”) found the highest 
waves in a heavy sea off Madeira from 14 to 25 feet high, and their 
velocity 23 miles an hour ; and at another time and place, with a 
remarkably higli and regular sea, 32 feet, with a velocity of 26 miles. 

The highest waves observed by Sir Jas. C. Ross, in the North 
Atlantic, were 36 feet high. The highest sea seen by M. Lazarev, in 
the Russian Expedition of Admiral Bellingshausen, 1819, was in 
56® S. and 103® E., but he does not state the height. 

In the Naut. Mag. 1848, p. 228, are the following observations 
taken near the Cape of Good Hope: — 

Height 17 f. Dist. 35 fath. Vel. 22 miles, 

20 43 to 50 24 

22 55 to 57 26 to 27 

548. When the spectator nears or recedes from the celestial 
body, by the progress of the shi}), the effect produced on the altitude 
is the same as that of a motion in the body itself, since exactly the 
same appearances result from the motion of cither while the other 
remains fixed. Accordingly, in all observations, in which, from the 
sensible change of altitude, the time requires to be noted *at each 
sight , the progress of the ship is included in the observed change of 
altitude ; and the place to which the observation corresponds is that 
at which the ship was at the mean of the times. 

* The height of waves is ascertained by placing one's self at such a height on tlie vessel, 
or her rigging, that the tops of the highest waves which pass near the sliip may be seen on 
^ah the distant well-defined horizon, at the instant when the ship is at the bottom of the 
hollow between two heavy seas. The height of a wave thus observed, tliat is, the dilTcrence 
of level between the summit and the bottom of the hollow (which difference is twice the 
height of the summit above the mean level), is very nearly the height of the eye above the 
bottom of the same hollow, the ship at the instant of observation being upright. The dis- 
tance is measured, when before the wind, by a line with marks on it. 

t Governor of New Zealand. I am indebted to tlie author for these observations, of 
^nich I find a few only reduced for the course and rate of sailing of the ship. 
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[ 2 .] Altitudes above the Shore Horizon, 


549. It often happens that tlie horizon is concealed by the inter- 
vention of land, while the level surface of the water marks on the 
shore a distinct horizontal line, which is a substitute for the sea- 
horizon, and is called a shore- horizon. 

When the distance of the shore-horizon is known, enter Table 35 
with this distance and the height of the eye, and use the correction 
therein instead of the dip in Table 30. 


Ex. From the height io feet, observed 
a merid. alt. 28° 18', above a shore-horizon, 
2 miles and a quarter distant. 


Alt. 28 18' 

Corr. — 7 

Alt. corrected for dip 28 ii 


550. When the distance of the shore-horizon, or water-line, is 
not correctly known, it may be found by means of two altitudes, the 
one being observed from the deck, and the other as high as possible, 
at the same time. 

Divide the difference of the heights in feet by the number of 
minutes in the diff. of alts.; the quotient is the number of feet sub- 
tending an angle of V at that distance. Look in Table 9 for this 
number of feet, and the corresponding distance is the distance 
required. 


Ex. An observer, at the height of 91 feet above the sea, observed the sun's alt. 41” 3/ 
above the water-line of the sea ; another obsciwer, at the height of 22 feet, observed it 41“^ 25'; 
find the distance of the water-line, and correct the ait. for dip. 

The diff. of the heights, 69 feet, divided by 12 (the minutes in the diff. of alts.), gives 
^*7 feet, which answers, in Table 9 , to 3 miles, the Drsr. required. Then the cor. in 
Table 35 to 3 miles, and height 22 feet, is which subtracted from the alt. taken at 22 feet, 
gives 41° 20', the Alt. correctkd for Dip, 

But as this result, like the preceding, becomes uncertain when 
the distance is very small, it is alw.ays advisable in such cases to en- 
deavour to find, by descending, a natural horizon.* 


2. Observing Altitudes on Shore 

551. Altitudes are well observed above the sea-horizon from a 
hill or cliff of known height. Nos. 544 , &:c. apply, with certain 
obvious exceptions, to altitudes of this kind taken on shore. 

552. In taking the altitude of the lower limb in the quick.=ilver, 
the loioer limb of the object is made to touch the upper limb of the 
image in the quicksilver, as reflection inverts the object. In taking 
the altitude of the upper limb, the image of the body is in like 
manner brought below the quicksilver image altogether. Hence, 
when the sun is rising^ and the lower limb is observed, the images 
are continually separating; but when the upper limb is observed, 
they are continually overlapping; and the contrary when the sun is 
falling. 

It is useful to attjsnd to this, as it is sometimes doubtful, especially 
with the inverting telescope, which limb was observed. 


♦ This is the practice recommended, on his own experience by Dr. Scoresby, Voyago 
to the Northern Whale Fishery, 1822 , Loudon," p. 441 
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553. It is advisable, when circumstances permit, to move the 
Index a littlo too much, whether forwards or backwards, and clamp- 
ing it, to wait the instant of contact while the instrument is in a state 
of repose, in preference to making the contact by moving the tangent 
screw up to the instant of observation, because the material always 
springs more or less. Again, nioving the tangent screw diverts a 
portion of the attention which should be devoted to the contact alone. 
At sea this is rarely practicable in any observation on account of the 
motion of the shi]). 

.554. The roof of the quicksilver should be reversed at each set of 
three or five altitudes, in order to remove the effects of errors in the 
ghasses; one face is accordingly marked A and the other B, and 
these letters marked against the altitudes. 

The roof should obviously be used only when it cannot be 
dispensed with. 

555. A stand for the sextant or circle, on shore, is a great con- 
venience, and allows a higher ])ower to be used; practice is, however, 
necessary, in order to derive the full advantage from it. 

556. The accuracy Avith which a set of altitudes has been ob- 
served may, in part, be inferred from their agreement with each 
other. For since the change of altitude in small intervals of time is 
nearly proportional to the intervals (unless the object is near the 
meridian), any considerable irregularity must be a consequence of an 
error of observation. 

The comparison of the differences of altitude, Avith their respective 
intervals, may easily be made by means of the Traverse Table, or in 
the following example ; — 

Ex. Observed altitudes of Aretunis in the artificial horizon. 

Time lo^ 5^ 431 Alt. 78° 59' 20" 

10 8 17 78 14 30 

10 II 29 ^ 77 17 30 

10 14 20 ^ 76 33 40 

In Table 2, 2*" 34*, or ii;4“, as D. Lat., corresponds to 44 as Dep. at 16°. On the same 
page 3™ 12", or 192% as D. Lat., corresponds to 55 as Dep., which is near enough. 2"* 51*, 
or 17 as D, Lat., corresponds to Dep. 49, the Diff. 44' is therefore iu error, and the 3d 
alt. about 5' too great. 

557. Several altitudes are taken in immediate succession, on the 
supposition that they are liable to errors of opposite kinds ; for, in 
this case, if one altitude be observed a little too great, and another a 
little too small, the mean of the tAvo Avill be nearer the truth than 
either of them separately ; and thus, by increasing their number, 
the effects of irregularities of observation will be much diminished 
lu the general result. 

558. But if the portion of time during Avhich the altitudes are 
taken be too long, an error of a new kind will arise from the 
unequal variation of the altitude itself, which never, strictly speak- 
ing, varies at the same rate at the beginning, middle, and end of an 
interval. 

If a series of alts., at observed equal intervals of time, be cleared 
of errors, and the differences between them be taken in succes- 


Diff. 

45' 

57 

44 
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sion, these differences wfll generally afford, in like manner, differ- 
ences among themselves, which are called second differences ; and if 
the observations be prolonged, third differences will appear, and so 
on. When the 2d diff. is insensible, ^ the sum of 2 alts., or J the 
sum of 3 alts., or J the sum of 5 alts., corresponds exactly to the 
middle of the time occupied in the observation ; but when the 2d 
diff. is considerable, the arithmetical mean is in error by a quantity 
which is as follows : — 

The half sum of two alts, at the beginning and end of the interval 
differ from the alt. proper to the middle instant of the interval by ^ 
of the 2d diff. proper to the whole interval. The third of the sum 
of the three alts, at the beginning, middle, and end of the interval, 
differs from the same alt. by of the whole 2d diff*. ; and the fifth 
of the sum of 5 alts, at four equal intervals, by of the 2d diff*. 


Lat. 5 1° 30' N. 

Decl. 22® 20' 

N. 




Hour- Angles. 

Alts. 

Diff. 

2d Diff. 

1st. 

o*‘ 16'*' 0* 

60® 40' 8" 



2d. 

0 20 0 

60 34 35 

5 33 

i' 10" 

3d. 

0 24 0 

60 27 52 

0 43 

I II 

4th. 

0 28 0 

60 19 58 

7 54 

A 

1 12 

5th. 

0 32 0 

60 10 52 

9 ® 



The mean 2d Diff. is i' 1 1" for 4™ ; hence, as the 2d Diff. varies as the square of the 
interval (that is, is 4 times greater when the interval is doubled, 9 times greater when it is 
trebled, and so on), the whole 2d Diff. for 16™ is 4 times 4, or 16 times ii", which is 
18' 56". Then the mean of the 1st and 5th Alts, is 60® 25' 30", which differs from the 
3d Alt. by 2' 22", or i-8th of 18^56". 

The mean of tlie 1st, 3d, and 5th Alts, is 60® 26' 18", which differs from the 3d by 1' 35", 
or i-i2th of 18' 56". 

The mean of the 5 Alts, is 60® 26' 41", which differs from the 3d by 1' 11'', or i-i6th of 
18' 56". 

The error cannot be materially diminished by further increasing 
the number of alts. 

The correction for this error cannot be given in a concise and 
convenient form.* But in practice the intervals are not exactly 
equal ; and even if they should be, the errors of observation will 
often conceal the 2d diff. When, therefore, from circumstances, 
altitudes can be obtained only at considerable intervals, 'it is proper 
to deduce a separate result from each. 

The 2d diff*. of alt. disappears in two cases : 1st, when the object 
is E. or W. ; 2d, when its motion is vertical. 

659. The effect of the elevation of the spectator upon the altitude 
observed in the quicksilver, is insensible in practice, since, even in 
the case of the moon, an elevation of a mile does not produce a 
change of 1" in her horizontal parallax. 


* The change of altitude in a very small portion of time depends on the latitude, and on 
the azimuth of the object^(see No. 669) ; but the 2d Diff., or variation of the change of alt., 
which becomes conspicuous in a longer interval, depends, further, upon the altitude itseu. 
To exhibit this correction, therefore, a table of treble entry would be required. 
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IL Observations with and without Assistants. 

660. When the arc observed is in a state of continual change, 
die quantity measured corresponds to a particular instant of time 
When, therefore, the complete observation consists of various 
elements whose measures are required at the same instant, either 
the observer must have assistance, or he must himself obtain the 
several measures in succession, and these must be reduced afterwards 
to the same instant by calculation. 

When two or more altitudes at sea are required at the same 
instant, assistants have been employed to observe them. The impro- 
priety of this custom will, however, appear on considering the nature 
ol the errors of altitude (No. 545); for it is obviou«W impossible for 
ail observer to ieep the motion of the ’o ' .ly adjusted to 

the irregular and often violent motion ' as to be able to 

seize the altitude at command. 

561. The assistant is useful chiefly if® been the time. An ob- 
servation of a set of altitudes, with their t’ for example, is con- 
ducted as follows : — 

(1.) The observer sets the index to the estimated alt. (No. 492) , 
about J of a minute before he expects to complete the contact, he 
cries, “ Look out!” at the instant of contact, he cries, “ Stop !” on 
which the assistant writes down the second, the minute, and the 
hour. The observer then reads off* the degree, minute, and division 
of the seconds, as 10", 20", 30", &c., which the assistant writes 
down. Three, flve, or more altitudes make, generally, a set of 
sights. 

When the assistants liave watches shewing seconds,, each takes 
his altitudes at leisure, and the whole is reduced to the same instant 
by calculation. 

(2.) The times are then added together, and the sum divided by 
the number of alts. The alts, are then in like manner added toge- 
ther, and the sum divided by their number is, when the second 
dilfcrence is not considerable (No. 558), the alt. corresponding to 
the mean of the times. When the number of alts, is odd, and the 
intervals are nearly equal, the means will not difler much from the 
middle time and its corresponding altitude. 

562. When two sets of observations are taken by different per- 
sons, nearly at the same time, they are reduced to the same instant 
thus ; — 

The difference or change of altitude (or other angular measure) 
m the time occupied by the observation is given ; then the interval 
between the given mean of the times, and that to which it is pro- 
posed to reduce the observation, being found, the quantity to be 
^pplied to the altitude is determined by proportion. For accuracy, 
die change of alt. must be properly computed by No. 669 or 671. 

563. The observer should, how^ever, take the whole observation 
himself, and he will then learn to estimate his results at their real 
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value, of which he can be no judge when they are taken by other 
persons. 

Wlien the observer takes his own time, he holds his watch in his 
hand, or places it cither where he can obtain sight of it readily, or 
where he can hear it tick plainly. In the latter case, the first beat 
after the instant of contact he counts 1, the next 2, &c.; then, looking 
at the watch, he counts on till the second hand arrives at a marked 
number of seconds, as 10, 16, &c. ; he then writes down these 
seconds, and after them the number of beats counted, to be sub- 
tracted. 

If the observer can count 10 or 20 seconds without an error ol 
more than 1® or 2*, he may put the watch wherever it is most conve- 
nient to inspect the face, and thus avoid the principal difficulty in 
taking the entire observation himself, especially at night. 

He then re^ -- the alt., and sets it down. 

The sum oiN. Decl. 22° 20 to be deducted before the mean of the 
times is taken. 

Most watches b. ^s in 2*, or each beat counts 0’-4. 

Ex. After the instant ° °tact, 14 
beats are counted ; the seco? . .md is then 


at 30*, the min. 42, and the hour 10, and so 
on, as follows ; — 


io’‘ 42"*3o* subtract 14 heats. 

10 44 10 32 

10 46 O II 

132 40 57 

(corres. to 57 beats.) 


3)_JJ±_J72 
Mean 10 44 5*7 


III. Employment of the Hack Watch. 

664. This is a portable ’ chronometer, or good watch, used for 
observation, to save moving the standard chronometer. Since the 
watch and chronometer will not in general go exactly together, they 
must be compared both before and after observation, in order to find 
what time the chronometer shewed when the observation was taken. 
Thus, 

Within 5 or 10 seconds of a whole minute by the watch the 
observer tells the assistant to “look out” on the chronometer. At 
the minute he cries “Stop!” when the assistant writes the times, 
and takes their differences. This should be repeated two or three 
times, and the mean result employed. The observer can compare 
alone, by counting the beats of the chronometer till the expiration of 
the minute. 

If the difference between the watch and the chronometer be the 
game before and after observation, the time of observation by the 
chronometer is at once deduced from that by the watch ; if not, a 
correction must be applied, as in the following example: — 
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Before Obs. After Obs. Intervals. 

Watch 3^ iini o* 4^ 3n> o* o** 52™ o* 

Chron. IQ 31 i 8‘4 11 2^ 21*7 o 52 3*3 

Diff. 7 20 i8’4 7 20 21*7 3*3 

Time of observation by watch, 3*^ 32™ 37*: required the time of do. by chron. 

The watch hero has lost 3"*3 on the chron. in 52™. The observation taking place 21"' 37* 
)y watch, after the first comparison, we have 52"* ; 3»‘3 : : 21*“ 37®; i‘“4, the Ions of the watch 
)n the chron. at the time of observ. ; tliis, added to 2i‘“ 37*, gives 2i‘“ 38‘‘’4, which, added 
,0 io'‘ 31'“ i8“*4, gives io'‘ 52*“ 56"* 8, the Time by Chron. required. 

565. When the times hy watch are separated by considerable 
intervals, and the rate of* the watch is large, each time may require 
to be thus corrected for its proper gain or loss. 


IV. Finding the Stars. 


566. The most conspicuous stars have been designated, from 
remote antiquity, by names ; besides which, tlie stars in each con- 
stellation or group are distinguished, for reference, by letters and 
mniibers. The letters chiefly used for this purpose are the small 
letters of the Greek alphabet, which, with their names, are written 
as follows : — 


a alpha i zeta 

beta n eta 

<y gamma 9 theta 

delta < iota 

f epsilon K kuppa 


X lambda 
(A mu 
V nu 
I ksi 

0 0 micron 


ir pi 
f ro 

or sigma 
T tan 
u upsilon 


(p phi 

^ psi 
a omega 


567, In finding any star in the heavens, it is necessary to refer to 
some one star or constellation as known : the Great IJear, called 
also by the .Latin name Ursa Major, a constellation of the figure 
dicwn below, in the nortlierii part of the heavens, and consisting of 
s‘neii principal stars, is the most convenient for tlie purpose. 

Pole Star. 

* 


5k 


* 


* 


I 


3 


3k 

7 
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The two stars a and ^ point nearly to the Pole Star (or Polaris)^ 
and are hence called the Pointers. This star will not easily be mis 
taken, as it appears always in the same place. 

A line from Polaris through jj (the last of the tail) passes, at 31® 
beyond n, through Arcturus, one of the brightest stars. 

A line drawn from Polaris perpendicular to the line of tlie 
Pointers, and on the opposite side to the Great Bear, passes, at 48® 
distance, through Capella, one of the brightest stars. 

In this same line, about the same distance on the opposite side of 
the pole, is a Lyrce^ or the bright star in the Harp, called also Veya, 
and also by seamen Lyra, a large white star. 

At one-third of the distance from Arcturus to a LyrcB is Alpiiacca, 
the brightest of a semicircular group called the Northern Crown 
( Corona Borealis). 

A line drawn from 5 (the faintest of the seven above) through 
Polaris, passes through the constellation of Cassiopeia. 

About 23® to the eastward of a Lyrce, and about the same dis- 
tance as this star from Polaris, is the bright star in the Swan (or 
« Cygni). 

A line from Polaris passing between this last and a Lyrce, pro- 
duced to an equal distance beyond them, passes through Altai ii 
(a Aquiloe), a bright star between two small ones, the three lying in 
the direction of a Lyrm. 

The line of the Pointers, carried through the pole to about 62® 
beyond it, passes through /? Pegasi, called also Scheat, and about 13® 
further, through Marcab (a Pegasi). 

A line from Polaris, drawn between Capella and a star near it to 
the eastward, passes to the westward of the constellation Orion. The 
two northern stars of the four at the corners are the shoulders, the 
northernmost of which is Betelguese, or a Orionis. The brightest 
of the two southern stars, the feet, is called Bigel. In the middle 
are three small stars forming the belt, the northernmost of which is 
nearly on the equator. 

About 25® to the northwestward of the belt, and not far out of 
the direction in which it points, is Aldebaran, which may be known 
by its red colour. 

A line from Aldebaran through the belt passes, at about 20® on 
the other side, through Sirius, the brightest of the stars. 

Sirius, the eastern shoulder, and Procyon (to the northward of 
Sirius and eastward of Orion), form an equilateral triangle. 

Nearly midway between Orion and the Great Bear are the Twins, 
Castor and Pollux (the southern and brightest), about 4® apart. 
The line from Polaris io Procyon passes between them. 

A line from Bigel through Procyon passes, at an equal distance 
beyond, to the northward of Regulus. d and y Urs. Maj. serve a? 
pointers for Begi^ms. 

A line drawn from Procyon through Begvlus, at nearly an equal 
distance beyoixl it, passes through ^ Leonis, or Deneb. 

A line from 5 Urs. Maj. through Regulus, passes, at 30^ beyond, 
through Cor HYDRiE. 
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A line from Polaris through ^ Urs, Mnj. passes, at 70° distance, 
through Spica ViRGiNis. 

Arcturus, Spica, and Deneb, form an equilateral triangle. 

A line from Regulus through Spica passes, at 45° distance, 
through Antares, a very bright and reddish star. 

A line from a Orionis {Betelguese) through Aldeharan passes, at 
30 ® distance, through a Arietis, not a very distinct star. 

The Southern Cross is about as far from the South Pole as the 
Great Bear is from the North Pole; a is the foot, and y the head. 

A line from Polaris through Alarcab passes, at 45° distance, 
through Fomaliiaut, a very bright star. 

Scheat and a ANDROMEOiE, called also Alplieratz^ form the north 
side of a square; Marcab and Algenib the south side. 

Aciiernar, Fomaliiaut^ and Canopus, are in a line, and nearly 
equidistant, being about 40° apart. 

668. When a few stars are known, the rest are easily found by 
the times of their Meridian Passages, Table 27, and their Declina- 
tions, Table 66, as described in No. 482 (8). 

A star may also occasionally be identified by means of its alti- 
tude, or azimuth, computed roughly. 


CHAPTER IV. 


Subordinate Computations. 

1 The Greenwich Date. II. Reduction of the Elements 
IN THE Nautical Almanac. III. Conversion of Times. 
IV. Hour-Angles. V. Times of certain Phenomena. 
VI. Altitudes. VII. Azimuths. 

669. Such parts of computations as are common to more opera- 
lions than one are collected, both to avoid repetition and for facility 
of reference, in this chapter, which contains also some smaller 
computations not relating directly to the principal divisions ot the 
subject.* 


^ Certain computations in tliis chapter, though not of immediate application in the pre* 
Yol)||ne, may be found useful for the purposes of verification. 
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I. The Greenwich Date.* 

1. Conversion of A7'c and Time, 

570. To turn Degrees and M iiiitcs into Time. 

Jiy Inspection, — (1.) To the whole second. Enter Table 68 or 
69 with the given arc, and take out the hour, minute, and second. 

Table 68 shews the time to the nearest two seconds. 

(2.) To parts of* seconds. Take out of Table 17 the hours, 
minutes, seconds, and parts corresponding to the given degree, min., 
and sec. 

Ex. l. Turn 36° 11' into Time. Ex. 3 . Tarn 134" 5a'9"*7 into Time. 

In Table OS, or 69 , 36"" ii' is seen to be In Tabic 17 , 130'’, 8" 40™ o* 

2^ 24«‘ 44* in Time. 4 

52' 3 ^8 

Ex. 2 . Turn 101° 41' 45" into Time. 9 o'6 

Ans. by Table 69 , 6'' 46'" 47* in Time. o *7 ^ 

Time required 8 59 28*65 

571. J??/ Computation. — Multiply the arc by 4; this turns the 
degrees into iniiuites of time, the minutes (') into ^cconds of time, 
and the seconds (") into tliirds of time.t 

Ex. 36° 1 1' multiplied by 4, is 144'" 44*, or 2^* 24'” 44" in Time. • 

572. To turn Time into Degrees, Minutes, and Seconds of Arc. 

By Inspection. — (1.) To the nearest second or two seconds. 

Em])loy Table 68 or 69. 

(2.) To ])arts of seconds. Takeout of Table 18 the deg., min., 
and sec. corresponding to the hours, mins., and secs, of time. 

573. By Computation. — Turn the hours into minutes, and divide 
by 4 ; the quotient is the deg., min., and sec. 

Ex. 1. 2'' 24™ 44* are 144'“ 44", which, divided by 4, gives 36° ii' in Aac. 

Ex, 2. 5’* 20"' are 320™, which divided by 4 gives 80^ in Arc. 

2. Deduction of the Greenwich Date, 

574. The Civil Date begins at midniglit. No. 480 ; the Astrono- 
mical Date begins at noon ; thus the civil date Oct. 1st, 3 p.m., is tlie 
astronomical date Oct. 1st, 3*'; but 11 a.m. on this day, civil date, is 
the astronomical date Soj)t. 30th, 23**. 

In most cases it is necessary to refer to the astronomical time at 
Green wicli, or the Greenwich Date, No. 481, because it is for the 
time at this meridian tliat the elements of astronomical calculations, 
wliich are in perpetual change, arc given in the Nautical Almanac. 

The Greenwich Date is always mean time, unless the contrary be 
expressed. At sea, however, it is often convenient to deduce the 
Greenwich Date in App. Time. 

* The term Greenwich Date^ used always by Dr. Inman, is preferable to Greenwich 
Time, because it is essential to note the day as well as the hour. 

t The reason of tlicse ruits will appear on considering that dividing 360 ® into 24 '* gives 
15 ® for 1 hour, 15 ' for 1 "', ani 15 " for 1 *; and further, that to multiply by 60 , and at tlie 
same time to divide by 15 , is ihe same as to multiply by 4 : and to multiply by 15 and to 
divide by 60 is to divide by 
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575. To find the Greenwich Date by the Chronometer 

Since the chronometer is regulated to Greenwich mean time, 
apply the gain or loss up to the time proposed. No example is 
necessary, as this is no more than the common process of allowing 
for the error of a watch. 

576. To find the Greenwich Date without the Chronometer : — 
(1.) In W. Long. Find the Astron. Date, No. 574; add to it 

the Long, converted into time. No. 570. If the sum amounts to or 
exceeds 24^, deduct 24*' and reckon the time on the next day. 


Ex. 1. June 3d, at 3** 30"* p.m., long. 
31° W.: find the Greenwich Date. 

Astron. Date, June 3d, 3^' 30™ 

31^ + z 4 
Grkenwicii, June 3d, 5 34 


Ex. 2. June 4th, 5** 18® a.m., long. 
130'-' W.: fijid the Greenwich Date. 
Astron. Date, June 3d, 17’’ 18® 

130% 4.0 

25 5 ^ 

Greenwich, June 4th, i 58 


(2.) In E. Long. Find the Astronomical Date, No. 574 ; subtract 
from it the Long, in time: the remainder is the Greenwich Date. 
If the Long, be greater than the Astron. Date, add 24*^ to this last, 
and leckon the time on the preceding day. 


Ex. 3. April 15th, 4** 17® p.m,, long. 
a8° E. 

Astron. Date, 15th, 4^ 17™ 

2 ^'% —I 52 
Greenwich, April 15th, 2 25 


Ex. 4. Dec. 31st, 57® a.m., long. 

40° E. 

Astron. Date, 3cth, i8** 57® 

40''’, —2 40 

Greenwich, Dec. 30th, 16 17 


(3.) When it is noon at the place. In AV. Long, tlie Greenwich 
Date is the Long, in time. In E. Long, take the Long, in time from 
24^: the remainder is the Greenwich Date on iha preceding day. 


Ex. 5. Eebruary 13th, noon, long. 
122^ W. 

Greenwich, Feb. 13th, 8*‘S® p.m. 


Ex. 6. IMarch 31st, long. 91° E. 

Long. 6*^ 4® 

Greenwich, March 30th, 17 56 


577. It is easy to perceive, 011 all occasions, what the Greenwich 
Date must be, by proceeding from noon at the j)hice. 


Thus, in Ex. 2, when it is noxin in 130®^., it is 8“ 40® later eX Greenwich; hence, 
when it is 6**42'“ before noon at this place, it is 6** 42® before 8*' 40®, or 1** 58"* p.m, at 
Greenwich, on the same day. 

Ex. 4. When it is noon in long. 40° E., it is 2** 40® before noon at Greenwich ; hence, 
when it is 6** 57'“ a.m., or 5*' 3® before noon at this place, it wants 2** 40® and 5** 3®, or 7** 43® 
of noon at Greenwich on this day ; or it is 16** 17® on the day before. 


IL Reduction of the Elements in the 
Nautical Almanac, 

678. This Reduction is effected by Inspection, or by Logarithms, 
No. 597. AVhen extreme precision is required, a further correction 
is necessary, on account of 2d Differences, No. 598. 



190 


NAUTICAL ASTRONOMY. 


1 . Reduction by Inspection, 

[1.] The Sun* 8 Declination. 

579. At Sea. — (1.) At noon. Take out of the Nautical Almanac, 
p. I., or Table 60, the sun’s clccl. at noon of the day, and note whether 
it is increasinj^ or decreasing ; take out of Table 19 the correction fop 
long., and apply it, as there directed, to the deck at noon. 

If the correction, when subtractive, exceed the deck at noon in the 
table, the difference is the deck of the contrary name. 


Ex. 1. Nov. 13th, 1878, long. 64° W.: 
find the decl. at noon. 

Sun's dccl. 13th, noon, i8° i' S. (iwcr.) 
64° W. Table 19 +3 

Red. DiJCL. i8 4 S. 

Ex. 2. March 20th, 1878, long. 178° W.: 
find the Sun’s decl. at noon. 

Decl. 20th, noon, o® 6' S. (//ccr.) 

178° W. Table 19 — 1 2 

Red. Decl. o 6 N. 

Ex. 3. June 20th, 1878, long. 120® W. : 
find the decl. at noon. 

Decl. 20th, noon, 23^27' N. (incr.) 

120® W. 'Pahle 19 o 

Red. Decl. 23 27 N. 


Ex. 4. Sept. 22d, 1878, long. 167° W. \ 
find the Sun’s decl. at noon. 

Decl. 22d. noon, o® 1 6' N {deer.) 

167° W. Table 19 — -ii 

• Red. Decl. o 5 N. 

Ex. 5. Ang. 6th, 1878, long. 85° E. : 
find Sun’s dccl. at noon. 

Decl. 6th, noon, 16° 41' N. {deer.) 

85° E. Table 19 +4 

Red. Decl. 16 45 N. 

Ex. 6. March 20th, 1878, long. 80° W. : 
find Sun’s decl. at noon. 

Decl. 20th, noon, 0° 6' S. {deer \ 
80° W. Table 19 ~S 

Red. Decl. o 1 S. 


When the declination at noon at Greenwich is 0® 0' in east long., 
the correction is the deck of the same name as that of the day before; 
in \cest long, the correction is the deck of the same name as that of the 
day after. 

(2.) At a given hour. Correct for long, as above, and then apply 
the correction for the hour. 


Ex. 1. March 2ist, 1878, long. 123° W.; 
at 3** p.M. : find the decl. 

Decl. 2ist, noon, o° i8' N. (mcr.) 
123^ W. +8'1 

3‘* +3'1 ^ 

Red. Decl. o 29 N. 

For 3*? A.M. the corr. will be for g**, or 
9', tubtractwe, and the Decl. is o° 17* N. 


Ex. 2. Feb. 12th, 1878,' long. 78° E. at 
50™ p.M. : find the decl. 


Decl. 12th, noon, 13° 3 g' S. 

78" E. _ 

7 h 50™ - e ] 

Red. Decl. 13 36 S. 

For 7^ 50™ A.M. the corr. is that for 
4^ 10"’, or 3’, additive, and the Decl. is 

13Q 45' S. 


580. Accurately. — (1.) Find the Greenwich Date.* Take out 
of the Nautical Almanac, p. II., the deck for noon of the same 
and the next days, and take the diff. between them, or the Daily 
Variation. 

When the declination changes its name, the daily variation is the 
myn of the two declinations. 

(2.) With the Greenwich Date and daily variation take out the 
proportional part from Table 21. 


♦ When the Greenwich Date is given in Apparent Time, the Sim’s dccl. &c. ar6 taken 
from p. 1, of the Naut. Aim. instead of p. II.; the computation in other respects is the same- 
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(3.) When the first decl. is increasing ^ add this prop, part to the 
decl. at noon ; when decreasing^ subtract it. 

If the prop, part, when subtractiv3, exceed the decl. itself, the 
diSerence is the decL of the contrary name. 


Ex. 1. May 9th, 1878, at 11’* 30“ mean 
time at Greenwich; find the Sun’s declin. 
9th, Page II., N.A. 17° 2 3' 58"*9 N. 
loth, 17 3 9 47 ;4 N. 

Daily Van 15 48 *5 

ii« 30“, var. 15' 30" 7 215 -6 

18-5 8 -9 

+ 7 34*5 

9th, at noon, 17 2-3 58 *9 N. 

Red. Decl. 17 31 33 -4 N, 


Ex. 2. March 21st, 1878, 15^ 27“ mean 
time at Greenwich ; find tlic S-jn’s dccUn. 
2ist, Page II., N.A. o® 18' 2"'4 N. 

22d, o 41 42 '6 N. 

Daily Var. 23 40 *2 

15’* o“, var. 23' 30" 14 41 *2 

102 6 4 

27’", 23 40 26 6 

4 - 15 14-2 

2ist, at noon, 018 2 4 N. 

Red. Decl. o 33 16 *6 N, 


The sun’s decl. changes nearly 1' an hour, or 1" in 1*", in March 
and Sept. ; hence, to ensure it to 1" in the extreme case, the Green- 
wich Date must he true to 

The 2d diff. (see No. 598) is 26'' a-day in June and December. 
The greatest error of omitting it is then g of 26", or 3". 


[ 2 .] T'he Sun*s Right Ascension. 

581. Approximately . — Find it in the Nautical Almanac, or in 
Table 61, for noon. 


Ex. 1 . 1878, March 21st: find the 

San’s Il.A. 

Sun’s R.A. 2ist, o" 3® 


Ex. 2 . 1878, Dec. 5th: find the Sun’s 
R.A. 

Sun’s R.A. 5th, i6**47"‘ 


582. Accurately. — (1.) Find the Greenwich Date. Take out of 
the Nautical Almanac, p. 11. , the R.A. for noon of the same day 
and the next. Take the difference between them, which is the Daily 
Variation. 

When the first R.A. has 23*^ and the second 0’’, add 24‘’ to the 
second, and subtract the first from it: the remainder is the Daily 
Variation. 

(2.) With the Greenwich Date and the Daily Variation find the 
proportional part from Table 21. 

(3.) Add this prop, part to the first R.A. : if the sum exceed 
24^ reject 24^ 


Ex. 1. June 6th, 1878, at 8** ii”* a.m., 
mean time, long. 17° W. ; required the Sun’s 
R.A, 

Astron, Time, June, 5*' 20’' ii™ 
Long. 1 7® W. +18 

Green. Time, June, 5 21 19 

R.A. 5th, Page II., N.A., 4*' 53'" I9*'2 

^th, 4 57 26-4 


Daily Var. 

4 

-in 

ax’* o“, var. 4™ o" 

3 

30 

7*2 


6-3 

4 7 


_ 3:3 

Corr. 

+ 3 

39*6 

Sth, 11 .A. 


19 '2 

Red. R.A. 

4 56 



Ex. 2. March 22d, 1878, at 2.^ 20“ p.m„ 
mean time, long. 43° E. : required the Sun’s 
R.A. 


Astron. Time, March, 

22** 2** 20“ 

Long. 43® E. 

— 2 52 

Green, 'rime, March, 

21 23 28 

.A. 2ist, Page II., N.A. 

, 0*' 2’" 46' ‘4 

22d, 

0 6 24 7 

Daily Var. 

3 3* '3 

23*' o'“, var. 3™ 30* 

3 21 *2 

8-3 

8*0 

28*”, 3 3 ^ 

4 * 
+ 3 33 *4 

21st, noon, 

0 2 46 4 

JUd. R.A. 

06 19-8 
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When the R.A. in the tables is 0, the prop, part is B.A. 
required. 

The greatest daily change of R.A. is 4™ 30* in December; the 
smallest, 3"^ 30® in September. 


[3.] The Equation of Time. 

583. At Sea,' — (1.) Find the Greenwich Date. Take out the 
equation of time from the Nautical Almanac, p. L, or Table 62, for 
the same day and the next. When both the equations are directed 
to be added, or botli to be subtracted, take their difference : if one is 
to bo added and the other subtracted, take the sum : the result is 
the Daily Variation. 

(2.) With the Greenwich Date and the Daily Variation find the 
correction or pro])ortional ])art by Table 21. 

(3.) When the first Equation is increasing, add the prop, part; 
when decreasing, subtract the lesser from the greater. 

If tlie prop, part, wlien subtractive, exceed tlic first Equation, 
their diff. is the Reduced Equation, and is additive or subtractive 
according to tlie direction for the second Equation. 


Ex. I. June 25th, 1878 

1, long. 41® 

W. 

at 3** 28’" r.M. (app. time) : 

find tlic Equa- 

lion of Time, 



Astron. Time, June, 

25.1 3»>28"“ 


41'^ W. 

.t.2’„44 


Green. Time, June, 

2<; 6 12 


Eq. T. 2 5(Il, 

4- 2‘“ i8"-5 


26tll, 

+ 2 31 *2 


Daily Var. 

127 


fih j2™, var. 12*7 

+ 3 ’2 


25th, noon. 

2 18 *5 


Red. Eq. of T. 

+ 2 21 7 


Ex. 2. Nov. 29th, 1878, 

long. 103® 

E. 

at apparent noon : find the Equation 

of 

Time. 



Astron. Time, Nov. 

29'^ 0” 0™ 


103° E. 

~6 52 


Green. App. T. Nov. 

2H 17 8 


Eq. T. 28tli, 

ii“* 51-1 


29th, 

II 30-0 


Daily Var. 

21 1 


17** S'", var. 2i*'i 

-151 


28th, noon. 

-11 51 -I 


Red. Eq. op T. 

— 1 1 36-0 



Ex. 3. Doc. 25th, 1878, long. 18° W. 
at 5‘‘ 0“ A.M. (app. time) : find the Equa- 
tion of Time. 

Astron. Time, Dec. 24^17** o™ 

18° \V. I 12 


Green Time, Dec. 
Eq. T. 24th, 

25th, 

Daily Var. 
1811 I a’", var. 30* 
24th, noon, 
Rko. Eq. of T. 


24 18 12 

— o"* io"-o 
+ 0 20-0 

o 30 'O 
— 22 7 

— o 10 "O 
+ 0 12 7 


Ex. 4. Sept, ist, 1878, long. 84° E. at 
4** 34*" A.M. (app. time): find the Equation 
of Time. 

Astron. Time, A ag. 31^16’' 34™ 
84° E. -5 36 

Green. App. T. Aug. 31 10 58 


Eq. T. 31st, +o‘" 1 2* I 

32d, o 6 *5 

Daily Var. 18 *6 

lo** 58“, var. i8'*6 —8 '5 

Eq. T. 31st, o 12 *1 


Red. Eq. or T. +0 3 *6 


As the Equation of Time is geneinlly required for a particular 
hour, the above method by Table 21 is more convenient than that' by 
Table 20, in which the correction is given corresponding to the longi- 
tude, and the time ,at ship, without reference to the time at Green- 
wich. The first example worked by Table 20 will stand thus (no 
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furtber explanation being necessary, as the table is entered precisely 
like Table 19 ); — 


Ex. I. June 25th, 1878, 

long. 41® W. 

Ex. 2. March 26tli, 1878, long. 109® 

at 3 ** aS*" p.M. 


at 7** 42 ® A.M. (app. time). 


Eq. T. 25th, 

+ 2" iS' s 

Astron. Time, March 25'’ 

‘ 1 9’* 42“ 

26th, 

+ 2 31 *2 

Eq. 25th, 

+ 6® 4**2 

Daily Var. 

12 *7 

26th, 

+ 5 45 ’7 

4i«W. +i- 4 \ 


Daily Var. 

18 *5 

3’’ 28® + I - 8 / 

+ 3 *2 

12^ 0® —9**2'] 


£q. 35th, 

+ 2 18-5 

742 -5-9^ 

“ 9 ’5 

Red. Eq. or T. 

+ 2 21 7 

109° E. + 5 '6 J 




25th, noon, 

+ 6 4 *2 



Reo. ICq. of T. 

+ 5 54 •? 

584 . Accurately,- 

—Proceed as 

directed in No. 583 , 

with mi 

attention to precision 

in the several quantities. 


Ex. I. Green. Date, June e.'tli, 1878, 

Ex. 2. Green. Date, Dec. 24tli, il 

gh ijin (app. time): find the Equation of 

15** 49® (app. time) : find the Eqiiatioi 

'riaiP. 


Time. 


Eq. 25th, page I., N. A. 

2"'i8*-5 

Eq. 24th, N. A. 

i 

% 

q 

6 

26th, 

2 31 *3 

25th, 

4-0 20 'O 

Daily Var. 

12 7 

Daily Var. 

p 

0 

6** 0®, var. I2"*7 

3-2 

l^h 3oTn^ var. 30* 

19 *4 

11™, do. 

•I 

19®, du. 

*4 


+ 3 -3 


— 19 -8 

Eq. 25th, 

+ 2 18 *5 

24th, Eq. 

— 0 10 0 

Rei;. Eq. of T. 

+ 2 21 ‘8 

Rf.i). Eq. of T. 

I 

0 

VO 1 

00 


[4.] The (Sidereal Time at Moan l^oon. 

585 . Take from Table 28 the Aceoloratioii corresponding to tbo 
hours, miiiules, and seconds of the Greenwich Date ; add them to 
the Sidereal Time at the preceding mean noon.* 

Wiicn the sum exceeds 24 '*, reiect 24 **. 


Ex. 1. Green. Date, Nov. ist, 1878, 
3*‘ 41"’ 39* : find the Sid. Time at mean 
noon. 

Sid. T. mean noon, Nov. ist, 14*' 42'“ 3 3* '7 
Accel. 3*' 29-6 

41'" 67 

39 * 

Red. SiD. Time 14 43 lo' i 


Ex. 2 . Green. Date, March 23d, 187S, 
2o»» 36”' 57* : find the Sid. Time :-t mean 
noon. 

Sid. T. mean noon, March 23d, o** 3‘"2i‘‘7 
20** 3 17*1 

36"* 5 '9 

57 * 2 

Red. Sill. Tims o 6 44*9 


[5.] The Moon s Horizontal Parallax. 

586 . At Sea . — As tlie Moon’s Horizontal Parall.ax does not change 
more than 27 " in 12 lioiirs, it may be, in most cases, taken out of the 
Ahmlieal Almanac at siglit. 

587 . Ai’vuratcly. — (I.) Find the Greenwich Date. When the 
Greenwich time is less than 12'*, take out the hor. par. for the noon 
and midnight of the given day ; when it exceeds 12‘’, take out the 
quantifies ibr the inidniglit of tlie same day and the noon of tlic next, 
hike tlie difference between them, which is the variation in 12 hours. 


^ The Sidereal Time at im-an noon may he (bund roughly ihus: -To the sun’s R. \. in 
la.'le 61 apply the Ktj of Time (Vom Table 62 , the eoiitrary way to that directed ; Cor e\., 
t le sun’s K.A. otj Nov. ist is 14'’ 26"*, the Eq. of Time is 16'" suh ; luMce, addimj 16"' to 
‘4' 26"', gives 14^42’", the Sid. Time required. 


O 
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(2.) Enter Table 21 with the Greenwich Tiri^e and the l2-hourly 
var.j and take out the proportional part. When the horizontal paral- 
lax is increasing^ add this prop, part ; when decreasing ^ subtract it from 
the horizontal parallax at the preceding noon or midnight. 

Ex. J, Green. Date, Jan. ifth, 1878, | Ex. 2 Green. Date, Aug. 12th, iS7f, 
j|m. required the Hor. Par. iS** 28“: required the Ilor. Par. 


H.P. 1 5 th, noon, 

57 ' 45"-^ 

II.P. 1 2 th, midn. 

54' s 6'’-9 

15 th, midn. 

58 12 ‘7 

1 3 tli, noon, 

54 45 ‘9 

Var. in laS 

27 ‘5 * 

Var. in 12 **, 

II ‘O 

5b j var. 27 "*S 

+ 1 1 ‘9 

3 ’* 28 ™, var. 

-3 •» 

15111 , noon, 

57 4112 

I 2 tli, midn. 

54 56 '9 

Red. Hor. Par. 

57 57 -I 

Red. Hor. Par. 

54 53 *7 


When necessary to correct for latitude (No. 437), see Table 41 


[6.] The MootVs Semi-diarneter. 

588. As the variation in 12*' does not exceed 8", the semi-diameter 
may be taken out of tlie Nautical Almanac at sight. In general the 
hor. par. is required at the same time, and the semid. corresponding 
is then taken at once from Table 40. 


[ 7 .] The Moon*s Declination. 

589. At Sea. — (1.) Find the Greenwich Date. Take out of the 
Nautical Almanac the decl. corresponding to the hour of the Green- 
wich Time, and also the diff. for 10"‘. 

(2.) Enter Table 22 with this ditf. and the minute of the Green- 
wich Date, and take out the prop, part at sight to the nearest 
minute. 

(3.) When the declination is mcreasing, add tliis prop, part to it; 
when decreasing, subtract the lesser from the greater. If the pro]). 
])art, when subtractive, exceed the deck, their diff. is the decl. of the 
contrarg name. 


Ex. 1 . Green. Date, Feb. i6tli, 1878, 
j 56“*: find the Moon’s dcclin. 

Decl. I!^ 14° 39' N. deer. D. 154" 

56“ D. 154" -14 

Red. Decl. 14 25 N. 

Ex. 2 . Green. Date, April 24th, 1878, 
10** 47”* ' find the Moon’s dcclin. 

Decl. 10**, 18° 15' S. deer. D. 108" 

47® D, 108" — 8 

Red. Decl. 18 7 S. 


Ex. Green. Date, .Tune 25tli, 1878, 
511 50"*; find the Moon’s dcclin. 

Decl. 6^ i8°33'N. incr. D. 106" 

do» . +9 

Heu. Decl. 18 42' N. 

Ex. 4. Green. Date, Sept. 22d, 1878. 
the Moon’s declin. 

Decl. 9**, 18° 34' N. deer. D. 112 

37“. r ? 

Red. Decl. 18 26 N. 


When the decl. for the given hour is 0, the prop, part is the decl. 
of the name of the next hour. 

590. Employ the decimals of the diff. for 10"' as 

whole seconds, taking care to divide* the prop, part corresponding 
by 10, or by 100. Proceed as above directed in No. 589, (1) and (3); 
also take the seconds of the Greenwich Date as minutes, taking care 
to put the minutes of the prop, part into the place of the seconds, 
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and the seconds into that of thirds : it is near enough to work to the 
fraction of 1'". 


Ex. 1. Green. Date, Aug. i6, 1878, 17** 38"*2c‘: 
find the Moon’s declin. 

Decl. 17*’, 8® 10' N.awcr. D. i3o"*28. 

i3o"*28 : : 38 +8 19 *4 
’ilKp. Dxcl. 8 18 22 ‘6 N. 


Ex. ‘J Green. Date, Jan. 22d, 1878 
4*' 31"* 45* : find the Moon’s declin. 
Decl. 4*', 0° 1 5' 27"*7 N.de*- 

1 o*“ : 1 7o"*92 : : 3 1 5 "' 9 2 *7 

Red. Decl. 6 25 *0 N. 


The greatest change of decl. in 1 liour is 17' ; hence, to obtain 
the decl. in tlie extreme case, true to 1', the Clrcenwicli Date must be 
true to 4*", or 1° of long. ; and to obtain it to 1", the Greenwich Date 
must be true to 4®, in the extreme case. 


[8.] The Moon*s Right Ascemion. 

591. Take the diff. of D.A. for l'\ To the const. 9*5229 add the 
])rop. log. of the cliff, for I'*, and the prop. log. of the minutes and 
seconds of the Greenwich Date: the sum is the prop. log. of the 
proportional part, always aildifice. 

When the sum exceeds 24’’, reject 24’’. 

Ex. 1. Green. Date, Feb. 2d, 1878, I Ex. L>. Green. Date. April 28th, 1878, 
jb jym j^n. JVfoon’a R. A. 16'' 56“ 45*: find the Moon’s R.A. 


11. A. i\ 

2", 

2I»‘ II" 
21 I 3 

‘ 45-3 

4 * *3 

9 S 229 

R.A. i6'', 23’* 

17'', 0 

58”’ 54»-6 

0 40 -4 

95229 

V.II. 1% 

I 

56 -o 

I 9690 

Var. i", 

"i 45^8 

2*0089 

Tiiru*, 

17 

JJ__ 

1 oiSs 

'I'iiuf, 

. 5 L 45 _.. 

•5013 

R.A. i\ 

Ri d. R.A. 

+ o 

21 1 1 

21 12 

33 ’3 

18 6 

2-5104 

R.A. 16'', 23 

Red. R.A. 0 

I 40 

58 54 ’6 

0 34 -6 

2-0331 


The grealest change in 1’’ is 2'" 55% the smallest is I’” 45* ; hence 
to have the result true to 1% the Greenwicli Date must be true to 20*. 


[ 9 .] Right Ascemiori of Vemis. 


592. With the Green. Date and daily variation of R.A. deduce 
the prop, part by Table 21 ; this is always to be added to the R.A. at 
the preceding noon. 


Ex. 1. Green. Date, May 31st, 1878, 

1 Ex. 2 . Green. 

Date, May 

5tb, 

; ' 47“ : find Venus’ 

R.A. 


22** 47“: find Venus’ R.A. 



R.A. May 31st, 

,1. 3^n 

3 50-0 

U. A. 5th, 

23’* 

56“ 

•48-6 

June ibt, 

A 43 

_ 5 ?:? 

6th, 

0 

0 


Daily Var. 

__ .4 

_ 9 :? 

Daily Var. 



46 4 

2 1 1» Q. 

3 

35-0 ' 

22*’ 30"*, var. 3"* 

30* 

3 

16 *9 

9 '9 


8-9 


164 


15-4 

17"*, 4 9-9 


29 

17 "*, 3 

464 __ 


27 

R.A. 31st, 

3 

46 -8 



3 

35*0 

t 39 

50 'O 

R.A. 5th, 



48 6 

Red. IJ.A. 

* 43’ 

16“^ 

Red. U.A. 

0 

0 

23 *6 


The greatest daily change of R.A. is 6“. 
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[10.] Declination of Venu 8 . 

693. Find the proportional part, and apply it to the declln. at 
the preceding noon, as directed in JMo. 580. As the process, whether 
Approximate or Accurate, is the same as tliat for the sun, no example 
is necessary. 

The greatest daily change of declination is 35'. 

[11.] Rifjhl Ascension and Declination of Mara. 

594. Proceed as for Venus. The greatest daily change of R.A, 
is 4"* ; that of declination, ‘25'. 

[12.] Right Ascension and Declination of Jupiter. 

595. Proc^^ed as for Venus. The greatest daily change of R.A 
is 1"' ; that of declination, 4'. 

[13.] Right Ascension and Declination of Saturn. 

696. Proceed as for A^enus. The greatest daily change of R. A. 
is 40"* ; that of declination, 2'. 


2. llednction hy hoyaritlims. 

597. (1.) Tlie pro|)ortional part may he found by the Propor- 
tional Logarithms, Table 74, thus: — For 24-lioiirly variations take 
the constant log. 9 1249; for 12-hourly variations take 8*82-39; for 
3-hourly variations, no constant; and for hourly variations, 9’5229. 

Then to the constant add tlie proj). log. of tlie Green. Date, 
(reading hours and min. as min. and sec. wlnm the var. corresponds 
to more than 3'’), and the prop. log. of the variation as given for 21‘‘, 
12\ 3^, or 1'*; the sum is the prop. log. of the proportional part 
required. 


Ex. 1. (Daily Variation.) Green. Time 
1 1** 30™, Daily Var. 14' 42 '. 

const, log. 9* 1249 
Gr. Time 11** 3o'« p. log. i’i946 
Var. 14 4^'^ p- log. i’o 88 o 
Prop. Part 7' 2"' *6 p. log. 1*4075 

Ex. 2. (Twelve-hourly Var.) Green. 
Time 4‘‘ ii"*, Var. i6'''6. 

const, log. 8 82 3 9 
Gr. Time 4*’ ii™ p. log. 1*6337 
Var. i6''*6 p. log. 2*8133 
Prop. Part 5"*8 p. log. 3*2709 


Ex. 3. (Thrce-liourlyVar.) Green. Time 
7** 1 8'" 12*, change in 3 hours 31' 41'': find 
the Prop. Part lor i*’ 18™ 12". 

Gr. Time 1’* i8“* i2‘ p. log. 3621 
Var. i°3i'4i" p- log. 2930 
Prop. Part 39^49^^ P- log. 6551 

Ex. 4. (Hourly Var.) Green. Time 
io*‘ 56"* ic", Hourly Var. 8' 47"'2. 

const, log. 9*57.29 
Gr. Time 56'" 10* p. log. '5058 
Var. 8' 47^*2 p. log. 1*3^4 
Prop. Part 8' 13"* 5 p. log. 1*3401 


(2.) The proportional part for 24*^ is obtained conveniently from 
Table 21 A;* tlrns: — 


* In common practi(!e at sea the prop, part may be taken out at sight from Table 21 : 
when extreme precision is required the logarithms to four ])laces only arc not suffieieiit. 

For ex., at sea, for tin; Time 7*' 10"', and Daily Variation 22' 27"‘5, we enter the table with 
*121 30", and take out at once (No. 50) the quantity about \ between G' 33''*7 at 7*’ 0*", and 
7' l''*9 at 7** 30"', that is, Q' 40", or G'*7. Now this mental interpolation is performed in 
very considerably h'ss time than it takes to w'rite down the (juantities, while the small inac- 
ciiraty to vdiich it is liable, amounting here to 6' 42"*4 — G' 40", or 2"*4 only, would be 
wholly inappreciobU’, m practice at sea. The logarithms in Tabic 21 A give in this case the 
result true to 0"*1; but if the prop, part were above 8' the logs, could no longer be depended 
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Take out from this Table the loji. of the (jreonwieh Time, and 
add to it the loj^. of the Daily Variation ; tlie sum is the of the 
prop, part required. 

Kx. 1 . (The San’s Declination.) Green. Ex. 3 . (The Efjiiation of Time.) Green. 
Date, May 13th, 11“ 30'“. Date. Jane a?th, h'* ii»‘. 

Gr. Time ii''3o'" log. 3195 Gr. Time 6“ r r“ log. 15890 

Daily Var. 14' 4^" log. 2129 Daily Var. 12" log. 3010 

Prop. Part 7’ 2''- 6 log. 5324 Prop. Part 3" log. 8900 

Ex. 2 . (The Sun’s Right A.seension.) Ex. 4 . ('Right Ascension of Venus.) 
Green. Date, June. 6th, 9’' u;"*. Green. M.T. 19“ 13'", Daily Var. 4'" 54-. 

Gr. Time 9*' 19™ log. 4109 Gr. 'Pime 19^' 13'“ 0965 

Daily Var. 4"' 7'’*5 log. 7648 Daily Var. 4'“ 54“ 6900 

Prop. Part 1”* 36* log. 1*1757 Prop. P.vrt 3'" 55“ 7865 

3. Correction for Second Differences, 

598. Tlie quantities in the Nautical Almanac do not in general 
change uniformly, that is, by equal portions in equal times, but the 
differences of any series of quantities taken in order exhibit differ 
dices among themselves, or second differences^ as in the case of alts., 
p. 182. Hence the proportional part found hv the preceding rules 
is not always tlie actual change in the interval, ])ut may require a 
coriTction, which is called the equation of second differences. 

The gr(*atest error which can arl.se in any case from neglecting 
this corr(3Ction, that is, the greatest valm* equation itself, is ^ 

of the whole 2d diff. ; this takes ])laco when tlu^ interval for wdiich 
the pr()])ortional ])art is n'qniri'd i.s half the interval for which the 
quantiti('s ar(3 set down in the table. 

For e\am])lp, suppose the .‘jociuul diff. of the sun’s dorl. to he 26" in 24*'; the greatest 
error of neglecting the e<pi;ition will be i-8th of 26", and will take place when the Green. 
D.ite i.s 12*', or midnight. 

599. To find the bk[natioii of Second Differences. Take the two 
tpiantities in the table next on each side of the given one, and set 
them down in order. Add together tin; 1st and 4th, and the 2d and 
3(1 ; write against the snm of the 2d and 3d, wluither it be i\\e g reate. 
or the lesser of the two sums. 

Half the ditf. of these two sums is the 2d diff. 

Under the Tabular Inic'rval, and with the Green. Date as inter- 
mediate time, (niter Table 25 and take out the multipli('r, by which 
multiply th(3 2d ditf. ; this is the J'kjuation of 2d dilferences. If the 
-d sum is marked the greater^ add the equation to the prop, part 
d(nJuced by one of the preceding rules; if the /m-r, subtract the 
f^quation. 

J]j|)on as shewing the true tenth, not only hccanse the last figure ccase.s to change by 1 
/ ' 5 S'‘', but because tlu* last figure of any logarithm is itself but. au approximation. 

Although logaritliins aflbnl material serxiee in luultiplieatiou or division of many figures, 
yet in short and easy retluetions they arc attended, as is well known to experieneed arith- 
inetieians, with eon.sitlerable lo.ss of time, and should accordingly be resorted to only when 
they unecjuivocally etlc«*t a saving of time and labour. 

It is also imj)ortunt to observe that the faeility of mental interpolation constantly improve* 
exercise, and that the. habit sharpens the p. reejUion of aritlunetical proportions. 
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By Logarithms, To the prop. log. of the 2(1 diff. add the ar. co. 
log. of the multiplier ; the sum is the prop. log. of the equation 
required. 


Ex. Greenwich Date, June 17th, 1878, 13'* ii”' M.T. : find the Sun^s Declination. 

Tlie two declinations preceding are those of the i6th and 17th ; the two following are 
those of the i8th and 19th. 


June 16th, 
17th, 
18th, 
19th, 


2d Diff. 


23° 22' 3'* 5 
23 23 57 *3 
23 25 26 *3 
23 26 30 *6 
46 48 34*1 
46 40 23 6 {greater) 

2) 49 *5 
H‘75 


In Table 25, Tabular Interval 24‘‘ and 
13** ii'” give *124. 

This multiplied by 24-75 gives 3"-o7, 
the EaUATiON of 2d Diffs. ; winch biung 
aildcd to prop, part as found by No. 5S0, 
gives Dkclin. required. 

By Logs. 

^^"'75 P- 2-6400 

Log. 9-0925 ar. co. 0-9075 

P. log. 3‘5475 


600. This correction is of the most importance when tlie quantity 
attains its tliat is, arrives at its greatest amount between 

two times given in tlic Nautical Almanac. Tliis circumstances is known 
thus: — AMicn the sum of the vars. in 1 liour opposite the (Ireeu. clay 
and tlie following oiui is equal to tlie diff. of the vars. in 1 hour oppo- 
site the Greenwich day and tlie proccHling one; hir ex. on Dee. 

21st, and 22(1, the vars. in 1 liour of the sun are and 

0^'*66 respectively, lienee the decliu. is maximum at some time hetw(30ii 
the noons of the 2 1st and 22(1. 


III. Conversion op Times, 


1. Intervals. 


[1.] To convert an Interval of Mean Time into an Interval of Sidereal Time. 

601. Approximately . — Increase the Interval by 1™ for every 6 
hours, or hy 10'" for each hour, or hy P for every 6'”. 

602. Accurately. — Add to the Interval the Acceleration (Table 23 j, 
corresponding to the hours, minutes, and seconds. 


Ex. 1. (Approximately.) Convert j 
yh i2“‘ 6* of M.T. into S.T. j 

yh 6" I 

70* and 2* 4 1 12 

Interv. IN Sl^ 3 . r. 7 13 18 j 


Ex. 2. (Accurately.) The same ex. 

yh 6* 

yh i»«8'‘*99\ 

12™ 1*97} 

b** -02 ) 

Interv. IN Sid. T. 7 13 16-98 


[2.] To convert an Interval of Sidereal Time into an InUrval of Mean Time. 

603. Approximately . — Diminish the Interval by 1™ for every 6 
hours, or by 10' for each liour, or by 1* for every 6*”. 

604. Accurately. — Subtract from the Interval the Retardation 
(Table 24), corresponding to the hours, minutes, and seconds. 
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Ex 1 . C Approximately.) Convert Ex. 2 . (Accurately.) The same ex. 

7»» 13'“ 17* of S.T. into M.T. 

7** 13"' 17* 7*' I*" 8"’8i \ 

70* and 2* —I 12 13“ ^**3! 10 *79 

Inteuv. IN M.T. 7 12 5 * 7 * ‘05) 

Interv. in M.T. 712 6 01 

The above precepts relate to hitei^vah of time; tlie following are 
fcinplo^’od in the conversion of absolute time of one kind into that of 
another. 

2 . Absolute Times. 

[ 1 .] 7 b C 07 ivert Apparent Time mio Mea^i Time. 

605. Reduce the Equation of Time, taken from jaige I. of the 
Nautical Almanac, or from Table 62 by No. 583, or 584, and 
a|)j)ly it to the given App. Time as directed in the said page 1. or in 
'fabie 62. 

If tlie b^q, of T. wlien subtractive exceeds the A.T., add 24*^ to 
the A.T. and date tl)e time on the day before. 

Ex. 1 . Miirvli 2cl, 187^, at i 56'" 43" ; Ex 2 . Nov. 10, 1S7S. 0'' 13"' 40*. p.ro.. 


, A.T . lons,^ 148'^ W 

. : find M.T. 


A.'l\ lonj^. 36^^ E. : req'iired M.'P. 


The Given, Date is 

2'‘ 9’‘ 49' 



Green. Date, y' 

2 j*' 5c"’ 


Eq. T. 2d, 

la'll 

ao*'* 2 


Eq. T. 9th, 

-16'’ 

1 2''* 5 

^<1. 

T2 

7*6 


jcth. 


‘9 

Daily Var. 


12 -6 


Daily Var. 



9*' 49'", var. 12'“6 


-5 •> 


■ 2i‘' 50"*, var. y6 


- 5 'c 

2d, 

12 

7 r, *2 

1 

' 9th, 

16 

2 • <; 

Red. E(i. T. 

- 12 

13*1 



“5" 

57 'S 

App. T. 

1^6 

43 


i App. T. 

0 n 

4c 'O 

Mkan Timk. Ill 

0 8 

5 Ji-i 


1 Mea^n Ti.mic. i>t 

'■^3 57 

42 5 


[ 2 .] To convert Mean Time into Apparent Time. 

606. Find tbc Green. Date ; reduce to it the Eip of T. from pam? 
IL of tlu^ Nautical Almanac, or from Table 62, and apply it to tliy 
•fr.en ^l.T. as directed in the said page Tl., or the contrary way to 
that directed in Table 62. 

If the Eq. of T. when subtractive exceeds the IVl.T., add 24’’ to 
tile M.T. and date the time on the day before. 

Ex. 1. Ainr. 3, St, long. 18*^ W., ; Ex. 2 . Feb. i7tli, 1S78, lonj?. 120° E., 

io*' 58"' 5i« M.T. ; lind A.T. o»' 5'" 18- M.T. : find A.T. 

Crecn. Date, M.T., 31'* 22*' ii'*'. Green. Date, M.T., 16*^ 16'* 3'". 

Red. Rq.T. +o«> 5-1 Red. Eq. T. -I4'»'i8^ 

M.T. 31st, 20 5S 51-0 M.T. o ; 18 

App. Time, 31st 20 58 ^61 I App. Time, 1 6th 23 51 o 

[ 3 .] To convert Sidereal Time into Mean Titne. 

That is, having given the lliglit Ascension of the Meridian, to 
^nd Mean Time. 

607. In W. long, add th(^ Acceleration for the long, to the Sid. T. 
tt mean noon ; in E. long, subtract it. 

brom the given Sid. Time (increased if necessary by 24’’) sub- 
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tract this reduced Sid. T. at the precediiif^j noon ; the remainder k 
the approximate IVL T. ; subtract from this time the Rctardati )n 
eorresponding (Table 24). 


Ex. 1. Jan. ist, 1878, lent'. 9** 50"' 40* E., 
Sid. T. M. Noon, iS*' 44”' 0**7 
Acccl. 9*' i»‘28*“7j 

50'“ 8 *2 5 — I 37 *0 

40* ' 1 ) 

Sid. T. M. Noon, 18 42 23*7 


at 21'' 9“‘ 23* Sid. T. ; find M.T. 

Given Sid. T. 21’^ 9"’ 23*0 

Red. Sid. T. M. Noon, 18 42 23 7 
Approx. M.T. 2 26 59 *3 

Ret. 2*' u)*"7\ 

afini 4.3 I —24-2 

59* o -2) 

Mkan Time, 2 26 35 ‘i 


Ex. 2. March 22d, 1878, long. 7*' 22"' 35* W., at 11’’ 5'’'27"'2 Sid. T. : find M.T. 

The Red. Sid. T. is o** o'"37**9 ; whence the approx. ^I.T. is 1 1*‘4"’49'“3, and the Ret. to 
this 1"* 48“*9 sub. leaves Mean Time ii** 3'“ o**4. 


[ 4 .] I'o convert Mean Time into Sidereal Time. 

That is, liaving given the Mean Time, to find the R.A. of the 
Meridian. 

608. In W. long, add the Acceleration for the long, to the Sid. 
T. at tlie preceding mean noon; in E. long, suhtract it. 

To this reduced Sid. T. at mean noon add the given M. T. and 
the Acceleration for the said M.T. ; the result (rejecting 24'" if it 
exceed 24’’) is the Sid. T. required. 


Ex. 1. June 29th, 18-8, long. lo** 39™ 6* 
tv., at ,3^ 37"' 46**6 M.'F : find Sid. T. 

Sid. T. at M. Noon, 29th, 29'*'44‘’’3 

Accel, for long. 10*' 39"' 6“ -t i 43 *0 
Red. S.T. M. Noon, 6 31 29*1 

M.T. 3 37 46 *6 

Accel. 3** 29**6 j 

3 -"' 6 - 1 . + 35 '8 


47* 

SiD. Time, 10 9 51 7 


Ex. 2. Nov. 26th, 1878, long, 8*’ 52»« 15* 
E., at 14'* 55'" 7‘''8 M.T. ; find S.T, 


Sid. T. M. Noon, 2^Mh, 
Accel for 8'' 52'" 1 s" 
Red, S.T. nt M. Noon, 
M.T. 

Accel. i4*‘ 2 '“i8‘**o\ 

55'" 

7’*’8 *0) 


j6*‘ 21"' 7* ■ ' 
-I ^7 -4 
16 19 40 2 

14 55 7'» 

+ 2 27 'O 


3 » ^7 ■ 5 ^ 

Sid. Time, 7 17 15 o 


IV. Hour- Angles. 

1, To find the Hour-angle, Mean Time being given. 

[1.] Hour-angle of the Sun. 

609. Find the Green. Date; Reduce to it the Eq. of T., and 
apply it to the M.T. as directed page JI. of the Nautical Almanac, 
or the contrary way to tliat directed in Table 62; the result is Al» 
If A.T. is less’ than 12*^, it is the Sun’s Ilonr-aiigle, reckoning 
from the meridian westwards ; if A.T. exceed 12'’, subtract it from 
24*’ : the remainder is the Hour-angle, reckoning from the meridian 
eastwards. 
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E*. 1 

. M iy 19th, 

1878, long. 57^ 

^ 4' W., 

Ex. 2. 

July 2d, il 

Et 3 ’* 7 " 

■ 46* M.T. : 

6nd 

the Sun’s 

, Ilour- 

at 2o‘‘ 26" 

'* 53" Al.'r. : 

angle. 





angle. 


The Green. Date is 

19'’ 6'“ 56*" 

2". 

1 The Green. Date 

Eq. 

T. 19th, Page 11 . 

S'" 

45-3 

Eq. T. 

2d, Page II. 

20lh, 


+ 3 

42 -5 


3 fb 





2 -8 

Daily Var. 

56' 

", var. 2* '8 



-•8 

16'* 19" 

‘, var. 1 1*-2 



_ 3 _ 




Red. 

E(i. T. 


+ 3 

44-5 

Snh. from AI.T. 

AI.T. 


3 7 

46 'O 

M.T. 



IluUll-ANOLE, 


3 n 30*5 


HoU II- ANGLE, 


3"‘43’-9 

3 55 '^ 

II -a 

+ 77 

3 43 9 
3 5 * '6 
20 26 53 o 
20 30 44 6 W 
* 3 2 ^ is^E. 


()10. AV lion tlio Sun’s TToiir-ani»le is rorjuired from inidniglit, if 
A/r. is loss than 12^*, subtract it from 12'*; the remainder is the 
llonr-anglo, recdconod westwards. If A.T. exceed 12'', subtract 12** 
from it; the remainder is tlic Hour-angle, reckoned eastwards. 


[2.] Hour ‘angle of a Star. 

611. (1.) Find the Green. Date, to which reduce the Sid. T. at 
nicjui noon, 

(2.) To the M.T. add this reduced Sid. T., and from the sum 
(increased if necessary by 24‘‘) subtract the star’s R.A. ; the result is 
the Jlonr-angle W. 

If the Hour-angle exceed 12'', subtract it from 24''; the remainder 
is the Hour-angle E. 


K\. 1. .Inly 2ist, 1878, loMi;. 32*^ 10' W., 
fit 9'' 45»" 21® M. r. : requirud the llour- 
ai.gle ef Arcturu.s. 


Sid 


(iret'n. Date, 21'' 11'' 
d’. Aleaii Noon, 2i'>t, 
Accel, ii'', 

54'"» 

lied. Sid. r. 

JM.'l. 

» R.A. 

Hous-anole, 


54’" iV 
7” 56"‘2Ji'-5 

I 4 S 4 

_ _ ^ ’9 

7 55? ^5-5? 
9 4 S 21 -o 
17 43 46 8 
14 10 8 -4 

T33~35?-4 


Kx. e. Sept. 1st, 1878, 169''' 57' E., 

at 8'* 57'“ 39» Al.'r. : find the Hour-angle 
of Altair. 


Green. Date, Aug. 31'^ 2l'‘ 37™ 51® 
Sid. T. at AI. Noon, 315.1, 10^ 38"* 7®*3 


Accel. 21^', 
37 “, 
51% 

Red. Sid. T. 
M.T. 

^ R.A. 

IIOIJK- ANGLE, 


3 27 -o 
6 *1 


10 41 40-5 
8 57 39 0 
19 39 19 -5 
~i9_44 sry 
23 54 26 o W. 
o 5 34 o E. 


El. a. Oct. 1st, 1878, long. 92° 4S' E., at 5’* 58'“ 19'' M.'l'. ; required the Hour-angle 
ofMarkah. Houu-anoi.e, 4*' 20"’ 7*'8 E. 

I'X. 4 . Dec. 25th, 1878, long. 86° 45^ W., at 5’* 7'" 35® AI T.: lind Higels Honr- 

HoU K-.\NGLE, 5 '* 43"* 55MO. 

1 -x. 5 . AlarcU 22d, 1878, long. 110° 39' W., at ii*‘ 3"' 37® AI. T. : Hnd the Ilour-anglo 
or Autares. Houk-angi.e, 5'" 15"' 53’9" E. 


[3,] Hour-angle of a Planet or the Muon. 

^12, (1.) Find the Green. Date, and reduce thereto the Sid. '1'. 
fl't mean noon, and tlie 11. A. of the body. 

(2.) Add this reduced Sid. T ,to the M.T,, and proceed as for a 
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Ex. 1. Oct. 15th, 1878, long. 41 o 44' W.. 
at 6‘’ 56™ 54" p.M. M.T. : find the Moon’s 
1 lour- .ingle. 


Green. Date, 

Oct. 1 5« 9'- 43'» 

50*. 

1. 'r. Mean Noon, 15th, 13*' 

35- 32- *2 

Aecel. 9*' 


I 28 *7 

43"* 


7 ‘I 

SO' 


*i 

Red. Sid. T. 

<3 

37~^8 A 

R.A. 9'‘ 

4‘> 40**' 20** 5 

10** 

4 4^ 37-5 

9*5229 


2 17 

1*8967 


43 50 

0*6135 

R.A. Qh 

I 39 9 

20331 

4 40 20 *5 

Red. R.A. 

4 4- 0 *4 


Red. Sid. T. 

131. ^7,.. 

8- I 

iM.T. 

6 56 

54. 


20 34 

2 *1 

‘ V R..\. 

--4 42 

0 *4 


52 ‘ 

i*7U. 


IIouR-ANGiF, 8 7 58 * 310 . 


POx. 2. Feh. iith, 1878, long 87” 6' W.^ 
at 4‘‘ 46*" 48* A.M. M.T. : find the Hoiir^ 
angle of Mars, 

Green. Date, Feh. lo'^ 22'* 35*" 12* 

Sid. T. Mean Noon, loth 21' 

Accel. 22'* 

SS" 

Red. Sid. T. '21 

Mars’ R.A. 10th 2*' i5"‘57"'o 
I ith, 2 18 22 *2 

Daily Var. 2 25 *2 


2i'« 43»*o 

3 36*8 

5*8 

25 25*6 


22’' 35"» v:ir. 2“ 25" 

give.s 


2 17 *1 


R.A. loth 


2 

..*5_57 ‘o 

Red. 

R.A 


2 

18 14*1 

Red. 

Sid. T. 

2l‘* 

25“ 

‘ 2 5"*6 


:m.t. 

4 

J-A. 

48 *0 



26 

12 

13 *6 

IVIars’ 

' R.A. 

— 2 

18 

14*1 



23 

53 

59 -5 ^V. 

1 1 OUR- ANGLE. 

0 

6 

0 *5 E. 


2. To find the Hour-angle^ the Altitude being given. 

013. 7iy Inspection. See Kx])lan. of* Table 0. 

014. Jig ('owputation. Add too*etli(‘r the alt., lat., and pol. dist., 
take half the sum, and from it subtract the alt. 

Add together tlu* log. sec. of the hit., the log*, coscc. of the ])oI. 
(list., the log. cos. of the lialf sum, and the log. sine of the remainder; 
the Slim (rejecting tens) is the log. sine square of tlie Hour-angle. 

^%te. — \Vht;n the ITour-anglc is loss tliaii 2*‘, four places of the logarithms give it to the 
nearest second of time. 

Ex. 1. Alt. 37” 51', lat. 51° 10' N., pol. 
di>t. 70" 33', or decl. I9"’27'N. : find the 
1 lour angle. 

Alt. 37'’ 51' 

Lat. 51 10 . . see. 0*20269 

Pol. (li^t. 70 33 ... eosce. 0*02552 

Sum 159 34 

Half 79 47 ... cos. 9*24888 

Rem. 41 56 ... sin. 9*82495 

II OUR- AN ii,E 3** 32'" 47* sin. sq. 9*30204 


Ex. 3. Lat. 30 ’ ii' 24.''N. Uecl. 14’ 2' 46" N. Alt. 61° 9' 17'", Hour-angle i*'43"'5** 

. When both tin* lat. and decl. are 0, the zenith distance in time is 
the measure of the Hour-angle. 

At sea it is ne^ir enoiigli to take the alt., lat., and pol. dist., ^ 
the iK'are.st minute ; but if the sum is odd and greater than 170 , 
tak(‘ -lie cos. and sin. to 30", because the neglect of this may make » 
sensible error in the lloiir-angle. 


Phx. 2. Alt. 2i'^ 19' 5", lat. 51° 9' 26" N., 
decl. 1 1° 14' 44^' S. ; find the Hour-angle. 

Alt. 21° 19' 5" Pts. for" 

Lut. 51 9 26 ... .see. 0*202536, + 68 

P.dist. 10 1 14 44 . . cosec. 0*008414, + 6 

17 3 43 M 

86 51 37 ... cos. 8*738820, —277 
32 32 ...sin. 9*959167, + 2 

8*908937 
— 201 

sin. sq. 8*908736 

z'* I2“‘ 19* 707 

29 

Hour-angle 2 12 19*3 



SUBORDINATE COMPUTATIONS. 


203 


[ 1 .] Errors of the Hour-Angle. 

615. The following rules give, very nearly, the effect of 1' error 
in the alt., lat., and pol. dist., and therefore for any small number 
of min. or sec. in the like proportion : — 

(1.) Error of hour-angle, or time, due to 1' error of alt.* Add 
together the parts for 30" of the cos. and sine : the sum, divided by 
the parts for (Tab. 69), gives the error recpiired. 

When the alt. is too small, the hour-angle is too great; when 
the alt. is too great, the liom-angle is too small. 

(2.) Error of hour-angle, or lime, due to 1' error of lat.f Mul- 
tiply the parts for 30" of the sec. by 2, and add the parts for the 
sine; under the sum ]uit tlie parts for 30" of the cos., and take the 
(litf. ; divide tliis ditf. by the parts for 1\ 

When the lat. and true bearing are of the same names, the errors 
of the hour-angle and lat. are of the same kind ; when of contrary 
names, of contrary kinds. 

Ex. In N. Lat., if the sun is to the N. of E. or W., .and the Lat. employed is too great, 
the (Tmputod hour-angle will be too great; if the sun is to the S., in the same case too 

SIHflll. 

(3.) Error of time, or hour-angle, due to 1' error of pol. dist. 
Multiply the parts {'or 30" of the cosec. by 2, and add the parts for 
30" of tli(i cos. ; under the sum [)ut the parts for 30" of the sine; 
take the did'., and divide it by the parts for l^ 

When the parts for 30" of the sine arc less than the sum over 
llieni, the error of the liour-angle is of the contrary kind to that of 
the ])ol. dist. ; when greater, of the same kind. 

lilx. (1 above). 


The error of the hour-angle may, possibly, be made up of the 
sum of these three errors, but in most cases they will partially 
compensate. 

find, approximately, the small interval of time corresponding to a small ehnrige of 
ol the Azimuth: — Add together the log. .miic of the change of alt., the log. 
' a/ini., and the log. sec. of the lat. : the sum (rejecting tens) is the log. sine of 
ttie interval required. jo/ o 

of same, by incan.s of tlie Hour-angle: — Add together the log. sine of the change 
linn. *’ 1 dcclin., the log. cos. of the alt., and the log. coscc. of the 

noui -angle : the sum is the log. .sine, as above. 

j, ])rocevSses may, on some occasions, he convenient, 

the 1 error by means of the Azimuth; — Add together the log. cot. of the azim.. 

error of lat. : the sum is tlie log. sine of the 

ror required. 


Error T of I.at. 
Sec. 78 

X 2 

Ti6 

Sin. 7 1 

(Sum) 227 
Cos. 3 54 
(Diff.) 127 
Eurou or Time 



Error 1' of Pol. Dist. 
Cosec. 22 


X 2 



(Sum) 398 
Sin. 7 1 
(Diff.) 327 
Error ok Time 
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3. To find the Hour-angle, the Azimuth being given, 

61G. Add togetlier tho loi^. sine of the azimuth, the log. cos. of 
the lat., and the log. sec. of the dccl. ; the sum (rejecting tens) is the 
log. sine of the angle A.* 

Under A put the azimuth, reckoned from the elevated pole, and 
take half the sum. 

Take half the sum of the pol. dist. and colat., and half the ditf. 

Add together the log. tan. of the Iialf sum of A and the azim., 
the log. cos. of the half sum of the p. dist. and colat., and the log. 
sec. of the half ditf. ; the sum (rejecting tens) is the log. cot. of an 
arc. 

When each half sum is less, or greater, than 90®, twice this arc 
is the riour-aiiglc recpiired ; but if one only of the half sums exceed 
90®, twice the suppl. of the arc is the Hour-angle. 

Ex. Lat. 5 30' N., decl. 20° 2' N., azim. N. 1 10° 21' W. • find the Hour-angle. 

P. Dist. 69° 5S" 

Colat. 3S 30 74° 23' tan. 0-553^9 

Sum 108 28 half 54 14 cos. 9*76677 

Diff. 31 28 do. 15 44 sec. o’oi6i;8 

jii 38”' 52* cot. ©•33694 

2 

Hour- ANGLE, 3 17 44 

HL. To find the Hour-angle, the Altitude and Azimuth being given. 

617. Add together the log. sine of the azim., the log. cos. of the 
alt., and the log. sec. of the deck; the sum (rejecting tens) is the 
log. sine of the Hour-angle. 

Ex. Alt. 40° 2!;', azim. 69° 39', decl. 20^ 2'; required the Hour-angle. 

Az. 69° 39' sin. 9*97201 

Alt. 40 25 cos. 9*88158 

Decl. 20 2 sec. 0*02711 

Hour- ANGLE, 3*' 17"' 48* sin. 9 88070 

5. To find the Hour-angle on the Prime Vertical, 

618. Bg Inspection . See Table 29. 

619. Bg Computation, Add together the log. cot. of the hit. 
and the log. tan. of the deck; the sum (rejecting tens) is the log. 
cos. of the Hour-angle. 

Ex. Lat. 31'^ 28', Dccl. 14'’ ii'of the same name: find the Hour-angle of a celestial 
body on the prime vertical. 

Lat. 31^28' cot. 0*21325 
Decl. 14 II tan. 9 40266 
HoUR-ANGLFm 4'* 22'*' 26’ cos. 9*61591 

(>. To find the Hour-angle at Rising or Setting. 

620. Bg Inspection. When the decl. is le^^s tlian 24®, take out of 

• This angle A is the angle at the body contained between its pol. dist. and zen. dist., ot 
Ihe angle P A Z, fig. p. 144 . 


Az. iio°2i' sin. 9*97201 

Lat. 51 30 cos. 9*79415 

Decl. 20 2 see. 0*02711 

A 38 25 sin. 9*79327 

Az. 110 21 

Sum 148 46, half 74° 23' 
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Table 26 the time of settiwf ; this is the Hour-angle required. It is 
called also the Sernidiurnal arc. 

When the decl. exceeds 24®, see No. 621, or I^^xplan. of Table 5. 

621. I^y Computation. Add together the log. tangents of the 
hit. and decl. ; the sum (rejecting tens) is the log. cos. of the Hour- 
angle at rising or setting, or its supplement. 

When the lat. and declin. are of the same na'^io, take the svpple- 
ment ; when of contrary names the Hour-angle is that taken out. 


Ex. 1 . Lat. 48° 4a' N. dccl. 20° 1 1' N. : 
find the Hour-angle at rising or setting. 

Lat. 48'^ 42' tan. 0*0562 
Ded. 20 II tan. 9* 56:^4 
4^ 21™ 4" cos. 9*6216 
Hour-angle, 7 38 56 


Ex. 2. Lat. 3 1° 10' N. decl. 1 1° 14' S. ; 
find the Hour-angle at rising or setting. 

Lat. 31^10' tan. 9*7816 
Decl. II 14 tan. 9'298o 
Hour-angle, 5*' 32™ 24* cos. 9*0796 


7. To find the ITour-anyle near the Meridian^ by the observed 
Change of Altitude. 

622. The alts, must be on the same siclo of the meridian. 

Correct the dill, of alts, and the interval by adding the correction 
in the following table : — 


1 Time. 

Arc. 

12<« 

o« 

43«‘ 

IS’ 

V 

0' 

0' 

0" 

6° 15' 

0' 44"! 

10" 

45' 

z ' 51" 

13 

I 

44 

16 


30 

0 

1 


30 

0 

5^ 

11 

0 

4 7 

20 

I 

45 

18 

2 

0 

0 

2 


45 

0 

56 


15 

4 25 

23 

2 

46 

19 


30 

0 

3 

7 

0 

1 

3 


30 

4 43 

25 

3 

47 

20 


45 

0 

4 


ir> 

I 

10 


•15 

5 

2G 

3 

48 

21 

3 

0 

0 

5 


30 

I 

17 

12 

0 

5 

28 

4 

49 

23 


15 

0 

6 


45 


25 


15 

5 42 

30 

5 

50 

24 


30 

0 

8 

8 

0 


34 


30 

6 4 

32 

6 

51 

26 


45 

0 

10 


15 


44 


45 

6 27 

33 

7 

52 

27 

4 

0 

0 

12 


30 

1 

53 

13 

0 

6 51 

34 

7 

53 

29 


15 

0 

14 


45 

2 

3 


15 

7 IS 

35 

8 

54 

31 


30 

0 

*7 

9 

0 

2 

14 


30 

7 41 

36 

9 

55 

32 


45 

0 

20 


15 

2 

26 


45 

8 8 

37 

10 

56 

34 

5 

0 

0 

23 


30 

2 

39 

14 

0 

8 36 

38 

1 1 

57 

36 


15 

0 

27 


15 

2 

52 


15 

9 4 

. 40 

12 

58 

38 


30 

0 

3 - 

10 

0 

3 

16 


30 

9 34 

j 41 ' 

13 

59 

40 


45 

0 

35 


15 

3 

20 


15 

10 5 

1 1 


00 

42 

6 

0 

0 

39 


30 

3 

34 

15 

0 

10 37 


Add together the log. sin. of the diff. alts, (thus corrected), the 
log. cosec. of the interval (corrected), the log. sec. of the declin., 
log. cos. of the mean of tlie two alts., and the log. sec. of the lat.: 
the sum (rejecting tens) is the log. sine of the hour-angle at the 
hiifldle of tile interval, nearly. 

To find the hour-angle for the alt. nearest tlie meridian, subtract 
liijlf the interval from this honr-angle. To fiml tlie hour-angle for 
llie 'Ai, furthest from the meridian, add half the interval to the hour- 
^ligle found. 

Note . — If tlie alts, are not measured, the merid. alt., deduced from the lat. by acc.. 
No. 4.62, may be employed, recollecting that this alt. is always somewhat too greai^ 
“^cept when below the pole, when it is too small. 
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Ex. 1 Lat. 51° 30' N., (led. 22*^ 20' N., 
obtained ti. alts. 60° 27' 52" and 60° 35", 

or cliff, alts. 6' 43" at an interval of 4"' : find 
the Hour-angle at the time of the alt. nearest 
the meridian. 


D. Alt. 6' 

43" 

(no corr.) 

sin. 

7*2909 

Int. 4'' 


(do.) 

cosec. 

1*7581 

Decl. 

22° 

20' 

sec. 

0*0339 

Mean A It. 

60 

31 

cos. 

9*6921 

Lat. 

51 

30 

sec. 

0*2058 

Mid. Int. 

0*' 2 

58- 

sill. 

8*9808 

Int. 

— 

2 




Hour- ANGLE 19 58 


Ex. 2. Lat. 40° N., decL 10® N., ob- 
tained tr. alts. 69° 58' and 67° ordiff. alt. 
2*^ 58', with interv. of 47"* 39* : find the 
Hour-angle at the time of the alt. furthest 
from tlie meridian. 


D. Alt. 

2° 58' 0" 

Int. 

47 '" 39 * 

Corr. 

+ 5 

Corr. 



^ 58 5 


48 0 

D. Alt. 

2° 58' s'*' 

sin. 

8*7142 

Int. 

48'" o» 

(X)sec. 

. 0*6821 

Dccl. 

20^ 0' 

sec. 

0*0270 

Mean Alt. 68 29 

cos. 

9*5644 

Lat. 

40 0 

sec. 

0*1157 

Mid. T. 

29™ 10* 

sin. 

9*1034 

^ Int. 

+ ^3 49 




; Hour-angle 52 59 (only a* too small.) 


Tlie degree of dependence is chiefly to be estimated from the 
effect produced by a small change in the diff. alts. 


V. Times of certain Phenomena. 

1. Time of Passing the Meridian, 

fL] Meridian Passage of the Sun, 

623. The Apparent Time of the smi’s meridian passage is 0”* 0* 
except below tiie pole, when it is 12’’ O’” 0* 

624. To find the Mean Time of the meridian passage: — 

Take the Efj. of T. from page I. of tlic Nautical Almanac, or 
from Table 62; reduce it for tlw^ long, as the (rreen. ])ate. Then, 
if the reduced Eep of T. is additive to A.T., it is the time p.m. oflhc 
sun’s meridian pussago. If the Eq. of T. be subtractive from A.T., 
subtract it from 12’’: the remainder is the M.T. of passage. 

Ex. 1 . March 31st, 1878, long. i4o°W.: j Ex. 2. Dec. ist, 1878, long. 93° E.: 
ilnd Mean Time of Sun’s meridian passage, j find Mean Time of Sun’s meridian passage. 


Eq. T. 31st, +4"’ 

i4-*o 

j Green. Date, Nov. 30*^ 17** 48' 

11 

32d, + 3 

SS *9 

1 Eq. T. 3cth, — 1 1" 

> 8*-.3 
46 0 

Daily Var. 

181 

31st, — 10 

Long. 9** 20“', var. i8'*i 

- 7 ’o 

j Daily Var. 

22 ’3 

4 

14 *0 

i 17** 48"', var. 22»'3 — 

16 '4 

Red. Eq.T. add to A.T. 4 

7*0 

1 

8 '3 

M.T. OF M. Pass. 17.^ 4™ 7*. 

j Red. Eq. T. - 10 

1 M.T. OF Pass. 1 1'* 49'“ 8*’i. 

51 '9 


* [ 2-1 Meridian Passage of a Star, 

625. To find the Apparent Time of a star’s meridian passage:-^ 
At Sea , — See Table 27, and ExpLination. 
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Or, from the R.A. of tlic star (adding 24'* if necessary) subtract 
the R.A. of the sun at noon. Nautical Almanac, page L, or Table dl - 
the remainder is the A.T. required. 


Ex. 1 . Oct. 17, 1878: find A.T. of the Mer. Pass, of Sirius. 


By Table 27 . 
Oct. 1st, 

For 17 days 
Mer. Pass 
Or 18th, 


i8*‘ 10™ 
59 

17 II P.M. 
5 II A.M. 


By Sun’.s R.A. 

R. A. Sirius 
Oct. 17th, 0 ’s R.A. 
Mer. Pass. 

Or 1 8th, 


6‘' 40 »n 

17 II P.M. 
5 II A.M. 


Ex. 2 . Find the A.T. of the Mer. Pass, of 
Feb. nth, 1878. 


a Urs, Maj., above and below the Pole, on 
Ans. i'' A.M. ; 14™ P.M. 


Ex. 3 . Find A.T. of Mer. Pass, of Capella. on July 20th, 1878. 

Ans. 9*' 9"' a.m. ; 9“ 7 "‘ p.m. 


626. To find the Mean Time of a star’s meridian passage: — 
Acanratelu . — From the R.A. of the star (increased, if necessary, 
by 24'") subtract the Sid. T. at mean noon on the day; the remainder 
is tlie approx, M.T, of transit. 

Subtract from this the Retardation, Table 24. 

In W. Long. Suhtixict from this result tlie Acceleration for tlie 
Long. In E. Long. oaM the Acceleration. 

The result is the M.T, of meridian passage. 


Kx. 1. .Ian. ist, 1878, 
find xM.T. of Mer. Pass. 

, long, 75' W. : 

of Aldebaraii. 

Kx. 2. May 22d, 1878, long. 131^ 
iiiid M.T. of Mer. Pass, of Spica. 

11' E.; 

R.A. Ahk'baran 

Sid. T. JVIean Noon 

4’' l 

-18 44 0*7 1 

8j)ita 13'‘ 1 8“ 48*'8 

Sid. T. .Mean Noon 3 59 55 -q 

Ret. 9’' 

9 44 4 

9 18 

Hei. 9'' 1 8'“ 54* — 1 

53 -s 

_ 3.-6 

44 "™ 

56* -I J 

1° 25' W., or 40" 

M.T. Mek. Pass 

-1 35 8 

9 *7 

Kong. 8'‘ 44'" 44- + I 

22 -2 
26 2 

- .9 

9 43 *97 

31 . 'r. OK P\SS. 9 18 



E\. 3. Aug. Stli, 1878, long. 90° 15' E. ; find M.T. of Mer. Pass, of Altair. 

Ans, 10'* 36"' 4 .r''*o. 

F\. 4, Feb. 1st, 187!’, long. 172° 34' W. : find M.T. of Mer. Pass, of Regulus. 

Ans. 13^ 11™ 37 "’i- 

K\. 5 . Oot. 1st, 1878, long. 90® 48' E. ; find M.T. Mer. Pass, of Markab. 

Ans. 10** 17™ 4X**9. 


[ 3 .] Meridian Passage u/ the Moon. 

627, This is required only approximately. 

In W. Long, take from the Naut. Almanac the diff. between the 
Mer. Pass, of the proposed day and the next (given in mean time to 
^'"‘1). Ill E. Long, take the difF. between that for the proposed day 
‘Rid the day before. The difK is the daily variation. 

Take from Table 28 tho correction corresponding to the daily 
Variation and longitude. In W. Long, add this corr. to the t*me .>f 
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mer. puss, on tlie given day ; in K. Jjong. subtract it ; the result is 
the time recpiired. 

When one irier. pass, has 2^3'*, and the next O**, 24'’ must be added 
to the latter in finding the Daily Variation. 


Ex. I. Find Mir. Pass, of C 

•Ian. 1 6th, 

Ex. 2. July 24tli, 1878, long. 130° 

1878 , long. 46 ° ^y. 

1 

find the Mer. Pass, of the Moon. 

Mer. Pass. i6tli, 10' 

• 9 « I 

Mer. Pass. 23 ** 19 '' i "*'8 

17th, 11 

II *6 

22 18 14 I 

Daily Var. i 


Daily Var. 47 7 

46 ° W. var. 62’"'5 

+ 7 '6 

1 30® E. var. 47"* 7 — i6 *8 

10 

9 

23 19 I -8 

Mer. Pass. 10 

16 *7 

Mer. Pass. 23 18 45 0 

Jan. i6th, at lo** i6”7 p.m. 


j July 24th, at 6'* 45 ™ A.M. 


028. As the Iminr day, or the interval between tlie moon’s iner. 
pass, and her return to the same meridian again, ox(;eeds 5:4 lionrs 
or a mean solar day, an entire day passes at certain intervals without 
a lunar transit. lYu* ex. : — 

Tlie moon passes the meridian on the 3d, at 23'’ 50'", or 10'" 
before the noon concluding tlu' 3d. d'lie lunar day being, at least, 
40"’ long(‘r than tlie mean solar day, tlie moon will not have reached 
the merid. by about 30"’ at next noon, or that concliuliiig tlie 4th; 
she accordingly passes the mend, about O'’ 30"' on the 5th, having 
skij^ped the 4th altogether 

Thei'c may thus be no mcr, pass, on the day proposed.* 


Kx. 1. Marcli 3rd, 1878, long. 21*^ W.: 
find the ^loon’s Mer. Pass. 


Mer. Pass. 


JJaily Var. 

Long. 21° W. var. 39"’ 4 

Mer. Pass. 
March 3rtl at ii''46'"- 


2'’ 2 3'' 44™’ I 

3 ^ + 

4 Q 2^5 
_ 39;4 

+ 2 'O 
2 23 44 -I 
2 23 46 *1 

I A.M. 


Kx. 2. October 26t.h, 1878, long. 38'^ Iv: 
find the Moon’s Mer. Pass. 

Mer. Pass. 26'* 0'' 7'"7 

25 * * 

24 23 TO ’2 

Daily Var. 57 5 

L«mg. 38^ E., var. 57'"-5 5 7 

26 o 77 

Mkr. Pass. 26 o 2 'o 

October 26tb, at o’* 2’" p m. 


In W. Long., when the sum of tlic eorr. and m(u\ j^ass. exceeds 
24*’, subtract 24'’, and reckon tlio time on the next day. In K. long., 
when the corr. exceeds the time of mer. pass., add 24'' to the hdti^r, 
and leckon the time on tho day before. 


Ex. 1. Suppose Ex. 1 above, the ^g. 
to be 170° W'. 

Long. 170° W. var. 39'"‘4 + i8"”o 

•^3 44 *1 
Mer. Pass. 3 o 2 'i 
March 3rd, at o’* a®*! p.m. 


Kx. J. Su])pose Ex. 2 above, the Im g 
to lie 90° E. 

Long 90° E., \ar. 57’"'5 — 13”’7 

26** 7 '/ 

Mer. Pass. 25 23 ‘54 

October 26th, at 54'" a 


* This occurs aboixt the time of conjunction with the sun, and the day skipi)ed is marked 

(5 in the Nautical .Almanac. In like manner a day is skipped at the Irmer transit uncei 
the pole) at opposition. 
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[ 4 .] Meridian Passage of a Planet. 

629. Tlie meridian passages of tlie ])]anets, like tliose of the moon, 
arc given in the Nautical Almanac to 0'"'1 of mean time. 

A planet, of which the R.A. increases faster than tliat of the sun, 
skips a da}^ at conjunction, as observed in No. 628 of the moon. On 
the other hand, when the R.A. diminislies, or the motion of the planet 
among the stars is reversed, two transits occur within the limits of the 
mean solar day. 

As the greatest daily variation of meridian passage of Venus 
amounts to 6® only, the mer. j)assagos of tlic ])lanets may be taken 
at once from the Nautical Almanac for all practical purposes. 

2. Time of Passage of the Prime VerticaL 

[ 1 .] Of the Sun. 

630. Approximately, Find the Hour-angle by Table 29 : this is 
the App. Time, approximately, of the afternoon passage ; the sup[)le- 
meiit to 12‘’ is the Approx. Appar. Time of the forenoon passage. 

Ex. 1 . Jan. 20th, 1878, lat. 39° S. ; Ex. 2 . June 20th, 1878, lat. 55“ N. : 

find the times of the Sun's Passage of the find the a.m. and i».m. transits of the Prime 

Prime Verti("il. Vertical. ♦ 

Jan. 20th, Sun’s 01*01.20*^ 5' S., Table Lat. 55° decl. 23° 27' N., or 23 F, Hour- 
29 , lat. 39^^ and deol. 20^^, give Hour-angle angle 4** 52"', which is p.m. transit : the 

4'' 13"'. The A.T. of the W. transit is 4*‘ 13'“ other passage is at 7** 8® a.m. 

P.M., that of the E. is 12*' —4^ 13'“, or 
7*' 47® a.m. 

631. Accurately. Having found the Approx. App, Time as above 
(No. 630), apply to it the long, in time ; tliis gives the Green. Date 
ill App. Time. 

3'o this reduce tlie sun’s declination, and compute the hour-angle 
W No. 619. 

l'>x. 1. Aug. 29th, 1878, required the App. Time of Passage p.m. at Tenby, in lat, 
51^0 20" N., long. 4° 41' \V. 

Parts for' 

Lat. 5iJ'3dccl.9.^°\ ^ „ 51^40' ao'’ cot. 9-898010 — 86 

Table givc“s / ^ 9 14 22 tan. ^11018 +295 

4° 41' \V. -f 19 9*109028 

Green, Date, 29th, 5 49 + ^^9 

Heel. 29th, 90 19 33"-8 N. Cos. 9*109237 

30th, 8 58 6 *1 N. Pass. P. Vkrtical, 30™ 27* 

21 27 *7 0485 Kx. 2. May 13th, 1878, find the Tim* 

^ ^9 of Passage a.m. at South Shields, lat. 

5 12 6640 55® o' 50" N., long. 1° 25' W. 

9 ^ 9 33 Green. Date, May I2‘* 19’' o™ 

Reo. Decl. 9 14 ai *8 N. He<l. Declin. 22' 16" N. 

Ai'P. 'i'lMK Pass. 6'* 33"' 45" A.M. 

f2.] Of a Star . 

f Find the A.T. of meridian passage. When the tinieoftho 
O'ansit is required, subtract the Hour-angle (Table 29) from 

V 
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this A.T. (increased if necessary by 24*'); for the time of west transit, 
add the Hour-angle. 


Ex. 1. Find the Times of Eastern and Western Transits of Prime Vertical of Aldebaran 
at So. Shields, on Jan. ist, 1878. 


App. Time Mer. Pass. Tab. 27 9’* 41™ 
Decl. 16*^ lat. 55° ^ 14 

App. Time OF. E. Transit, 4 27 P.M. 


9® 41™ 

5 H 
^4 55 

W. Transit of 2 d, 2 55 a.m. 


Ex. 2. July 11th, 1878, lat. 51° 30' N. : find Times of E. and W. Transits of Prime 
Vertical of a Lyrai. Ans. App. T. of Pass. E. 7'' 50™ p-m. ; W. 2** 30'“ a.m. 

Ex. 3. Dec. 4ti.:, 1878, lat. 40° id .S. : find Times of E. and W. Transits of Prime 
Vertical of Antares. Ans. App. T. of Pass. E.8’*i"’a.m.; W. 3*' ly"’ p.m. 


Ex. 4. Aug. 17th, 1878. lat. 56° 3' N. : find Time of E. Transit of Prime Vertical of 
Altair. Ans. App. T. of Pass. E. 4** 22™ p.m. 


[ 3 .] Of the Moon. 

633. Approximately. Proceed as for a star, using M.T. for A.T., 
because the time of lier mer. pass, is given in M.T. 

634. More Accurately. Find the apj)roximatc time as for a star; 
6nd the Green. Date, and reduce to it the declination. Find the 
Hour-angle by No. 619. This IIoui -angle, witli the correct time of 
mer. jiassage, gives the time more nearly. Correct the declination 
and repeat the computation. For extreme precision, a correction 
would be ret^uired for tlie oblatcness of the earth. 


[4.] Of a Planet. 


635. Find the M.T. of the Meridian Passage of the planet, in the 
Nautical Almanac, and apply the Hour-angle as directed for a star; 
the result is in M.T. 


Ex. 1. Jan. 19th, 1878, lat. <54° 33'S. : 
find the time of W. IVansit of Prime Ver- 
tical of Venus. 


Ex. 2. Aug. 9th, 1878, lat. 49° ^6' S-s 
find the Time of E. Transit of Prime Ver- 
tical of Jupiter. 


M.T. Mer. Pass, 19th' 
page 234 N.A. 

Lat. 54° S., Decl. G° S. 
M.T. OF Pass. 


2,h jym 

+ 5 4^ 

8 21 P.M. 


M.T, Mer. Pass. 9th I 
page 2 <^4 N.A. ) 

Lat. 50° fc>., Decl. 21^^ —4 1 0 

M.T. OF Pass. o r.M. 


3 Times of Rising and Settmg. 

These are required approximately only. 

[l.] Of the Sun. 

636. See Table 26, and Explanation. 

[2.] Of a Star^ the Moon^ or a Planet. 

637. Find the A.T. (or M.T., according as required) of the 
meridian passage, No. 625, &c. Find the Hour-angle at rising or 
setting, No. 620. , 

To find the time of rising^ subtract this Hour-angle from the time 
of mer. passage (increased if necessary by 24‘’) ; to. find the Time oi 
setting^ add them together, rejecting 24** if the sum exceed 24**. 
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Ex. Jan. lat, 1878, lat. 50° N. : find A.T. of rising and setting of Aldcbaran. 


A.T. Mer. Pass., Table 27 9** 41™ 

N., Decl. 16° N. — 7 37 

A.T. OP Rising 2 4 p.m. 


A.T. Mer. Pass. 9’’ 41“ 

7 37 

A.T. OF Setting 17 18 
Or at 5** 1 8"* a.m. on 2d. 


638. T^o find the chanp^e in the time of apparent rising or setting 
clue to the horizontal refraction and the height of the spectator, 
No. 446 (1) and (2). 

By Computation. Add together the log. secants of the latitude 
and declination, the log. cosec. of the hour-angle at rising or setting, 
and the log. sine of 34'-f depr. for the height of the eye. Table 8; 
the sum is the log. sine of the portion of time required, nearly. 


Ex. 1 . Find the difference of times of 
Sunset to an eye at the level of the sea, and 
on the summit of the Peak of Teneriffe, on 
May 4th. 

Hour-angle at setting (No. 621 ), 6*' 35"‘ 52*. 
Lat. 28“ 16' sec. 0*0551 
Decl. 16 10 sec. 0*0175 
ll.-Ang. 6'' 36"' cosec. 0*0054 
34" + 117^ = 2° 31" sin. 8*6426 
Time REG. I2"‘ 3*3111. 8*7206 


Ex. 2 . Lat. 28° 16' N., declin. 16® 10' 
N. : required the difference in the times of 
Sunset to the eye at the level of the sea, and 
elevated 16 feet above it. 

Hour-angle at level of the sea, 6'* 35™ 52*. 
Lat. sec. 0*0551 

Decl. sec. 0*0175 

Hour-angle coscc. 0*0054 
34>4S sin. 8*0435 
Time rku. 3"' 2* sin. 8*1215 


This process is very nearly correct in low latitudes, but in high 
latitudes, where the body, instead of rapidly passing the horizon, 
partly skims along it, the result, when the dip is large, is too 
small. 

Tht:®, for the above depression, 117', in lat. 50® (nnd declination 
above), the time conies out 17‘"23% it should be and in 

lat. 6()®, the result, 24'" 17% should he 25'" 4®. 

639. More accurately, find the Hour-angle of the given celestial 
body when below the horizon 34' -f depression due to the observer’s 
lieight, by No. 612; this is effected by using 34'-i-depr., instead of 
18°. Tile Diff. between this Hour-angle and that found by No. 621 
is the portion of time required.* 

640. Since the moon’s parallax exceeds the refraction. Nos. 433 
and 436, she always a})pears below her true place, and therefore 
rises later, and sets earlier, tlian a more distant body of the same 
declination. Accordingly, in the preceding rule wo must use, in- 
Ktead of 34', the ditf*. between the hor. jiar. and 34', and the ditf’er- 
ence instead of the sum of the latter and tlie depression. If the 
depression is the greater, the rising is accelerated, otherwise re- 
tarded. For tlie luir. par. 61', these effects neutralise each other 
at the height of 650 feet ; for 53', at 320 feet ; that is, to the eye 
placed at tliese heights tlie moon in tliese cases rises and sets nearly 
at her true time. 


* In strictness, however, some correction (subtractive) is due to the refraction itaelf 

•iii-'n the body is seen at a considerable depression 
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4. Times of the l^eginning and Knd oj Tivilight 

641. By Inspection, See Explanation of Table 5. 

642. By Computation. Add together 18°, the lat., and the poL 
dist., take half the sum, and from it subtract 18°, or the upper term. 

Add together the log. sec. of tlic lat., the log. cosec. of the pol. 
dist., tlie log. sine of the half sum, and the log. cos. of the re- 
mainder; the sura (rejecting tens) is the log. sine square of the 
sun’s hour-angle when 18° below the horizon. 

This Hour-angle is the App. time of the end of twilight, r.M. , 
and the supplement to 12*' is the App. time of the beginnmg, A.ai. 

Note. — The declination at noon, and 4, or even 3, places in the logs, are enough for this 
purpose. 

Ex. 1. April 22d, 1878, lat. 51° 46' N. : I Kx. 2. Den. 21st, 1878, hit. 55° i' N. : 
find the Beginning and End of Twilight. find tlie Beginning and End of Twilight. 


Const. 

18° 0' 


Const. 

18° 

0" 


Lat. 

51 46 

sec. 0-2084 

Lat. 

55 

1 

sec. 0*2416 

P.D. 

77 45 

cosec. 0*0100 

P.D. 

113 

27 

cosec. 0*0374 


147 31 



186 

28 



73 45 

sine 9’9823 


93 

14 

sine 9*9993 


55 45 

cosine 9*7504 


75 

*4 

cosine 9*4063 

End 

9** 28™ 

sine sq. 9*9511 

End 

S*' 

52»» 

sine sq. 9*6846 

Beg. 

2 32 

Bkg, 

. 6 

8 


Ex. 3. March 3d, 1878, lat. 60° 47' S. Twilight begins 

2'* 8'" 

A.M., 

ends 9'’ 52*“ P.M. 


Ex. 4. Jan. 2d, 1878, lat. 70° 1' N., Twilight begins, 6'* 42™ a.m., ends 5** 18"’ p.m.. 
the sun not appearing above the liorizon. 

643. The duration of twilight, or the interval between the begin- 
ning of twilight and the sun’s rising, or between sunset and darkness, 
IS found by taking the differences of these times. Thus, in Ex. 1, 
it is 9^ 28'" — 7^ 3'" (setting. Table 26), or 4*’ 57'" (rising) — 2‘‘ 32'", 
which Is 2" 25‘". In Ex. 2, it is 5'* 52‘" — 3^ 27*", or 2^ 25‘". 

The shortest duration is at the equator, when the sun moves 
through 18° in 1** 12''^; at the poles it continues several months. 

When the lat, (of the same name with the deck) exceeds the coin])l. 
of 18® 4- deck, the sun is less than 18® below the horizon at midnight, 
or twilight lasts all night, as for ex. with lat. 58® N., deck 21® N. 


VI. Altitudes. 

1. Correction of the Observed Altitudes* 

644. The corrections necessary to reduce an altitude observed 
from the sea-hori/on with a sextant or circle to the true altitude, 
consists of tlie Index Correction, the Dip, the Correction of Altitude 
(or tiie joint effect of refraction and parallax. No. 438,) and, u) 
cei'taiu cases, the Semidiameter. 
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When one of the instruments. No. 522 or 623 is used, the Dip is 
omitted ; the constant correction should be applied tlie first thing. 

645. The apparent alt. is deduced from the observed alt. by ap- 
plying all the above corrections except refi'action and parallax. 

646. When the altitude is less than the mean refraction in 
Table 31 may be in error more than 1', and should be corrected by 
Tal)les 32 and 33 if a barometer and thermometer are at hand. For 
precision, this is necessary in all cases. 

[ 1 .] To Correct the Sun's Altitude. 

647. At Sea. Apply the Ind. Corr. ; subtract the dip corre- 
sponding to the height of the eye, Table 30 ; subtract the refraction 
for this alt., Table 31, to the nearest minute. 

Wlien the loxver limb is observed, add 16' to this reduced alt.; 
when the upper limb is observed, subtract 16'; the result is the true 
or corrected alt. of the sun’s centre. 

Ex. 1 . Obs. alt. of Q 28° 54', ind. Ex. 2 . Obs. .nit. of 0 42° 11', ind. 

corr. + 3^ height of the eye 16 feet: re- corr. — 17', heiglit of the eye 30 feet: re- 
cjuircd True Alt. of the centre. quired True Alt. of the centre. 


Obs. Alt. 

28° 54' 

Obs. Alt. 

42° n' 

Ind. Corr. 

+ 3 

Ind. Corr. 

- 17 


57 


41 54 

Dip 

— 4 

Dip 

~ 5 


28 S3 


41 49 

Refr. (for 29°) 

— 2 

Refr. (for 42°) 

— I 


28 51 


41 48 

Semid. (Jow. /.) 

+ 16 

Semid. {upper 1.') 

- 16 

True Alt. 

29 7 

True Alt. 

41 3 ^ 


Ex. . 3 . Obs. alt. 0 10° 4', ind. corr. -r 2', height of eye 18 feet : required the True AU 
of Sun’s centre. IbiUE Alt. 10° 13 . 

Ex. 4 . Obs. alt. 0 42° ii', ind. corr. —17', height of eye 30 feet: required the True 
Alt. of the centre. True Alt. 41'^'’ 32'. 

648. In the open sea, where an error of 2' or 3' of lat., and a 
corresponding error of long., are of no great consequence, the corr. 
of alt. for the sun (when the lower limb is observed), may be taken 
from Table 38, in which it is given to the nearest minute. 


lx. 1. (Ex. 1 above.) 

Ex. 2 . (Ex. 3 above.) 

Obs. Alt Q 28° 54 

Obs. Alt. 0 10° 4 

Ind. Corr. + 3 

Ind. Corr. . + 2 

28 57 

10 6 

Ht. 16 f., Alt. 29° Corr. + j i 

Ht 18 f., Alt 10°, Corr. + 7 

Truk Alt. 29 8 

True Alt. 10 13 


If the upper limb has been observed, proceed as above, and 
tied act 32'. 

Ex. Obs. Alt. 0 88° 40', lit. of Eye 30 f., Ind. Corr. - 5', True Alt. 88^ 14'. 

649. Accurately. Apply the ind. corr. and (at sea) the dip : 
correct the refr. by Tables 32, 33 ; take the semid. and parallax from 
llie Mautical Almanac; and subtract the parallax in alt., Table 34 
Minute accuracy in alt. at sea can rarely be worth the troublo 
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bestowed upon it, from tlie uncertain state of the sea-horizon. The 
examples. No. 651, will serve, supplying the dip. 

650. When the altitude of eitlier limb of the sun is observed, and 
the altitude of the otlier limb (which will appear the same in the 
instrument) is observed from the opposite point of the horizon 
(No. 535), take half the ditf. of these angles and add to it the 
correction of alt. ; the sum is the true zen. dist. 


Ex. 1. Obs. Alt. Q S. 63^49^20", 
2) N. 115° 46' 20"; required the true Zenith 
Distance. 


QN. 


>46" 

20' 

s. 


49 

20 


i) 51. 

57 

0 

App. Zen. Dist. 

^5 

58 

30 

Rcfr. 


+ 


True Z. Dist. 

, Ts 

58 

59 


Ex. 2. Obs. Alt. Q N. 81° 59' o", 
0 S. 97° 40' 30"; required the true Zenith 
Distance. 


2?; 

97° 

40" 

30" 

N. 

81 

59 

0 


'ii. 

41 

"30 

App. Zen. Dist. 

7 

50 

45 

llefr. 



b 8 

True Z. Dist. 

7 

50 

53 S. 


651. On Shore, When the alt. is observed from the quicksilver, 
apply the ind. corr. at once; halve the result, and proceed as in 
No. 649, omitting the dip. 


Ex. 1. Jan. 1st, 1878, alt. 0 in the quick- 
silver 17® 24' o'", ind. corr. — 4' 50'", bar. 
30*6 inch, therm. 44° : find the True Alt. 


Obs. Alt. 0 17® 24' o'" 
Ind. Corr. — 4 ^o 


M. Refr. 

e 

e\ 

k 2)17 19 

10 

Therm. 

Bar. 

+ 

+ 

5 

7 1 

« 39 

TT 

Par. 

f ; 

'•>8 i 

[Corr. of Alt. —6 

9 

— 

_9_ 



Corr. of Alt. 6 

9 / 

8 33 

26 




Semid. + 16 

18 


True Alt. 8 49 44 


Ex. 2. July 1st, 1878, alt. 0 60° 11' 40' 
ind. corr. 4- 2' 35", bar. 29*2, therm. 76° . 
find the True Alt. 


Obs. Alt. 0 60° ii" 40* 


Ind. Corr. 


^ 35 


M. Rcfr. 

I'hcTm. 

Bar. 

Par. 

Corr. of Alt. 


V 41 

- 5 

— ■? 


I 26 y 


Corr. of Alt. 
Semid. 
True Alt. 


i) 60 

14 

J± 

30 

7 

7 

It. - 

• I 

26 

- 

■15 

JLi 

29 

49 

55 


Ex. 3. May 3d, 1878, obs. alt. 0 in the quicksilver 116° 14^0'", ind. corr. + 2' o% 
bar. 29*2, therm. 58^ : required the True Altitude. Truk Alt. 58^ 23' 23'. 

Ex. 4. July 9th, 1878. obs. alt. 0 in the quicksilver 120° 17" 50'", ind. cor. +54% 
bar. 29-8, therm. 62'^ : required the True Altitude. True Alt. 6o‘^ 24' 39". 


[ 2 .'J To Correct a Star or a Planet* s Altitude, 

652. At Sea. Apply the index corr. ; subtract the dip and 
refraction. 


Ex. 1. Obs. alt. of a star 28% ind. 
uorr. +2% height of eye 16 feet: required 
the True Alt. 

iotas' 

+ 2 
10 30 

Dip 4 and Refri 5' — 9 

True Alt. 10 zi 


Ex. 2. Obs. alt. of a star 46® ind; 
corr. --3", height of eye i6 feet; required 
the True Alt. 

46° 12' 

Sub. 3% 4% and i' 8 

True Alt. 46 4 


Or, having corrected for index error, subtract the corr. in Table 38. 
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Ex. S. Obs. alt. of the planet Venus 
jo° 14', ind. corr. + 3', height cf eye 12 feet : 
required the True Alt. 

Obs. Alt. 30° 14' 

Ind. Corr. + 3' \ ^ 

Table 38, - 5 / 

True Alt. 30 12 


Ex. 4. Obs. alt. of the planet Mars 
78° 57^ iutl* corr. + 7, height of eye 30 feet : 
required the True Alt. 


Obs. Alt. 

Ind. Corr. + 7' \ 
Table 38, -5} 
True Alt. 


78® 57' 
+ 2 

78 59 


653. Accurately, Proceed as for the sun, No, 649, omitting 
seniidiaraeter. 

A star’s corr. of alt. is the refraction alone, No. 438, p. 147. 

For a planet, find the hor. par. in the Nautical Almanac; find 
the par. in alt. corrcsi^onding, in Tabic 45, and deduct it from the 
refraction. 


Ex. 1. Obs. Alt. of Sirius in the quick- 
silver 37'^' 9' 3s'S ind. corr. —7' 30'', bar. 
3o’2, therm. 42*^ : required the True Alt. 

>|c Obs. Alt. 

Ind. Corr. 


M. Refr. 2' 53" 
Therm. + 3 
Bar. -f 1 
Corr. —2 57 
True Alt. 


the True Alt. 

Veims^ II.P., p. 277, N.A. 5'''2 

Obs. Alt. .116 ' 48' 40" 
Ind. Corr. + i 40 

2)116 15 20 


Ex. 2. Obs. alt. of a. Polaris in the 
mercury 102® 38' 30'', ind. corr. + 30'% 

therm. 6 z'-', bar. 30 inch. 



9 

35" 

sje Obs. Alt. 

102*^ 

^38' 

30" 


-7 


Ind. Corr. 


+ I 


37 

2 


2 

) 102 

40 

0 

18 


2 



20 

0 




M. Refr. 0' 46" *8 1 




—2 

57 

Therm. •— i *2 | 


— 0 

46 



Corr. 0 45 *6 > 









True Alt. 

51 

^9 

I4 

18 

28 

5 





obs 

. alt. Venus 

I Ex. 4. Feb. 26tb, 

1878, 

obs. 

alt. Alars 

40', 

, ind. corr. 

ill the quickMlvcr, 41' 

’ 49' 

30% 

ind. corr. 

62® 

: required 

+ 1' 20", bar. 29*2, therm. 

58^: 

: required 




the True .\li. 




M. Refr. o' 35'*9'^ 
Therm. — o '9 

Bar. — o '2 


Par. 

Corr. of Alt. 


34 8 
—2 *6 


32 2 / 
True Alt. 


58 25 10 


— o 32 


58 24 38 


Mars’ ir.P., p. 278, N.A. 5'"*5 

Ohs. Alt. 41^49' 30' 
lud. Corr, + i 20 

2)4i_5o_jo 
20 55 25 


M. Refr. 

Therm. 

Bar. 


/ 3i"-8\ 
-3 
— 4 


Par. 

Corr. of Alt. 2 19 *7' 
True Alt. 


I 24 -8 
•'7/ 


io 53 5 


[ 3 .] To Correct the Mooii^s Altitude. 

654. At Sea. Find the Green. Date roughly, and take out of 
die Nautical Almanac the hor. par. and semid. to the nearest noon 
or midnight. 

Apply the ind. corr. to the alt., subtract the dip ; when the lotaer 
hnib is observed, add the semid.; when the upper limb is observed, 
subtract it ; the result is the app. alt. of the centre. 

With the A, alt. and hor. par. find, in Table 39, the moon’s corr. 
ol alt., which add. The result is the true or corrected alt. of the 
moon 8 centre, approximately. 



216 


NAUTICAT. ASTRONOMY. 


Ex. 1 .* May 13th, 1878, long. 52° W., 
at 8'* 42“* P.M., obs. alt., 37"^ lo, ind. 
corr. +3', height of eye 14 feet : required 
the True Alt. 

The Gr. Date is 13th, 12** 10™, H.P. at 
midnight 60', semid. 16'. 



1 

37 ° to' 

Ind. Corr. 

+ 3' i 


Dip 

- 4 j 

+ 15 

Semid. 

+ 16 ) 

37 25 

37 ° as' 

, H.P. 60' 

+ 46 

True Alt. 

38 II 


Ex. 3 . Jan. 3d, 1878, long. 159° E., at < 
ind. corr. + 3' 

Ex. 4 . July 5th, 1878, long. 172° W., at 
18 feet. 


Ex. 2. Sept. 18th, 1878, long. 160'’ E., 
at 2^' A.M., obs. alt. 61° 20', height of 
eye 16 feet, ind. corr. — 3': find the True 
Alt. 

Tlie Gr. Date 17th, 3** 20™, H.P. at 
noon, 55 . semid. 15'. 

■y 61^ 20" 

Ind. Corr. — 3' 1 
Dip — 4 [ 

Semid. —15) 

60 58 

61° o', H.P. 55' 4-26 

True Alt. 61 24 

•* 10™ r.M., ^ 85° 42', height of eye 20 feet, 
Truk Alt. 86 1'. 

3** A.M., "J" 14° 28', ind. corr. o', height of eye 
True Alt. 15' i'. 


655. Accurately. (1.) llcdiicc the lior. par. to the Gr. Date, and 
find the semid. Table 40. Reduce the par. by Table 41, and augment 
the semid. Table 42. 

(2.) Take out the refraction for the limb observed, correct it for 
baroin. and therm. ; subtract this corrected refraction from the alt. 
and apply the augmented semidiametcr. 

(3.) To the log. see. of the alt. thus reduced add the prop. log. 
of tlie reduced hor. parallax; the sum is the prop. log. of the parallax 
in alt. This par. added to the reduced alt. gives the true alt. of the 
centre. 

As, liowcver, the degree of precision obtained by these precepts 
will rarely be required, w^c shall, in the following example, employ 
Table 39. 


Ex. 1 . .Inly 30th, 1878, lat. 42° S., long. 42° 13' W., at 5’* 24™ 38" M.T. ob.s. alt. ') 
36^’ 39' 50', ind. corr. +2' 17', height of eye 22 feet; therm. 72°, bar. 29’! : required t'lO 
True Alt. 


The Gr. Date, 30th, 8** is*" 30* 
H.P. 30th, Noon 59' 55'''6 

30th, Midn. 60 6 *2 

l2-hoiirly Var, + 10 *6 

S’* 14“, var. 10" -6 + 7 *2 

_ 59 _ 55 '6 

Equat. H.P. 2 ’8 

Red. for Lat. — 5 

Red. H. P. 59 57 *6 

Semid. corresp. to 59' 58'' 16' 21'' 

Augment. 10 

Aug. Semid. 16 31 


Obs. Alt. 36^^ 39' 50" 

Ind. Corr. +2' 17"’) 

Dip. -4 30 f 

36 37 37 

Aug. Semid. +16 31 

36”l4 8 

36° 50' and 59' 45' 56" 

4 - 2 

5 ^" +4 7 

46 41 

Tljorm, ’jz^ysnh. 3"\ 

Bar. 29*1 sub, 2 j 


Truk Alt. 


+ 5 

46 46 4 46 46 

37 40 54 


656. When the moon is referred to the opposite point of the 
horizon, No. 535,Jialf the diff. of the alt. and its supplement is the 
zenith distance of the illuminated limb, to which the augmented 


* The examples being given merely in illustration of the rules, no regard haa been pa>‘^ 

to the visibility of the moon at the time and place specified. 
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semid. is to be applied the contrary way to that directed for the alt. 
In certain cases both limbs can thus be observed, No. 540, and the 
nemidiameter avoided. 


2. To Reduce the True to the Ajyj^arent A Uitude, 

[1] For the S?my a Star^ or a Vianet, 

657. Take out the refraction to the true alt. as if for the app. 
alt., correcting it, wlien necessary, for the baroin. and therm. ; sub- 
tract the parallax in alt., add the remainder to the true alt., and 
subtract the correction in Table 43. 


[2.] For the Moon, 


658. Find her corr. of alt. for the true alt., as if for the app. alt., 
and apply the corr., Table 44. 


Ex. 


J 's Ilor. Par. 59', True Alt. 
48^ 4P, and 59^— 38' 
Corr. Table 44, — 28 j 

App. Alt. 


48° 41' 12" 
~ 38 34 
48 2 38 


650. To reduce the a])p. alt. to the observed alt. for a particular 
instrument and given height of the eye, apply the ind. corr. the 
v[)j)osite way, and add the dip. 


3. Reduction of Two Altitudes to an Intermediate Point of Time, 


660. Two altitudes observed at periods of time not distant, afford, 
by simple proportion, the altitude at an intermediate time. 

(1.) Find the interval between the time of the 1st alt. and the 
time ])ropose(l, and call it the partial interval. 

(2.) To the prop. log. of the partial interval add the ar. co. prop, 
log. of the whole interval, and the prop. log. of the ditt*. of alts. ; the 
sum is the prop. log. of the change of alt. in the partial interval. 

(3.) AVhen the 1st alt. is the lesser, add this change; when it is 
the greater^ subtract the change. 


Ex. 1. At lo*! i8‘" 4* by watch, obs. an alt. 54° 56'; at 


55 


' 29' 


™ II* obs. a second alt. 


5™ 2* 
II 7 


pr. log. 
ar. CO. p. log. 


required the Alt. at ic*' 23™ 6**. 

Alt. 54^56' time io*‘ 18™ 4*j 
10 23 6 I 

55 12 10 29 II ) 

Diff. 16 pr. log. 

Change of Alt. ']' pr. log. 

54 56 
Alt. rcq. 55 3 


1*553 

8-791 

i-of^i 

1*395 


Ex. 2. At 12*' 57™ 24* by watch, obs. an alt. 39° 2'; and at i*^ 8™ iS** obs. a sci ond alt. 
36° 42': required the Alt. at i** i»' 29*. Change of Alt. — 53', and Alt. req. 38"^ <) , 

Ex. 3. At 58'" 36* by watch, obs. an alt. 47® 33', and at P' 5'" 47", obs. a second alt, 
47° 5^' : required the Alt. at i^ 1"' 29*. Change of Alt. + 8', and Alt. req. 47° 41'. 

The altitude thus deduced differs from the true alt. by a propor- 
bonal part of the 2d diff. of alt. nj)on the interval, No. 558. The 
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method serves very well when the azimuth is large, or the object 
60® or more from the meridian, or less if the interval be small ; but 
in cases near the meridian tlie result will be sensibly in error, unless 
the interval is very small. The error arising from the neglect of the 
2d difF. will be less as the intermediate time is nearer to the beginning 
or end of the interval. 

4. Reduction of an Altitude to another Rlace of Observation^ 

661. The run of the ship i?i the interval between the taking of 
the two altitudes which constitute certain observations, renders it 
necessary to reduce one to the place of the other. 

When the ship approaches the sun directly she raises him 1 for 
each mile of distance made good. When the sun bears obliquely 
(as for ex. 3 points) from the course made good, if we consider tlie 
angle between this last course and the sun’s bearing (or 3 points) as 
a course, the space by which the ship approaches the sun is the D. 
Lat. corresponding to her Dist. made good.'**' 

When the sun’s bearing is at right angles to the course made 
good, tlie ship neither approaches nor recedes from him ; when the 
bearing is abaft this line, she drops the sun. 

When it is required to reduce an alt. observed at 1 o’clock (for 
ex.) to what it would have been if observed at the place where the 
ship is at 2 o’clock, the shij) having ap])roached the sun, we have 
merely to add to the alt. observed at 1 o’clock the portion of space 
or arc by which the ship would have raised the sun in 1’*, if he had 
preserved his bearing at 1 o’clock unaltered. Hence the following 
rules. 

To reduce the 1st alt. to the second place of observation. 

(1.) Take the ditf. between the bearing of the body at the first 
observation and the ship’s course, as a Course, and the dist. run as a 
Distance; the J). Lat. corresponding is the reduction for run. 

(2.) When this course is less than 90® or 8 points, add the red. 
to the first alt. ; when the said course exceeds 90® or 8 points, suh- 
tract the red. ; the result is the alt. reduced to what it would have 
been if observed at the second place of the spectator. 

If the ship docs not preserve the same course, the eburse made 
good must be employed. 

As it is diffei'ence only of bearing or azimuth that enters into this 
question, the variation (supposed the same at both observations) is 
not considered ; but if the ship’s course changes, the local deviation, 
when large, should be attended to. 

Ex. 1 . Observed the sun's alt., the sun bearing S.E. by E. | E., the course E. by N. i N 
(by compass). Sailed for i‘* 15™ at the rate of 7I knots: required the Reduction of the 
Alt. for Run. 

From S.E. by E. J E. to E. is af pts. ; from E. to E. by N. J N. is pts. The course 
4^ points, and dist. 9*4, 'give D. Lat. 6'*3 the Reduction to be added to the Alt. 


* As the distance is described upon a spherical surface, in strictness a correction is neces- 
sary ; also the dist. made good on the spiral rhumb should be reduced to that on a grea 

circle ; but these refinements are generally inconsistent with the rude data of the question, 
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Ex. 2. Sun South, alt. 55° 30'* course E. by N., rate 6*8 knots, interval 12" : reduce 
the Alt. for the Run. 

The suppl. of 9 pts., or 7 pts., and dist. 1*4, give D. Lat. 0*27, or o'*3, which subtracted 
from 55° 30 ^St gives 55" 3o'*2, the Alt. required. 

Ex. 3. Obs. sun^s alt., sun bearing N.E. \ E., course N.W. 4N., sailed for 36™ io» at 
the rate of 10*2 knots : required the Reduction for Run. The Reduction is o'*o. 

Ex. 4. Obs. a star’s alt. 37° 18 40", bearing S.E. by E. ^ E., course N.W. by W. 4 W., 
rate 5’8 knots, interval 2*^ 24"* : reduce the Alt. for Run. 

The Reduction is i3''9 to sub. ; the Alt. 37° 4'*8, 

When the course at the 1st observation is directly towards tlie 
sun, the clist. run in the interval is the correction, and is to be added 
to the 1st alt. ; when directly from the sun, to be subtracted. 

Ex. Obs. sun’s alt. 29° 7’ 30", bearing E.S.E., course E.S.E., rate 5-4 knots, 
interval 3** 6"’ ; reduce the Alt. for Run. 

The Reduction is i6'*7 to add; the Alt. 29^^ 24'*2. 

662. To reduce the 2d alt. to the first place of observation. 

Take the bearing at the last observation ; find the reduction of 

the alt. as above, and apply it to the 2d alt. the contrary way to that 
directed in (2) above. 

Ex. 1. Observed the sun’s alt., sailed S.S.W. for 48"™ at the rate of 34 knots, wlieii the 
2d alt. was taken, the sun bearing W.S.W. : requireil the Correction of the Alt. for Run. 

From S.S.W. to W.S.W. is 4 pts. The course 4 pts., and Dist. 2*8, give the D. Lat. 
2'o to he subtracted from the 2d Alt. 

Ex. 2. Course N.W. by N., observed the sun’s alt. After sailing for i*' 36*“ at 8*2 knots, 
observed the 2d alt. 39'' 44^ the sun bearing E.S.E. 

From N.W. by N. to E.S.E. is 13 pts.; then the course 3 pts., and Dist. 13*1, give 
D. Lat. 10*9, which added to 39'^ 44’ gives 39° 54''9, the Alt. reduced. 

When the course at the 2d observation is directly towards the 
sun, the dist. run is the correction, and is to be subtracted from the 
second alt. ; when directly from the sun, it is to be added. 

5. To find the Altitude. 

[1.] On the Meridian. 

663. For the sun, the moon, or a planet, find the time of Mer. 
Pass., No. .623, &c., and reduce the declin., No. 579, &:c. Find the 
colat. When the lat. and deck are of the same name take the sum 
of the colat. and deck ; when of different names, tlieir diff. ; the 
result is the mer. alt. If the sum exceeds 90® take its complement. 

Below the Pole. Find the pok dist., and subtract it from the 
latitude. 

[2.] On the Prime Vertical. 

664. JBy Inspection. See Table 29, and Explan. 

666. I^y Computation. (1.) Find the approx, time of Passage, 
No. 630; to this reduce the declin., in the case of the sun, moon, or 
a planet. 

(2.) Add together the log. sine of the declin., and the log. cosec, 
^ the lat. ; the sum is the log. sine of the true alt. required. 
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Ex. 1 . July I2tli, 1878, lat. 
long. 4° 56' W. : find the Sun’s 
Prime Vertical, W. 

51° 48' N., 

Alt. on tlie 

Table 29 , Lat. 52°, Decl. 22°, 1 

4** 46® 

Hour-angle, or App. Time) 

Long. 4® 56' W. 

4 - 20 

Green. Date 12th, 

5 6 

© Decl. 12th, 

21® 58' N. 

13th, 

21 50 N. 

Daily Var. 

¥ 


Daily Var. 8' and 5** gives 2', whence 
Rod. Decl. is 21° 56' 

Dccl. 21*^ 56' sine 9*572'?2 

Dat. 51 48 coscc. 0*10466 

Alt. 28 23 sine 9*67698 


Ex. 2. Lat. 50° 48^ N. : find the Alt. of 
u Lyne on the Prime Vertical. 

Decl. 38^40' sine 9 79573 
Lat. 50 48 coscc. 011073 

Alt. 53 44 sine 9*90646 

Ex 3 . Lat. 46° 14' N. : find tlie. Alt. cf 
Capclla on the Prime Vertical. 

Decl. 45° 52' sine 9*85596 ' 

Lat. 46 14 cosec. 0*14136 

Alt. 83 38 sine 9 99732 


[ 3 .] To find the Altitude y the Hour-angle being given, 

666. I^y Inspection, See Kxplaii. of Table 5. 

667. Jiy Computation. Having (in the case of the sun, moon, or 
planet) found tlie Gr. Hate and the declination. 

Take the suppl. of the hour-angle to 12*^; add together the pol. 
dist. and col at. 

Add together the log. sine square of the suppl. of the hour-angle, 
and the log. sines of the })t)l. dist. and colat. ; the sum (rejeeling 
lens) is the log. sine square of an auxiliary arc x. 

Write X under the sum of the pol. dist. and colat. and take the 
sum and dift’., and half the sum and half the dilf. 

Add together the log. sines of the last two terms; the sum 
(rejecting tens) is the log. sine square of the zen. dist. 

Ex. 1 . Lat. 22° 15' N., decl. 2° 49' S., hour-angle 2^ 14™ 36*: required the Alt. 
* working to the nearest minute). 


Hour-angle 

2^ 14™ 

36* 


Suppl. 

9 45 

Ifi. 

sin. sq, 9*96200 

P. Dist. 

92 

4‘/ 

sine 9*99947 

Colat. 

67 

_±5 

sine 9*96^39 

Sum 

160 

34 


Arc X 

^33 

_5Z 

sin. sq. 9*92786 

Sum 

294 

31 


Diir. 

26 

37 


iS. 

147 

15 

sine 9*73318 

i D. 

13 

18 

sine 9*36182 

Zen. Dist. 

41' 19' 

.sin. sq. 9*09500 


Alt. 48 41 


Ex. 2 . Lat. 35° 15' N., decl, 20® o'N., hour-angle 4*‘ 53'** 19*. Alt. 24® 4I^ 

Ex. 3 , Lat. 19® 20' S., dccl. 19° 20'S., hour-angle i8'“ lo*. Alt. 71® 35'. 

When the lat. is 0, we may use either N. or S. pol. dist. When 
the declin. is 0, the pol. dist. is 90®. When both lat. and declin. are 
0, the z. d. is the hour-angle converted into arc. 

Ex. 1. T.at. o, decl. 23® 27' N., hour-angle 4'' 30® z/^, AtiX. 20® 30'. 

Ex. 2 Lat. 30'' o'N,, decl. o, hour-angle 3*’ 38® 30’. Alt. 30® 5'. 
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[ 4 .] To find the Altitude^ the Azimuth being given. 

668. Add together the log. sine of the aziin., the log. cosine of 
the lat., and the log. sec. of the decl. ; the sum (rejecting tens) is the 
log. sine of an angle A (see note to No. 616), p. 204. 

Under A put the azim. reckoned from the elevated pole; take 
half the sum and half the diif. 

Take half the sum of the pol. dist. and colat. 

Add together tlie log. tan. of this lialf sum, the log. cos. of the 
half sum of the azim. and A, and the log. sec. of tlieir half diff.; the 
ftuiii (rejecting tens) is the log. tan. of half the zen. dist. 

Ex. Eat. 5*° 3 ^^ ^*1 decl. 20° t! N., azimuth S. 69° 35' W., that is N. iio'^ zi* W. : 
required the Alt. 

Az. 39' sin. 9*97201 Colat. 38'^ 30' 

Lat. 51 30 cos. 9’794i5 P. Dist. 69 58 

Decl. 20 2 sec. o*c27n 2,8, S. 54° 14.' tan. 0*14246 

A = 38° 25' sin. 9*79327 74 23 cos. 9*43007 

Az. II P 21 35 58 sec. 0*09186 

Sum 148 46, ^ S. 74^23' 24° 47' tan. 9*66439 

Dilf. 71 56, I D. 35 58 z 

Zen. Dist. 49 34 
Alt. 40 26 

For other Examples reverse those in No. C 74 . 


6. To find the Change of Altitude in a Sruf/ll Interval of Time. 

[ 1 .] The Hour-anglc and Altitude being given. 

669.' (1.) When the liody is to the E. of the meridian, 
half the interval from the hour-angle; 'when to tllc^V^ of the meridian, 
add half the interval: call tlic result the reduced hour-angle. 

(2.) Add together the log. cosines of the lat. and declin., the log. 
sine of the red. hour-angle, the log. sec. of the alt. and the log. sine 
of the interval ; the sum (rejecting tens) is the log. sine of the change 
of alt.* 

(13.) When the body is to the E. of the meridian, add this change 
to the alt.; when to the W., .subtract it: the result is the alt. recpiired. 

Ex. 1. Lat. 51'^ 30', dcd. 22° 20', true Ex. 2 . T.at. 31° 30', dcd. 22 ' 20', true 

alt. 44^ 47' 36", hour-angle 3’’ o'” 0“ to the alt. 44"^ 47' 36", hour-angle 3*' o'” c* to the 

F. of the meridian ; required tlic Alt. 10™ W. : tind the Alt. 20"’ afterwards, 
afterwards. 

Hour-angle 3** o™o* E. lat. cos. 9*7942 3*' o'” c* W. hit. cos. 9*-'{)42 

Half-int. — 50 dccl. cos. 9*9661 + 10 o decl. cos. 9*9661 

Red.II.ang. 2 5*; o sine 9*8398 3 10 o sine y*i>676 

44^^47" 36^' see, 0*1490 44 47' 36'" sec. 0*1490 

iut. sin. 8*6397 int. sine 8*9403 

Change i 24 i siii. 8*3888 2 59 20 sin. 8*7172 

Alt. 46 II 37 Alt. 41 48 16 

The true alt. is 46® 12' 48", or the The tme alt. is 41'' 52 24", or the error 

process is here 1' 11" in defect. is 4' 8' in consequence of the length ot tJie 

interval. 


* The prop. logs, may he used for tlie sines of the small arc .and the interval, provided 
diat the arithmetical complements of all the other quantities be enqiloyed, and the const. 

8239 ^dded. The proper logarithm for the pui*])osc is tlie h>g. ot the small an* or the 
‘nterval in seconds of arc ("). The inaceui;u*y attending the use of the sine, instead of its 
iu these cninputntions is insensible, as the sine of 1' tails .short ot its are by only c' *2, 
sine of 2'’ by i"*5, and that 3^' by 2"*9, or e-*i9 of time. 
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The method is more accurate as the object is more nearlj^ E, 
or W. 

The proper alt. to employ in this computation is the middle alt. 
between those at the beginning and end of the interval ; for greater 
accuracy, therefore, the work should be repeated with a new alt. thus 
deduced. 


[2.] The Azimuth being given. 

(i70. By Inspection. Multiply fl>e cliange of alt. in I"* of time, 
Table 46, by the interval, both being in inin. and decimals. 

Ex. Lat. 52°, azim. 72°: find the change in Alt. in 3™ 12*. 

The change of alt. in 1“ is about 8'*7, which multiplied by 3*2 gives 28', the Chanok 
required. 

671. By Computation. Add together the log. sine of the azimuth 
(reckoned either from N. or S.), the log. cos. of the lat., and the log. 
sine of the interval of time ; the sum (rejecting tens) is the log. sine 
of the change of altitude. 

It is more correct to use the azimuth corresponding to the middle 
of the interval of time.* 


Ex. Lat. 51° 49', azimuth of Arctunis 72°: find the change of Alt. in 3'" 12*, and nUo 
in 2“‘ 5 1*. 


Az. 



sine 9-9782 

Lat. 

5 ‘ 

49' 

cos. 9*7911 

Int. 

3'" 

12* 

sine 8-1450 

Change req. 

. 28^ 

' 13" 

sine 7-9143 


9-9782 

9-7911 

Int. 2"‘ 51* 8-0946 

Change req. 25' 8" sine 7*6639 


672. All bodies on the same or opposite azimuths change their 
altitudes at the same rate, whatever be their declinations. 


VII. Azimuths. 

1 . To find the Azimuth, the Altitude heing given. 

673. By Inapection. See Explanation of Table 5. 

674. By Computation. Add together the pol. dist., tlie lat., and 
the alt., take half the sura,f and take the ditf. between this half sum 
and the pol. dist. 

Add together the log, sec. of the lat., the log. sec. of tlie alt., the 
log. cosines of the half sum and remainder; the sum (rejecting tens) 
is life log. sine square of the azimuth, J to he reckoned from the b. 
in N. lat., and from the 2\. in S. lat. 


* The above rules, Nos. 609 . Ac., relate to the change of the tme altitude. To compare 
the change of alt. as shewn by an instrument with the true difference, in a given interval o 
time, a small correction would, in general, be necessary, on account of the change of refraction, 
and in the case of the moon, for the change also in her parallax in altitude. . , 

t The learner will observe that in this formula the pol. dist., lat., and alt., occur m the 
reverse oide»- of that in No. 614 , in which last their initials form the wofd alp. The 2d an 
3 d terms take seeantu ; the last two, cosines. 

t TUt. angle obtained is the supplement of the angle P Z A in fig. 1 , p. 144 . 
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Ex. 1 . Lat. 5 1° 30* N. , alt. 40® 2 5' to the Ex. 2 . Lat. 40® S' S., Jecl. 1 1® o' N., alt. 
W.. decl. 20° 2' N. : required the Azimuth. 38° ii' to the Eastward : required the Azim. 

PolDist. 69° 58' P.Dist. loi® o' 

Lat. 51 30 sec. 0*20585 Lat. 40 8 sec. o*ii66 

4 Q sec. 0*11842 Alt. 38 11 sec. 0*1046 

53 179 ^9 

80 56J cos. 9*19711 89 39J cos. 7*7755 

10 58g[ cos. 9*99198 II 20 j cos. 9*9914 

Azimuth, S. 69° 39' W. sin. sq. 9*51336 Azimuth, N. 11° 19' E. sin. sq. 7-9881 

When the lat. is 0, if the declin. is N. the azimuth is to be 
reckoned from the south ; if it is S. from the north. 

When the declin. is 0, the azimuth is reckoned from the N. in S 
lat., and from the S. in N. lat. 

Ex. 1 . Lat. o®, decl. 23® 27' S., alt. 41® 2' W. Azim. N. 121° 50' W., or S. 58® 10' W 

Ex. 2 . Lat. 11° 12' N., decl. 0°, alt. 54° 30', to the East. Azim. S. 73° 53' E. 

When both the lat. and decl. are 0,the object moves on the prime 
vertical. 

2. To find the Azimuth^ the Hour-angle being given, 

675. (1.) Take half the sum of the pol. dist. and colat., and half 
the difference. 

(2.) Add together the log. cot. of half the lioiir-angle, the log. sec. 
of the half sum, and log. cos. of the half diff. : the sum (rejecting tens) 
is the log. tan. of half the sum of the azimuth and another angle A. 

When the half sum of the pol. dist. and colat. exceeds 90®, take 
the suppl. of the resulting arc for the half sum required. 

To the log. cot. already employed add the log. cosec. of the half 
sum, and the log. sine of the half diff. ; the sum (rejecting tens) is 
the log. tan. of half the diff. of the same two angles. 

(3.) The sum of the resulting half sum and half diff. is the greater 
of the said two angles ; the deference is the lesser. 

When the pol. dist. exceeds the colat. the greater of the two 
angles is the azimuth required ; when the pol. (list, is less than the 
colat., the lesser of the angles is the azimuth required. 

Ex. 1, Lat. 10® 20' N., decl. 22® 14' S,, liour-augle i’* 44"' 17* W. : required the Azimuth. 

H. Angle 1^ 44*" 17* 

Half o 8 cot. 0*63548 cot. 3*63548 

P.Dist. 112® 14' 

Colat, 79 40 

Sum 191 54 

Diff. 32 34 

1 S. 95 57 sec. 0*98439 cosec. 0*00235 

2 D. 16 17 cos. 0*98222 sin. 9*44776 • 

88® 34' tan. ~6 o 209 50® 37' tan. 0*08559 

91 z6 (snppl.) 

SO 37 

Sum N. 142 3 W. Azimuth (p. dist. exceeds col.) 

Diff. 40 49 the other Angle, or A. 

Ex. 2. Lat. 47® 11' S., decl. 11° 18' S., hour-angle 5’* ii'" 20*; the Azimuth 91® 6 , the 
other angle, or A, 43° 52'. 

Ex, 3 . Lat. 13® 52' N., decl. 46® 8' N., hour-angle 1** 21™ ii* E. of Mer. 

Azim. 33^^49'^^, 
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3. To find the Azimuth, the Hour-angle and Altitudt being given. 

676. Add together the log. sine of the pol. dist. (or log. cos. of 
ihe declin.), tlie log. sine of the liour-anglo, and tJie log. sec. of the 
alt. ; the sum rejecting tens is the log. sine of the azimuth. 

Ex. 1. Hour-angle 19"* 19*, alt. Ex. 2. Hour-angle 46™ 39*, alt. 

58'^ 40', pol. dist. 104'^ 24': required the- 63*^ deed. 14^24' (N. or S.) ; required 
Azimuth. the Aziinutli. 

Pol. Dist. sin. 9-9861 IM. cos. 9-9861 

Hour-angle sine 9*5305 Hour-angle sin. 9-305? 

Alt. sec. 0-2840 Alt. sec. 0-3430 

Azim. 39° ii' sin. 9'8oo6 Azim. 25° 33' sin. 9*6348 

This method cannot shew whether the body is to the N. or S. of 
♦he prime vertical ; for tliis purpose see No. 673, &c. 

I 

4. To find the Azimuth, not far from the Meridian, by the observed 
change of Altitude in a small Interval of Time. 

677. By Inspection. Divide the given change of alt. by the 
interval, in min. and decimals ; the quotient is the change of alt. 
in 1™. 

With this change and tne lat. enter Table 46, and take out the 
azimuth, which corresponds approximately to the middle of the 
interval. 

Ex. Lat. 35° ; the change of alt. in 20“ 12* is 59' ; find the Azimuth. 

59 divided by 20*2 gives 2-9, the change of alt. in i>“, which gives the Azim. about 14°. 

678. By Computation. Add together the log. sine of the change 
of alt., the log. cosec. of the interval, and the log. sec. of the lat. ; the 
sum is the log. sine of the azimuth about the middle of the interval. 

Ex. 1 . Lat. 51° 26'; in 5"' 20* observed Ex. 2 . Lat. 34° 40'; in 20'“ 12* observed 

22' change of alt. : required the Azimuth. 59^ b" change of alt. : required the Azimuth. 

D. Alt. 22' sine 7-8061 D. Alt. 59' 6" sine 8*2353 

lilt. 5"‘ 20* co.sec. 1-6332 Int. 20'” 12* cosec. 1*0554 

Lat. 51° 26' sec. 0*2052 Lat. 34° 40' sec. 0-0849 

Azim. 26° 10' sine 9*6445 Azi.m. 13° 44' sine 9*3756 

At about 3“* after the 1st observation. At about 10"* after the 1 st observation. 

679. This method will sometimes be useful, as for determining 
the variation, but it must be employed with caution ; the interval 
should not he very small, the body should not be far from the meri- 
dian, and both alts, must of course he observed on the same side. 

The degree of dependance is easily estimated by changing the 
diff. of alts, by tlie amount of probable error, as about V or 2': 
Thus, 1' error of diff. alts, produces in Ex. 1 an error of 1^4, while 
in Ex. 2 it produces an error of only 14'. 



CHAPTER V. 


Finding the Latitude. 

Jiv THE Meridian Ai/nruDii. II. liv the Reduction to the 

Meridian. III. By Double Altitude of the same Body. 

IV. By Double Altitude of different Bodies. V. By the 

Altitude of the Pole Star.* 

680. The pole remains always in the same absolute fixed position 
from whatever point of the earth’s surface it is viewed ; its altitude 
at any particular place is, therefore, always the same. The position 
of the equator, which is 90^ from the pole, is also always the same at 
the same jdacc, and is determined by reference to the celestial bodies, 
whose declinations are measured from it. The latitude of the place 
may, therefore, be determined directly by ol>servation, and indejiend- 
eutly of the latitude of any other place. 

When the body observed is on the meridian (at which time its 
altitude ceases to change) the time is not noted; but if it is not on 
’ the meridian, either the absolute time must be given, or a second 
altitude must be obtained after a measured interval. 


I. By the Meridian Altitude. 

681. The simplest, and in general the most satisfactory, method 
of determining the latitude, is by observation of the altitude of a 
celestial body when on the meridian of the place. f 


* The several methods of latitude wliich arc given in this work under the heads enume- 
rated above, and which may be considered as distinct methods, of which the solutum depends 
circumstances as elsewhere described, amount to eight. The seaman, wlio w ill remember 
‘e adage, “lead, latitude, and look-out,” scarcely needs to he, reminded that the latitude U 
0 ten the only element necessary, — that headlands on vast tracts of coast are approached, and 
numerous passages or channels taken, by reference, to latitude alone, — ami that the time, and 
lerefore the longitude itself, depends on the latitude. In these days, al^^o. when such great 
jg continued velocity is attained, in .steam -vessels, increased facilities are demanded for lio- 
place of the ship from time to time; the seaman aei’ordingly should he luruished 
* a method of tinding the latitude (provided it be convenient and satisfactory) adapted to 
^*7 that may present itself by day and by night. 

1^0 4'’ 2 *^^*^®*' deducing the latitude from the mer. alt. and declin. is fully described lu 
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1. Meridian Altitude of the Sun, 


682. The Observation, When the sun is near the ineridian, con- 
tinue to observe the altitude till it is found to decrease ; the greatest 
alt. reached is the mer. alt.* 

In latitudes above the sun, being above the horizon the 

whole 24 hours during part of the .snnnuer months, may often be 
observed below the pole at midnight ; in this case the smallest 
altitude is the mer. alt.f 

When accuracy is required, note the barom. and therm. 

683. The Computation, At Sea, (1.) Take the sun’s decl. Irom 
the Nautical Almanac, ])age I., or Table 60, for the noon of the day, 
and reduce it by Table 11) for the longitude by account. 

(2.) Correct the alt. for index error, dip, semidiameter, and 
refraction, No. 647 ; subtract it from 90®, the remainder is the 
zenith distance. 

(3.) When the observer is to the N. of the sun, call the zen. dist. 
north ; when he is to the S. of the sun, call it south. 

When the zen. dist. and decl. are of the same name, take their 
sum; when of contrary names, take their difference: th? result is 
the lat. 

When the dccl. and zen. dist. are of the same name, tlie lat. is alsu 
of that name; when the decl. and zen. dist. are of different names, the 
lat. takes the name of the greater. % 


Ex. 1 . May 3d, 1878, long. 38° W. ; 
obs. Mer. Alt. 0 56° 10' to the southward, 
ind. corr. + 2', height of eye 20 feet : re- 
quired the Latitude, 

Decl. 3d, Table 60 , i 5'''43 N. 
Corr. for 38'’ W. -^ 2 

Red. Declin. 15 45 N. 


Obs. Alt. Q 
Ind. Corr. + 2' 1 
Dip -4 j 
App. Alt. 0 
Refr. ■“ * I 
Semid. + 16 j 


56° 10 


56 8 
+ >5 


True Alt. 56 23 


Zen. Dist. 33 37 33 37 N. 

Latitude 49 22 N. 


Ex. 2 . July 4th, 1878, long. 101® E.; 
obs. Mer. Alt. Q 81® 59' bearing north, 
ind. corr. o, height of eye, 16 feet ; required 
tlie Latitude. 


Decl. 4th, 


22®S3'N. 

Corr. for 101° E, 

+ 1 

Red. Declin. 

22 54 N. 

Obs. Alt. 

81“ 59 


Table 38 , 

+ IZ 


True Alt. 

82 11 


Zen. Dist. 

7 49 

7 ^9 S. 


Latitude 15 5 


* At sea it is usual to keep advancing the index till the sun has dipped, hut it is better 
to take separate altitudes. 

f Since the sun, moon, and planets, change their declinations, the mer. alt. is not always 
the maximum ox minimum altitude. Near the equator the dilference, which is as the tangen 
of the latitude nearly, is very minute. In lat. 60 ° the sun's alt. will be maximum, in the 
extreme case, at half a min. from the meridian, and the altitudes will differ only 0"*4 ; m ^ ' 
same latitude these quantities will be, for the moon, 7 ™ and 2 " respectively. As 0"‘4 is in«P' 
prcciable by ordinary instruments, and as the moon can be employed for approximation on y» 
it is not necessary to tabulate this correction. ^ 

t A ship, on board which the declination had been applied the wrong way, 

Orkney Islands, in coming from the westward, instead of the Channel. A few 
riup bound homewards from Australia round C. Horn got too far to the southward ; a siid 
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When the declin. is 0, the zcn. dist. is the latitude ; and when 
the zen. dist. is 0, the declin. is the latitude. 

Ex. 4 . July 13th, 1878, long. kp9° W. ; 
obs. mer. alt. Q 89° 44' N., index error 
+ 4', eye 1 8 feet ; find the Latitude. 

Decl. 13th 

Corr. for long. 49® W. 

Red. Decl. 


48° 16 


— 26 


47 50 


Obs. Alt. 0 
Inde« + 4' 1 
Table .38 + 12 j 
True Alt. 

Zen. Dist. 

Decl. 

Latitude 


21® 50' N. 

~ I 

21 49 N. 

« 9 ° 44 ' 

+ 16 


90 


21 49 N. 
21 49 N. 


Ex. 3 . Se^. 23d, 1878, long.lio°E.; 
obs. mer. alt. 0 48'^ 16' bearing N., index 
error — 5^ eye 16 feet ; find the Latitude. 

Decl. 23d ' 0° yf H. 

Corr. for long. 1 10® E — 7 
Red. Decl. o o 

Obs. Alt. 0 

Index — 5' 

Semi. ~i6 

Dip - 4 

Ref. — I 
True Alt. 

Zen. Dist. 42 10 S. 

Decl. o o 

Latitude 42 10 S. I 

Ex. 5 . March 21st, 1878, long. 60® E., obs. mer, alt. 0 56° 26' N., index error 42', 
eye 20 feet : required the Latitude. Lat. 33® 7' S. 

Ex. 6. Aug. 5th, 1878, long. 47® W., obs. mer. alt. 0 72° 47' N., index error +2', 
eye 16 feet. Lat. 0° 3 ' S. 

Ex. 7 . March 20th, i878» long. 90° W., obs. mer. alt. 0 89° 48' S , index error — i', 
eye 12 feet. Lat. 0° o'. 

E.\. 8. Jan. jst, 1878, long. 138® W., obs. mer. alt. 0 89® 55' S., index error +2', 
eye 12 feet. Lat. 23® 1' S. 

Ex. 9 . June 20th, 1878, long. 172® W., obs. mer. alt. 0 52® 18' S., index error —2', 
eye 60 feet (the top). Lat. 61® 4' N. 

Ex. 10 . Feb. 18th, 1878, long. 71® E., obs. alt. 0 *s centre (by bisecting the cloudy 
disc, No. 539 ), 48® 24' S., index error —2', eye 18 feet. Lat. 30® 5 ' N. 

Ex. 11 . Dec. 20th, 1878, long. 160® E., obs. mer. alt. 0 28° 18' S., above the sea 
horizon 2| miles distant, eye 20 feet. Lat. 38® j' N. 

684. Wlion the sun is observed below the polo (at midnight), 
instead of subtracting the true alt. from 90°, add 90° to it ; the lat. 
will be of the same name as the declin. 


E.X. 1. 


June 5tb, 1878, long. 29® E. 
at 12 *' P.M., obs. mer. alt. 0 below the pole 
3 38^ N., ind. corr. +2', height of eye 20 
feet : required the Latitude. 


Obs. Alt. 0 
Ind. Corr. + 2' ) 
Dip - 4 ( 

Refr. — ' 3^ I 

Semid. + 16 j 

True Alt. 
Supp. Zen. Dist. 
Decl. 

Latitude 


Ex. 2 . Nov. 13th, 1878, lat. 38 ® 7' N. 
at 12*' P.M., obs. mer. alt. 0 below the pole 
5 ° 37' S., ind. corr. —2', height of eye 30 
feet. 


22® 46' N. 

3® 38' 

—2 

Declin. Noon 

Corr. for i z*' add 8' ) 
98° W. add 4 
Red. Declin. 

18° 1 S. 

12 

18 13 S. 

3 36 

+3 

Obs. Alt. 

Ind. Corr. 

TableSS +2) 

5 ° 37' 

0 

3 39 

True Alt. 

_J_J 7 

9a 39 

22 46 N. 

Supp. Zen. Dist. 

Decl. 

9 *; 37 

18 13 s. 

70 53 N. 

Latitude 

77 24 S. 


8usn discovered to have been made, but the exi.stence of an error in the latitude was 

pected only from the circumstance of the ship being be.set with ice. 

^ n crossing the meridian of 180 ®, when the long, changes from W. to E., or from E. to 
The taken to change the application of the corr. of the declin. accordinglT. 

gleet of this precaution has been a fertile source of mistakes 
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685. Accurately, Reduce tlic dccliii. to the nearest second for 
the long., correct the refraction for the barom. and therm, and add 
the suii^s parallax. 

As the sun passes the meridian at O’" O'" 0* App. Time, the 
Greenwich Date may be deduced in App. Time by means of the 
long, in time, No. 576 (3). Or it may bo taken at once from the 
chronometer, in which case it will bo in Mean Time, as is supposed 


in Ex. 1, following. 

Ex. 1. March 20th, 1878, long, 1® 25* 
W., obs. mer. alt. 0 in the mercury 
bff 8' 10" bearing S., time by chron. 20'* 
oi« index error + t' 10", bar. 29'5 

inches, therm. 40°. 


0's Dccl. 20th 

o'" 5' 38 

"•7 s. 

21st 

0182 

A N* 

Daily Var. 

23 41 

*1 

13'" 12% var. 23' 41" 

- J2 

~6 

0 5 30 *7 S. 

Red. Decl. 

0 5 26 


Obs. Alt. 

69^^ 8' 

10"' 


+ 1 

10 


2)69 9 

20 

Ref. -i'2 5M 

34 34 

40 

Ther. + 2 > 
Bar. — I ) 

— I 

24 


34 33 

16 

Semid. 

+ 16 

5 

Par. 


7 

True Alt. 

34 49 

28 

Zen. Dist. 

55 lo 

11 N. 

Decl. 

0 5 

a6 S. 

Lat. 

55 5 

6 N. 


Ex. 2. June 20, 1878, long. 26° 5" E,, 
at midnight, obs. mer. alt. 0 in the f|uick- 
silver 26“ 26^20", index o^, bar. 29*8 inches, 
therm. 34^. 

Green. Date, A.T. June 20'' io*‘ 11;“ 40" 


Reduced Decl. 

23° 

Obs. Alt. 

26*" 26' 

zo" 


13 *3 

10 

Ref. — 4' 4' \ 

Ther. + 8 ) 

-3 

57 

Bar. - I ) 


‘3 9 

13 

Semidiam. 

+ 15 

46 

Par. 

+ 

8 

True Alt. 

13 25 

7 

Supp. Zen. Dist. 

103 25 

7 

Decl. 

23 27 

16 N. 

Lat. 

79 57 

S.N. 


Ex. d. July 27th, 1878, long. 2“^., 
obs. mer. alt.0 in the quicksilver 1 16^ 2' 30*, 
zenith N. ind. corr. +2' 15", bar. 30-0 inch., 
therm. 60^ ; required the Latitude. 

Green. Date (A.T.), 27'* o*“ 8™; Red. 
Decl. 19° 12' 17" N. ; IVue Alt. 57*^ 46' 4' : 
Lat. 51° 26' 13' N. 


686. When the altitude of cither limb of the sun is observed, 
and the alt. of the other limb (which will aj^pcar the same in tho 
instrument) is observed from the opposite point of the horizon (No. 
535), take half the diff. of these angles and add to it the correction 
of alt. ; the sum is the true zen. dist. 


[. 1. Aug. 5th, 1878 

, long. 25° W. 

Ex. 2. Oct. 20th, 

1878, long. 1° W. 

^bs. Alt. 0 N. 

115° 46'-3 

Obs. alt. 0 N. 

105® 

s' 

S. 

63 49*3 

S. 

74 

32 ’2 

Diff. 

5* 57 

Diff. 


32 *8 


25 58 *5 N. 


15 

16 *4 N. 

Corr. of Alt. 

+ *4 

Corr. of Alt. 


+ ’2 

Zen, Dist. 

25 58 *9 N. 

Zen. Dist. 

15 

1 6 '6 N. 

Red. Decl. 

16 56 '3 N. 

Red. Decl. 

10 

i 3'9 S. 

Lat. 

41 55 N. 

Lat. 

4" 

52*7 N. 


Thus it apj^ears that this observation, which is tho most eflSciciit 
in practice, is also the shortest in computation. 

Ex. July 1 5th, 1878, alt. 0 N. 93° 58', S. 85° 38', long. 71° W. Lat. 25° 39'*7 
Ex. 4. July 4th, 1878, alt. 0 N. 81*^ 59^ S. 97'’ 40', long. 83° X-at. iS"* s'* 7 
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2- Meridian Altitude of a Star or a Planet.^ 


687. The Observation is the same as for the sun, hut it is still 
more necessary to take separate altitudes of a star in order to avoid 
straining the eye to perceive its small rise or fall when near the 
meridian. See No. 542. 

688. The Computation. At Sea. (1.) Take the deck either from 
the Nautical Almanac, or, in the case of a star, from Table 63. 

(2.) Correct tlic alt. for index-error, dip, and refraction. No. 652. 
Find the zenith dist. and proceed as for the sun. 


Ex. 1 . May 15th, 1878, obs. mer. alt. of 
Spioa 33® 17' S. index error +1' 20", eye 
30 feet. 


Ohs. Alt. 

Index err. + 1' ) 

43''' 

17' S. 

1 1 


-5 

True ‘Alt. 

33 

12 S. 

Zen. Dist. 

56 

IJn. 

Star’s Decl. 

10 

32 s. 

Lat. 

46 

16 N. 


Ex. 2 . April 9th, 1878, p.M. long. 126° 
W., obs. alt. of Mars 49® 20 N., index 
corr. + 3', eye 16 feet. 

In N. A. page 244, the M.T. of mer. pass, 
of Mars is Aug. 9’ 3’' 36"*. The Green. 
Date is Aug. 9*^ ia’> and the Red. Decl. 
is 23° 39' N. 


Obs. Alt. 

Index Corr. -f- 3' 1 

49® 40 ' N. 

Dip -4 1 

Ref. - 1 ) 

— 2 

True Alt. 

49 

Zen. Dist. 

40 42 S. 

Red. Decl. 

23 39 N. 

Lat. 

>7 3 S. 


Ex. 3 . Dec. 2ist, 1878, obs. mer. alt. Aldebaran 50° 27' N. ; height of eye 20 feet: 
lequired the Latitude. Lat. 23*^ 22' S. 

Ex. 4 . Jan. ist, 1878, obs. mer. alt. Sirius 81° 13' S., ind. corr. — 4'» height of eye 
18 feet : required the Latitude. Lat. 7" 38' S. 

Ex. 5 . Feb. 18th, 1878, obs. mer. alt. Canopus 37^ 25' S., ind. corr. +2', height of eye 
16 feet: required the Latitude. Lat. 0° o' 

Ex. 6. Feb. ist, 1878, obs. mer. alt. Arcturus 80® 12' N., ind. corr. +4', height of eye 
18 feet : required the Latitude. Lat. 10° 1' S. 

Ex. 7 . Feb. i8th, 1878, obs. mer. alt. a Lyrce, below the pole, 12° 30', ind. corr. + 2', 
height of eye i8 feet : required the Latitude. Lat. 63*^ 44' N. 

Ex. 8. Oct. 6th, 1878, long, 87° W,, obs. mer. alt. Mars 57^ 45' S., index corr. —a', 
height of eye 18 feet. Lat. 30° 15' N. 

Ex. 9 . July 6th, 1878, long. 178° E., obs. mer. alt. Jupiter 57° 50' S., index corr. 4* 3', 
height of eye 20 feet. Lat. 13^ 2' N- 

Ex. 10. Jan. 6th, 2878, long. 169° W., obs. mer. alt. Venus 69° 54' S., index corr. — i 
height of eye 15 feet. Lat, 9*^ is' N. 


689. Accurately. Take the decl. from the Nautical Almanac, 
For a planet find the Gr. Date, and reduce its hor. par. and dock 
Correct the refraction for tlie thermometer and barometer. 

690. Stars which never set at the place may be observed both 
iibove and below the pole. In this case the latitude is half the sum 

the altitudes corrected for refraction. 

691. If two stars are observed on the meridian, on differont sides 

and at equal altitudes, the result is independent of the 
detraction, unless it clianges in the interval of the observations. If 
le altitudes are not equal, the result involves only the difference of 
be refractions proper to each. 


* Venus may often be o]>served by daylight, eveu in high latitudi s. 
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3 . Meridian Altitude of the Mootu 


692. The Observation, The same as for the sun. See No. 640. 

693, The Computation. At Sea. (1.) Find the Green. Date by 
means of the time at ship ; or, if tliis time is uncertain several minutes, 
find the M.T. of the moon’s iner. pass.. No. 627, &c. Reduce thereto 
the moon’s dec!.. No. 589, lier hor. par., and take the corresponding 
semid. from Table 40, all to the nearest minute. 

(2.) Correct the observed alt.. No. 654, and proceed as for the sun, 
No. 683 (3). 


Ex. 1. Nov. 3d, 1878, lonp; 150° 15' E., 
at 7^* 7“ p.M. mean time at ship, obs. alt. ^ 
4.5® 13' S., height of eye 16 feet. 

M.T.S. Nov. 3‘» 7^ 7“ ^ 

Long, in time —10 i E. 

M.T.G. Nov. 2 ai 6 


3*s Decl. at 21'* 

14° 47' 45" S- 

6™, var. 1 1 9" 

— 1 ! 1 

Red. Decl. 

14 46 34 s. 

Ilor. Par. 

54' 50" 

Semid. 

14 58 

Obs. AJt. Jl 

45’" J3' 

Dip -4 1 

+ 1 1 

Semid. + 15 / 



4 r *4 

45° 20', and II.P. 

55' 43^ 

True Alt. 

46 2 

Zen. Dist. 

43 S*N. 

Decl. 

14 47 S. 

Lat 

. 39 II N. 


Ex. 2. May 20th, 1878, a.m. long. 114® 
W., obs. mcr. alt. "JT 4^® 48' S., height 0/ 
eye 1 8 feet. 


Moon’s IMer. Pass. 

19'* 15^* 12“ 

Corr. for Ijong. 

+ ib 

M.T. Mer. Pass, at ship 

19 15 28 

Long, in time 

7 36 

M.T.G. May 

19 313 4 


2)*s Dccl. at 23** 
4"», var. 69" 

lied. Decl. 

Hor. Par. 
Semid. 


24° 34' 22" S. 



24 34 14 S. 

56' 33" 

IS 26 


Obs. alt, "y 
Dip ~ 4'“! 

Semid. —16 / 

48° 30' and H.P. 57' 
True Alt. 

Zen. Dist. 

Decl. 

Lat. 


48® 48' 
— 20 


48 28 
+ 3 7 

40 55 N. 
16 21 N. 


Ex. 3. Dec. 2ist, 1878, a.m. long. 149'^ 
VV., obs. mer. alt. J) 84° 9' N. index corr. 
♦ %'f height of eye 14 feet. 

Lat, 31® 14' S. 


Ex. 4, Aug. lotb, 1878, p.M. long. 134° 
E., obs. mcr. alt. 59° 44' N., index corr. 
— i', height of eye 18 feet. 

Lat. 53'’ 48' S. 


It will in general be loss of time to work nearer than to mimites, 
because the moon’s declination cannot be found to seconds unless tlie 
Greenwich time is known with precision.* 

694. When both the upper and lower limbs are well defined, the 
suppl. of the alt. can bo obsei-ved, and the precept No. 683 a])plie(L 
Wlien only one limb can be observed, the semi-diameter must be 
applied. 

695. Degree of Vependance. The error of the resulting lat. is 
obviously the sum or difference of the errors of alt. and decl. The 
lat. by the sun at sea may be depended upon within 2' or less, that 
by the moon not so nearly, and the lat. by a single star in a dark 
night perhaps not ,within 3' or 4'. 


* Also as the moon at certain times changes her declination very rapidly, or 17' an 

her mer. alt. may differ considerably from maximum alt. ; and an interval of save 
minutes may occur between these two altitudes. See note f, p. 226. 
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Lrrors of observation or of the instrument may be removed by 
employing celestial bodies of nearly equal altitudes N. and S. of the 
zeiiith.* (See No. 099.) 

It may in general be considered that the lat. by mer. alt. is not 
decisively determined unless alts, on both sides of the zenith have 
been employed. 


II. By the Reduction to the Meridian. 

696. When the sky is cloudy, or the weather variable, the sun or 
any other celestial body, though obscured wlien exactly on the meri- 
dian, frequently appears, for short intervals of time, both before and 
after the meridian passage.+ 

When the body is near the meridian, the change of alt. in a small 
[)ortion of time is very small; and though the altitude near the 
meridian changes at a different rtite in different latitudes, yet the 
change of a ItUude in a given small interval is not sensibly affected by 
a change of several miles in the latitude, and therefore it may be 
computed with tolerable accuracy, even when the lat. by account 
(which is used in the computation) is considerably in error. If, ac- 
cordingly, at the time of observing an alt. near the meridian, we 
know the hour-angle, we may find very nearly, by compulation, the 
difference of alt. by which to reduce the observcMl alt. to the mer. alt., 
and which is thence called the Reduction to the Meridian, 

This method is, in point of simplicity, but little inferior to the 
meridian altitude, to which it is next in importance ; and it particu- 
larly demands the attention of seamen, because, when the latitude 
by observation is left, as it too generally is, to the casualty of obtain- 
ing the nierid. alt., it is frequently lost for the day. 

697. The term “near the meridian” implies a meridian distance 
limited according to the lat., the deck, and also the degree of precision 
'vith which the time is known. The Limits are given in Table 47. 
See also Explan, of the Table. 

698. Since the lat. by acc. is employed in computing the Reduc- 
tion, it may be necessary, when this lat. has been found to be much 
in error, to repeat the work. 


Though the lat. by a single star may not be very correct, yet the error will in general 
“e much less than that of the D.R. Tlie altitude of a star also affords a certain check 
%'ainst the mistake of aj)plying the sun's declination the wrong way ; and it may be 
J^marked, that a single observation of the kind would have prevented all the delay, wear and 
and danger incurred in the cases mentioned in the note p. 220, from the ships being so 
their proper latitudes. 

t Capt. Sir Richard Grant remarks that in II.M.S. Cornwallis, alts, of the sun and 
srs were rarely to be obtained while within the limits of the Gulf Stream, but they had a 
gbmpse of the sun near noon once in two or tlirce days. — Nautical Magazine, 

*0.58 p. 437^ 
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I. Reduction to the Meridian at Sea. 

[1.] By the Sun. 

699. The Observation. When the sun is within the limits in 
Table 47, observe two or three altitudes,* quickly, noting the times. 

When the alts, are not observed very close together, either a 
separate result should be obtained from each alt. with its corre- 
sponding time, or the case should be solved by No. 727. 

700. The Computation. (1.) Take the mean of the alts, and the 
mean of the times. 

(2.) Find the sun’s hour-angle, or the time from noon, thus: 

1. When the App. Time has been lately determined by observa- 
tion. If the ship has since made westing^ subtract the diff. long, made 
good from the A.T. found ; if she has made easting, add the ditf. long, 
to tlie A.T. : the result is the A.T. required. 

2. ^V^lleu the A. T. lias not been lately determined by observa- 
tion. Find A.T. by the chron. and the long, by acc., thus: To tlie 
G. M.T. (found by apjdyiiig to the chron. the gain or loss up to tlio 
time) reduce the Eq. of T. and apply it to the G.M.T., as directed 
page II. of the Nautical Almanac, or the contrary way to that directed 
in Table 6*2 : the result is A.T. at Greenwich. In W. long, subtract 
the long, in time from this Gr. T. (increased, if necessary, by 24'‘); 
in E. long., add it : the result (rejecting 24’' if it exceed 24‘‘) is A/F. 
at ship. 

When the A.T. of observation is p.m., it is the hour-angle re- 
(jiiired; when it is a.m., subtract it from 24’’: the rem. is the hour- 
angle. 

If A.T. is near 12’’, subtract it from 12’’ ; if it exceed 12’’, reject 
12’’: the rem. is the hour-angle from midnight. 

Find the sun’s deck, No. 579. 

(3.) Correct tlie alt.. No. 647. 

(4.) Add together the logarithm from Table 70 and the log. sine 
square of the hour-angle: the sum is the log. sine of the lieduction. 

(5.) Add the reduction to the true alt., unless the observation is 
near midnight, when subtract it : the result is the mer. alt. at tlic 
place where the alt. was observed ; and the resulting lat. is the lat. 
of the ship at the time of observation (not at noon). 

Having the riier. alt., proceed by No. 683 (3). 

Ex. 1. Aug. 5th, 1826. n.M..S. Levc;ii, lat. by acc. 47'^ N.; long, by acc. 25®W. at 

I i'" 48* before noon ; obtained true alt. 0 63" 54' to tlu; southward : required the lat. 'Jh^‘ 
reduced decl. was 17'^ 4' N. 

Lat. 47", deel. if ' {same name) 0-416 Mer. alt. 64° o 

1 1 "'48'* sine sq. 6-821 Zen. dist. 26 o N. 

Red. o" 6' sin. 7*237 Red. decl. 4 N. 

63 54 Lat. 43 4 N. 

Mer. alt. 64 ' o Repeating the work gives 43*^ f 

* As more than one altitude would, for greater security, always he obtained when pcj*- 
sibh;, wr shall, to avoid repetition, consider the term “ altitude’^ in the subsequent rules ;ui'^ 
examples, as implying tlie mean of two or more altitudes eorrespomling to the mean 01 

tllULg. 
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Ex. 2 . Lat. 55'’ 6 ' N., 0 ’s dccl. zo° 4' S.f at o‘' 54"' ia‘ p.m., sun’s true alt. 14" 1' S. : 
required the Latitude. 

The Red. is 0° 54', mer. alt. 14° 55', and the Latitude 55° I'N. 

Ex 3 . Feb. 23d, 1878, lat. by acc. 40® 5' S., long. 132® E., at ii** 45™ 20“ a.m., obs. alt. 
0 59® 40' N., index corr. —2', eye 20 feet : find the Latitude. 

Red. dccl. 9® 54' S., true alt. 59® 49', Red. 1 1', Lat. 39® 54' S. 

Ex. 4 . Dec. I2th, 1878, lat. by acc. o® o', long. 162® W., at o’* 11“ 52“ p.m., obs. alt. 0 
66® 34' S., index corr. —5', eye 16 feet: required the Latitude. 

Red. decl. 23® 7' S , true alt. 66° 4I^ Red. ii', Lat. o® i' N. 

Ex. 5 . June 21st, 1878, lat. by acc. 42® 18' S., long 53° E., obs. alt. I.1I23® 41' N, 
index corr. — i', eye 14 feet; time by watch o** 50“ 53* p.m., fast on A.T. 14®“ 28% diff. long, 
made since 20' E. ; find the liutitudc. 

Red. decl. 23° 27' N., true alt. 23° 50', Red. 35', Lat. 42® 8' S. 

701. When the number of minutes of arc, in the Reduction, 
exceeds the number of minutes of time from the meridian, it is’ 
proper to refer to Table 48, to ascertain if it be necessary to employ 
tlie Second Reduction. 

Ex. 1 . (The preceding.) The number of min. in the Reduction, or 6, being less than 
the number of min. of time, or 11, it is not necessary to refer to the Table. 


To Compute the 2d Red. Double the log. sine of the Red. ; add 
to it the log. tan. of the mer. alt. found, and the constant 9*6990 : the 
sum (rejecting tens) is the log. sine of the 2d Red. 

This is to be subtracted from the 1st Red. (above the Pole), that is 
applied to the alt. the contrary way to that of the 1st Red. 


Ex. 2. May 5th, 187H, lat. acc. 5® 3 N., long. 71® 10' E ; time by watch 5’' 3“ 7* p.m., 
fast on app. time at ship 4'* 47''* 27“; obs. alt. 0 77® 59' N ; height of eye 16 feet. 


Time by Watch 5*^ 5^' 3™ 7* 

Fast — 4 47 27 

A.T.S. 5 o 15 40 

Long, in Time — 4 44 40 

A.T.G. 4 19 3i o 

Dccl. 16® i'n. Obs. Alt. 77® 59' 
Corr. 14 Tabic 38 +12 

Eed.Dccl. 16 15 N. True Alt. 78 ii 


Lat. 5®, Decl 

i6i® {same name) o’qqz 

0>i i^ii> 

4 o>‘ 

sin. sq. 7*067 

True Alt. 

39' 

78 11 

sin. 8 059 
2 

Mer. Alt. 
Zen. Dist. 
Decl. 

Lat. 

78 so 

— I 

78 49 

II n S. 
16 1 <) N. 

5 4N. 

6*1 1 8 
tang. 0-703 
const. 9 ’699 
sin. 0-522 


Ex. 3 . Jan. 6th, ’878, a.m., lat. ace. i® 10' N., long. 58® E., at S*’ 4"* W‘'iR'h, 

3‘* 36™ 28® slow on A.l\, long, made since 23' W. ; obs. alt. 0 65® 13' S, height of eye 
*6 feet : required the Latitude. 

Red. decl- 22® 30' S., Red. 31', 2d Red. o\ Lvt. i® 34' N 

Ex, 4 . Sept. 15th, 1878, lat. acc. 4® 58' S., long. 110° W., at o** 11™ iq* p.m. A.T. 
whb.alt. 0 81® 33' N., index error —2', eye 16 feet : find the Latitude. 

Red. decl. 2 Red. 30', 2d Red. 1', Lat. 4' 6' S. 
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702. If a second altitude, some time after the first, do not confiriiit 
the lat., the time is probably in error. In such cases the mean lati- 
tude is not to be taken as the true latitude, because that result which 
is nearest to the meridian is the best. 

If the time only is in error, it will be easy to find, by trial, that 
time from noon which will make the two results agree ; and thus 
this observation may serve to correct, approximately, the error of 
the watch. When the interval, however, between the alts, amounts 
to 6"* or 8™, the case should be solved as a Short Double Altitude^ 
No. 720. 


[2.] By a Star^ a Planet^ or the Moon. 

703. Compute the hour-angle: this must be done by means of 
the time at ship, by No. 611 or 612. But in general it will be better 
to observe the alt. of a star nearly E. or W., and to deduce its hour- 
angle, as directed in No. 737. 

In other respects proceed as above directed. When the deck 
exceeds 24®, the log., Table 70, must be computed. 

704. Degree of Dependance. The error of the result is composed 
of that of the mer. alt., No. 695, together with that of the com- 
puted Red., which latter, when well within the limits of Table 47, 
will rarely be worth notice. 

2. Circummeridional Altitudes. 

705. On shore, when the time is accurately known, or even at 
sea under favourable circumstances, the result of several altitudes 
may be obtained by a computation wliich is the same in principle 
as the preceding, and is of much greater value than that of any single 
observation on or near the meridian. 


[1.] By the Sun. 

706. The Observation. When the sun is within the limits in 
Table 47, observe altitudes as fast as convenient, noting accurately 
the times by watch, of which the error on Apparent Time must be 
known or found as soon as possible afterwards. 

When precision is required, note the barometer and thermometer. 

707. The Computation. (1.) Find the Green. Date for noon at 
the place, in app. time, and reduce the deck If the error of the 
watch is given on M.T.. reduce also the Eq. of Time. 

(2.) By means of the error of the watch obtain A.T. at each 
altitude. To these App. Times take out the Reduction in seconds 
from Table 49. Take the mean of the Reductions. 

(3.) Find the meRn of the alts., and correct it, No. 649 or 650. 
If the meridian alt. is not observed nearly, deduce it. No. 663, &c. 

(4.) Add together the log. of the mean Reduction, the log. cos. 
of the lat. by acc., the log. cos. of the deck, and log. sec. of the mer. 
alt. : the sum is the log. of the Reduction. 
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^6.) Xtnoon^add the Reduction to the mean alt.; oX midnights 
jubtract it : the result is the mcr. alt. 

Ex. I. July 9th, 1836, lat. by acc. 51° 49^ N. ; long, o*' 3'"W. ; obs. alts, of the sun’i 
lower limb, near noon, by a sextant. 

Times, by Watch. Double Alt. Q 

iih 58"' 21* 120^ 28' o'' At II** 55*" I* by watch, 

o o 47 120 30 30 the watch was 2"' ic*-9 fast 

o 3 40 120 32 37 on M.T., and at o‘* 44"* 51* 

o 25 46 120 7 o it was 2"* 8*‘7 fast, 

o 30 39 1 19 51 40 

Ind. corr. +54", barom. 29’8 inches, therm. 66°. 

The observation being at noon in long. o*‘ 3“* W., the Gr. Date is July 9th, o'* 3“, app. 
time. 

The reduced Eq. of T. is 4™ 49* 4, sudtr. from M.T. ; red. decl. 22° 21' 11" N. 


^ 2*6092 

Lat. cos. 9*7911 

Decl. cos. 9*9661 

M. Alt. sec. 0*3079 

472"*4log. 2*6743 

472" = 0° 7' 52" 

60 24 42 
Mer. Alt. 60 32 34 
Zen. Dist. 29 27 26 N. 
Declin. 22 21 ii N. 
Lat. 51 48 37 N. 

708, To compute the 2d Reduction. 

Take from Table 50 the 2d Reductions (these will be sensible 
in the larger hour-angles only), and divide the sum by the whole 
number of altitudes. 

To twice the sum of the three logs, used before (namely, hit., 
deck, and alt.) add the log. of the mean of the 2d Reductions; the 
sum is the log. of the 2d Red. required. 

Ex. (Ex. I preceding.) 23"' 39* 2d R. 2''*9 Slogs. 0*0651 

18 46 I *i 2 

5) 4 *0 0*1 302 

o *8 log. 9*9031 

2 d Red. i"*o 8 log. 0 0333 

Subtracting i"*i from 7' 52^*4 gives the lat.. omitting decimals, 51° 48' 38". 

709. When the declin. changes considerably, take the difference 
between tlie sums of the Eastern and Western hour-angles, in deci- 
nials of an hour; multiply it by the hourly diff. of declin., and divide 
by the number of altitudes. 

When the sun is approaching the elevated pole, if the E. sum is 
fbe greater^ add this quotient to the Red. ; if the lesser^ subtract it. 
When the sun is receding from the elevated pole, the contrary^ 


Error on Ap[>. T. 


T. by W. 

ii‘* 

55 " 

1 ]> 

Fast 


2 

11 

M.T. 

11 

5 ^ 

50 

Eq. of T. 

- 

- 4 

49 

App. T. 

II 

48 

I 

T. by watch 

11 

55 

I 

W. fast on A.l 


7 

0 

Sum of Alts. 

601° 

29' 

47'' 


120 

17 

57 



+ 

J.1 


120 

18 

_ 5 j 


60 

9 

^5 


+ 

15 

-11 

Mean Alt. 

60 

^5 

10 


Approx. Mcr. Alt. 60 32 


App 

». Times 

Reductions 

Il‘‘ 

51" 

‘'21».... 

146' 

'•9 

11 

53 

47 

75 

*9 

II 

5^ 

40 

21 

•8 

0 

18 

46 

691 

*i 

0 

23 

39 

1097 

*2 


5 )_ 2 ^: 3^'9 
406 *6 I( 

60° Refr. 33" 

Par. — 4 

Mean Corr. 29 
Th. 61°, \ 

Alt. 6o°,-o"*9[ 

Bar. 29*8, — o *2 ) — I 

True Corr. 28 

60 25 10 
True Alt. 60 24 42 
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Ex. 2. May ytli, 1847, lat. by acc. 55° i' N., long. o*> 6“ W., obs. alt. of sun’s alternate 
limbs in the quicksilver, near noon, with the circle ; bar. 29*6 inch, therm. 52°. 


Times by W. 
Ijh 330124'* 

II 43 3 

II 46 38 
II 50 13 
II 52 33 
II 54 ay 
II 57 15 
II 59 21 
065 
o 7 19 

9 37 
o II 53 
o H 5 
o 17 17 
O 21 27 
o as 33 


During the observation the angle 
was carried twice quite round the limb, 
and the final angle registered was 

211° 59' 30" which 

Increased by 1440 o o gives 

Total Angle ) , 

Measure j * 5* 59 3® 

The error of watch at noo.^, as de- 
termined by equal alts., was 2*'* 3**o 
fast on A. T. 


The obs. being made at noon in 
long. 6‘“, the Green. Date is May 
7th, 6“ in App. Time. 

Smi’s Decl. at Green. Date, 16^43' i" N. 

To find Approx. Mer. Alt, 

Decl. 16° 43' 



106 43 
Lat. — 55 I 
Mer. Alt. 51 42 


Sum of Alts. 1 6) I 

651° 

59' 

30' 


J03 

14 

i! 

Obs. Alt. 

0 

37 

12 

True Alt. 

51 

36 

12 


App. Times Reductions 2d Reds 

llh 36“‘2I'‘... 1097*2 2"*9 

II 41 O ... 708*3 I '2 


o 23 30 ... 1083*3 a *8 

Sum 5817*4 16)9 ‘6 


To find the Effect of a Change of Dcclin. 
The Sum of the E. H.-ang. is 97'" 30* 
Do. Western do. 94 53 

Dilf. of E. and W, H.-ang. 2 37 
Or *05'* 

Hourly Diff. 4r32> 

16) 2*o66o 

•13 


Do. -m6 363*6 log. 2*5606 o *6 log. 9*778 If 

Lat. 55"^ i' cos. 9*7584 ) 

Decl. 16 43 003.9*9812! 9*9474 
Mer. Alt. 51 42 sec. 0*2078 ) 2 

322*2 log. 2*5080 9*8948 9*8948 

322"= 5' 22'' ad Rod. 0*5 log. 9*6729 
Alt . 51 36 4 9 

Mer. Alt. 51 42 ii, and Lat. 55° o' 50" 


Effect of Change, Dccl. is o"* 13 only. | 

710. The rate of the watch must he allowed for in deducing each 
hour-angle. In the case of the sun the rate should be found upon 
A. T., but it is of course near enough for this purpose to employ 
M.T. 

711. An error in the absolute time affects all the hour-angles 
alike, but it produces the greatest errors in the greater Reductions.# 
The higher the altitude, the greater is the precision required in the 
time. 

When tlie time is inaccurate the Reductions on one side of the 
meridian will be too great, and on the other too small ; if, therefore, 
the altitudes p.m. be taken so as to correspond nearly with those a.m. 
the errors of the Reductions will very nearly compensate. 

This distribution of the altitudes, by equalising the 11 umber of 
the hour-angles a.m. and p.m. has also the advantage of neutralising 
tlie effect of a change of declination. It is proper, moreover, to 
multiply the observations near the meridian, in order to weaken, by 
subdivision, tlie small errors to which the outer reductions may be 
liable. 

712. The effect df irradiation^ or the increase of the sun’s appa- 
rent diameter caused by the extreme brightness, and which may 
amount to 5'^ or 6'' (Dr. Robinson on Irradiation, “ Mein Roy. Ast 
S(>e.’' vo). iv.), is removed by olwerving hoth Iiijd>s. 
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[2.] By a Star or a Planet, 

713. The Observation is the same as for the sun, No. 706. 

714. The Computation, (1.) Having tlic error of the watch on 
M.T., find the Greenwich Date. Reduce thereto the Sidereal Time 
at mean noon, and also the R.A. and dccl. ; and for a planet, the 
hor. par. 

(2.) Find the hour-angle at each alt. and proceed as for the sun. 

When the watch shews Sid. Time, the hour-angles are obtained 
at once. 

715. The stars near the poles, and especially the pole-star, are 
the best adapted to this observation ; because, from the slowness of 
the motion in altitude, an error of time produces but little error in 
the Reduction. 

716. Errors of altitude, of whatever kind, are removed by em- 
ploying two bodies on opposite sides of the zenith, and at equal 
altitudes. A single result, even though obtained with the circle, and 
without the roof, cannot accordingly be considered definitive when 
extreme precision is reqiiired. 

717. Degree of Dependance, This is described in No. 704. 


III. By Double Altitude of the Same Body. 

718. Two altitudes, of the same or different celestial bodies, with 
the interval of time between them, constitute an observation which 
is called a Double Altitude.* The interval may extend from a few 
iiiiriiites to several hours. 

719. When a double altitude of the same body is taken, the 
precepts below will be convenient in directing the method of solution 
proper for the case. 

Also, when a first altitude has been obtained, the observer will 
find, on referring to the numbers indicated, under the heads Observa- 
tion and Limits^ instructions how to complete the observation in the 
manner adapted to the circumstances. 

Selection of the Method of Solution. 

When both alts, are not far from the meridian, on the same side, No. 729 ; on different 
sides. No. 731 ; in a doubtful case, No. 728. 

When one alt. is near the meridian, No. 737. 

When neither alt. is near the meridian. If the lat. by acc. is not f^reatly in error, No. 
746. If it is greatly in error, or if it is proposed to do without it, No. 7. '>7. 


* This is the old-established term ; it is, however, defective, inasmucli ns the word double 
means twice the same. Since the process involves two altitudes used in combination with 
one another, the term which would naturally suggest itself is Combined Altitudes ; we should 
then have, accordingly, combined altitudes of the same or different bodies, and of long or 
Bhort intervals. This term, therefore, which is accurate as respects definition, would be clear 
find descriptive in use. All changes in nomenclature, in this subject, however, must be mad^ 
caution. 
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1 . Short Double Altitude, 

720. When the time is not known with some degree of precision, 
the Reduction to the meridian cannot be computed. In such cases 
recourse must be had to two altitudes separated by a short interval, 
end not very distant from tlie meridian. 

721. The change of altitude in a small interval of time (No. 696) 
depends chief!) on the lioiir-angle or meridian distance, and is nearly 
the same for a considerable diTercnce of latitude. Although alti- 
tudes at sea are always more or less uncertain, yet difference of alt. 
may often be obtained with much precision. If, therefore, the dif- 
ference of alt. in a small interval of time be measured by an instru- 
ment, the hour-angle corresponding may be found by computation. 
The Reduction to the meridian being then computed for this hour- 
angle, the latitude is obtained by the method in the last section. 

722. The error of the watch is immaterial, but its rate should be 
known nearly enough for measuring the interval without iiiucli 
error. 

723. When the altitudes are observed at different places, it is 
necessary to allow for the ship’s run in the interval. 

724. Since the lat. by acc. is necessary in coin])uting the Reduc- 
tion, the work should be repeated when this lat. is found to be very 
erroneous. 

726. Limits, When both alts, are taken on the same side of the 
merid., if the outer alt. fall near the limits in Table 47, the Interval 
should exceed one-fourth of the time of that alt. from noon, and 
should not be less than 5™. The observation may be comprised 
within double the mer. dist. implied in Table 48, 

When the alts, are taken on different sides, the Interval mav 
vary from 5"* to twice the limit in Table 47. 


[1.] By the Sun. 

726. T7ie Observation, Observe an alt.* and note the time. 
Note the sun’s bearing for the purpose of allowing for run. After 
the proper interval, No. 725, observe the second alt. and bearing, 
noting the time. 

727. The Computation^ (1.) Subtract the first of the two times 
from the second (increased if necessary by 12**); the rem. is the In- 


* Two only, or at most three, altitudes taken in quick succession would be employed in 
observations with a short interval. 

t Tlie Urst work in which a method occurs of finding the latitude by two altitudes 
observed near the meridian (but restricted to the same side) with an interval of a few 
minutes, is the “ Cours d’ Observations Nautiques,'' by Ducom. The advantage which 
Admiral W. Owen acquainted me that he had derived from the practice of this method 
led me to give an account of it in the “ United Service Journal, vol. x., together with a 
rule for adapting it to longer intervals. Soon after the account appeared, Commander 
Graves, cc’mmanding H. M. surveying- vessel Mastiff, was enabled, as he informed me, by 
this observation, to run direct for Malta before the coming on of a grecale, or N. R 
which another ot Her Majesty’s ships was exposed. 
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tenral. Reduce the decliu. for the time of the alt. nearest the mer.. 
No. 579 ; or to the middle of the interval (that is, to noon) wnen the 
alts, are equal. 

(2.) Correct the altitudes. No. 648 or 649. Also correct the 
Interval by watch for tlie rate, if this is very larj^c. 

When the sun is rising or falling at both observations, proceed 
by Case I., No. 729; when rising at one observation, and falling at 
the other, proceed by Case II., No. 731. 

728. When sufficient time is not afforded to perceive the rising 
or falling of the sun, and when it is not known otherwise whether 
the altitudes are taken on the same or on different sides of the 
meridian, proceed thus : 

Consider the interval* as a time from noon; and compute the 
Reduction to it; then. 

If the Reduction is less than the diff. of alts., the obserrations 
are on the same side ; if the Reduction is the greater, they are on 
different sides. 

Hence, if the Reduction is equal to the diff. of alts., one of the 
alts, is the meridian altitude. 

No great precision is to be expected, as the rules are only 
approximate. In a doubtful case use cither. 

729. Case I. Tlie observations on the same side of the meridian. 

(1.) When the alts, are both a.m. reduce the 1st to the place of 

the 2d, No. 661 ; when they are both p.m. reduce the 2d to the place 
of the 1st, No. 662. t Find the diff. of the alts, and their mean. 
Correct the diff. alts, and the interval by the Table, p. 205. 

(2.) Add together the log. sine of the diff. of alts., the log. cosec. 
of the interval, the log. sec. of the lat., the log. sec. of the deck, and 
the log. cos. of tlie mean alt. : the sum (rejecting tens) is the log. sine 
of the hour-angle, approximately, at the middle time between the two 
observations. 

(3.) From this time subtract half the interval: the remainder is 
the time from noon of the altitude nearest the meridian. 

(4.) To this time compute the Reduction, which apply to the alt. 
nearest the meridian, and proceed by No. 700 (5) : the result is the 
latitude at the time and place where the alt. nearest the meridian 
was observed. t 


* It is proper to remark here, that the interval between two observations of the sue 
should, in strictness, be measured in apparent time, instead of mean time, which is shewn bj 
the watch. To correct the interval on this account, find tlie change of the Eq. of T. for the 
interval. When the Eq. is additive, if it is increasing, subtract the change; if decreasing, 
udd it; and the contrary when the Eq. is subtractive. In the short double alt., however, 
this correction is insensible, and in long intervals the result is of so inferior a kind that 
the trifling accuracy gained by this process can rarely be worth the trouble bestowed 
upon it. 

t This reduction is of particular consequence in this observation, because the accuracy of 
the result depends on that of the difference of altitudes. 

t This observation, which affords the latitude, the app. time near enough for common 
purposes, and thence an approximate long, by chronometer, with the azimuth (No. 678), and 
consequently the variation of the compass, will, it is presumed, be found one of the most 
Useful observations that can be made at sea, especially in high latitudes. 
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Ex. 1 . Oct. 9th, 1878, A.M., lat. acc. 34*’ 55' N., long. 61° W., had following obs. : 
height of eye 16 feet, ind, corr. + 3'. 


T. by Watch 

Ijh 

Alt.Q 

46“ 47' 

50' 


Ditto 

11 43 4 

1 Ind. corr. + 3 



Alt. Q.47° 57' 

Interval 

30 12 i 

j Table 38 + 1 1 


_ 


Half Int. 

*5 6 


47 * 


+ 11 




Greater Alt. 48 1 1 

Dcol. noon 

6®i9»6. 






Corr. 61° W. 

+ 4 






Red. Decl. 

6 23 S. 






D. Alts. 

1® 9' 10' 

sine 

8*3036 



Lat. 35®, decl. 

Int. 

30"* 12* 

cosec. 

0*8814 




Lat. 

34 ° 55' 

see. 

0*0862 




Decl. 

6 23 

sec. 

0*0027 



Greater Alt. 

Alt. mean 

47 36 

cos. 

9*8289 



Mcr. Alt. 

Mid. T. 

29'" 8» 

sine 

9*1028 




1 Int. 

15 6 





Red. Decl. 

T. fr. noon 

14 2 (of the greater alt.) 



Lat. 


48° 

ii' 

0" 

47 

I 

50 

95 

12 

50 

47 

36 

21 

I 

9 

10 


Mean Alt. 
Diff. Alt. 


Table 70 0-39* 

14'" z" sin. sq. 6*972 
S' sin. 7*363 


48 19 

41 41 N. 
6 23 S. 


35 liiN. 

(The Red. for the interval 30*" 12* is 37^ which being less than 69', shows the observa- 
tions to be on the same side of the meridian, if this were doubtful. No. 728 .) 

The 2d Red. is not worth notice. Repeating the work gives 35° j8' N. 


Ex. 2 . Aug. 4th, 1878, lat. acc. 41° 54' N., long. 39° W., obtained true alt. © 63° 57'*5 ; 

after n*** 12“ true alt. 64^^ 32'*5 (allowing for run). Red. decl. 17^12' N. ; mean alt. 

64® 15'; diff. alts. 35'‘o. 

Lat. 42® N., decl. 17® N. 0*527 

23'»>4o* sin. sq. 7*425 

o® 31' sin. 7*952 

64 33 

65 4 

Whence Lat. 42® 8' N. 

The 2d Red. is not worth notice. 

(The Red. for ii‘“ 12' is 6'*9, which is less than 35^*0. See No. 728 .) 

Ex. 3 . Aug. nth, 1826, a.m., lat. by acc. 47° N., long. 13® W., obtained true alt. © 
55° 4i'’9, bearing S., course E. by N. 7 knots ; after 12"' 14* obtained true alt. © 56 ' 37'-9 
ist alt. corrected for run, 55® 41^*6, mean alt. 56° 1 1', diff. alts. 56'*3, reduced decl. 15® 23' N 
Corrections, p. 205, o. 

The mid. time from noon is i*‘ o™ 14*. Reduction 2° o', mer. alt. 58® 34^'. Lat. 
46® 48i' N. 

The 2 d Red. by Table 48 , alt. 58®, is i' for Red. i® S., and therefore for Red. 1° 54' it 
exceeds 1'. 


35 o 
II'" 12* 

41° 54' 

17 12 

64 '5 
Mid. T. 29*" i6» 
4 lilt. —5 36 
I3 40 


sin. 8*0078 
cosec. 1*3111 
sec. 0*1282 
sec. 0*0199 
00s. 9*6379 

sin. 9*1049 


730. Degree of Dependance. The smaller the hour-angle, tlie 
less is tlie effect of error in the D. alts. As the interval may, from 
its smallness, be assumed to be correctly measured, the value of tho 
result depends chiefly on the difference of alts., and may be estimatecl 
by finding the effect of an error of 1' in the diff. of alts., which is 
ea.sily done. Divide the middle time by the diff. of alts,, both in 
minutes : the quotient is the number of minutes of error in the time 
from noon, caused by 1' error in the diff. of alts.: the case now 
becomes that of an error in the Reduction itself. No. 704.* 

Ex. In Ex. 3 , above, ^60'" divided by 56' gives i'"*i, which is the error in the time from 
noon, sur»posing 56' to be i' in error. Now, by inspecting Table 47 , lat. 47° and decl. 15 » 
{same name) give 27"* as the limit, or time from noon at which 1'" error of time causes 2 


* When the hit. is found to have been very erroneous, repetition is very easily effected, 

us the sic. hit. i.s llu> ou\y log. in 729 (2) that changes. 
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error in the reduction ; hence i'"-i error at i‘‘ from noon will cause about 5' error in the 
Reduction, and therefore in the latitude. 

This exann)le is not an eligible one, since 12"' is only i-5th of 1’’, instead of being not 
less thyn i-4th. Jjee No. 72 j. 

731. Case II. Observations on different si(le.s of the meridian. 

(] .) Ilediiee the alls, to the ])laee of tlie alt. nearest the meridian, 
Ko. 661 or 66‘2. Find the did', of alts. ; correct it and the half 
interval, when necessary, by tin? Tal)l(‘, p. 205. 

(2.) To the aritb. comp, of the lojjj. in Tab. 70 add the log. sine 
of tile did. of alts, and the log. cosec. of half the interval : the sum h 
tlie log. sine of half the dilf. of the times from noon corresponding tc 
tlie two altitudes. 

(3.) Subtract this half diff. from the half interval : tlie remainder 
is the time from no(^n (or merid. dist.) of the alt. nearest the 
meri<lian. 

(4.) Compute the Reduction to this time, and ap])ly it to the alt. 
nearest the meridian, and proceed as directed, No. 700. I’Ik? 
ri'snit is the latitude at the time and place where the alt. nea]\>t the 
meridian was observed. 

E-X. 1 . April 3d, iS'Hjlat. by ace. ?/ N., loug. 17' ^V., (he true alts, of the sun 
to the soutlidard, reduced to la.st place of observation as below. Red. deal. 5*^23' N, 


Times by Watch 2*' o‘“ 54" 

Interval 34 58 

Lat. 46’, dccl. 5 , ar. co. log. 9 G76 
Diff. alts. 13' 23" sill. 7*S9o 

Half. int. i7"‘29* coscc. riiS 

Half. diff. — 5 33 sin. ^^*384 

T. fr. noon 11 56 (of greater alt.) 


true alt. 49*^ 10' 30" a.m., or rising. 

49 ^3 53 F.M., or falling, 
diff. alt. 13 23 

Lat. 46°, decl. 5*^, log. 0*324' 
II'" 56* sin. pq. 6*831 

Red. 0° 5' sin. 7*155 
Gr. alt. 49 24 
Mer. alt. 49 29 

which gives the Lat. 45*^ 54^ N. 


, Ex. 2 . H.IM.S. Leven, Aug. icth, 1826, lat. by acc. 46° N., long. I 5 W.. obtained true 
alt. 0 59^ 57''2 ; after 28"' 42“ true alt. 59® 2o'*5, the ship having little or no way. Reduced 
decl. at 1st alt. i 5*^ 40’ N. 


46° and 16"^, ar. eo. log. 9*573 
Dilf. alts. 36' 42" sin. 8*028 
Half int. 14'" 21* cosec. 1*204 

Half diff. 14 39 sin. 8*805 

This small excess of the computed \ diff. 


over the ^ interval (which should be the 
greater) is due to the error of the method 
itself, which becomes apparent in a long 
interval, and it shews that the alt. 59“ 57'* 2 
is very nearly the mer. alt. This gives the 
Lat. 45"^ 43' N. 


Ex. 3 . Dec. 23d, 1S25, lat. by acc. 8°S., observed true alts. O 74"^ 26' a.m. and 74^^ 
f.M., with the interval 36'" 37*' Reduced dccl. 23*^ 27' S. 

9* 168 


iS'" 1 8* 

H 

*7 4 


Ar. CO. log. 

10' sin. 
cosec. 
sin. 


7*464 

1*098 

7'730 


Red. 


17' 

3^' 

— I 

74 216 

75 57 


' 4 ‘ 


16* 


0*832 

7*142 


sin. 7*974 
(Table 48 .) 


The Lat. is 8^" 24' S. This Ex. is far 
without the limits, Table 47 . 


Ex. 4 . Aug. 9th, 1826, lat. by acc. 45°N., long. 15° W., a.m., obtained true alt. 0 
60° 29'* 5. After 52"* 27“ obtained true alt. 60° 30'. The 1st alt. reduced for i' northing 
made good in the interval is 60° 28'* 5. 

The diff. alts. 1^* 5 and a half interval 26*" i6* give half diff. 19*; the Red. is 31', and mer. 
1', which, with reduced decl. 15° 57' N., give Lat. 44° 56' N. 


R 
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732. When the alts, are equal, the half interval is the time from 
noon. 

733. Degree of Dependnnce. It would not be easy to give a 
concise rule for this in long intervals. The rule 'No. 730 applies 
very nearly in short and moderate intervals, using, instead of the 

middle time,” the time from noon of the alt. nearest the meridian. 

[2.] Short Double Altitude of a Star. 

734. Increase the interval by P for every 6"'. Take the decl. 
from the Nautical Almanac, or Table 63. In other respects proceed 
as for the sun. 

[3.] Short Double Altitude of a Planet. 

735. Find the Greenwich Date for the middle of the interval, 
and reduce the decl. Find the daily variation of II. A., and deduce 
by Table 21 the change of R.A. for the interval. When the 11. A. is 
increasing., subtract this change from the interval ; when decreasing, 
add it. Increase the interval by the acceleration upon it. In other 
respects proceed as for the sun. 

As the ll.A. and decl. of a planet sometimes change very slowly, 
much of the above labour is not ahvays necessary : particular rules 
for all such cases vvoidd, however, be superfluous. 

[4.] By the Moon. 

736. Find the Greenwich Date as nearly as possible at each 
observation, and compute the ll.A. Subtract from the interval the 
change of R.A., and add to it the acceleration. Keduce the decl. to 
the middle of the interval, as also the hor. par. and semid. In other 
respects proceed as for the sun. 

As a proper allowance for a considerable change of declination 
would complicate the lade, the moon can be cmj)loyed satisfactorily 
in this observation only in cases of very short intervals, and when 
her declination changes slowly. 

2. Double Altitude, one Altitude being near the Meridian. 

737. When one of two altitudes is taken near the meridian, and 
the other when the body has a large azimuth, the outer hour-angle 
(or that corresponding to the altitude furthest from the meridian) 
may be computed nearly (No. 614), since it will not be much affected 
by an error in the latitude by account.* The difference of the hour- 
angles being afforded by the measured interval of time, the other, or 
inner hour-angle, is found ; and the Reduction being computed 
thereto, the iikt. alt. is deduced. See Nos. 722 and 723. 

738. Limits. Tlie inner alt. must be within the limits in Table 47, 
and the outer angle should be as nearly E. or W. as possible. 

When the outei^ bearing is not near E. orW., the outer hour- 


* The latitude by account, in cases in which the ship’s change of place i« considerablfit 
peters of coarse, to the place to which the alts, are ’■educed. 
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aiijvle may be sensibly affected by the error of the lat by acc. ; and 
it* the inner hour-angle be not very small, the work may require to 
be repeated. 


[ 1 .] By (he Snn. 

739. The Observation, Observe the sun’s alt., noting the time 
and the bearing. After a snfBoient interval (No. 738) observe the 
second altitude. See note to No. 726. 

740. The Computation. (1.) Reduce tlie decl. at both observa- 
tions, either by Table 19, No. 579, or by the Green. Date, No. 580, 
and find the 'outer pol. dist. 

(2.) Correct the interval for the rate of the watcli when large. 

Correct the altitudes. 

When both observations are a.m., reduce the 1st alt. to the 2d 
place of observation. No. 661. When both observations are p.m., 
reduce the 2d alt. to tlie ])lace of the 1st, No 662. When one 
observation is a.al, and the other P.M., reduce the alts, to the place 
of the alt. nearest the meridian. 

(3.) With tlie outer alt., the lat. by acc., and the outer pol. dist., 
compute the hour-angle. No. 614. 

(4.) Take the dill*, between this hour-angle and the interval : this 
is tlie inner hour-angle. 

(5.) With this liour-angle compute the Reduction to the meridian 
and ap})ly it (No. 700 (4) and (5)), to the alt. nearest the merid. 
The decl. which is to be applied to the mer. zen. dist. is that reduced 
to the time of the alt. nearest the meridian. 


Ex. 1. July 23d, 1878, Int. by acc. 54*^ 57' N., long. 1° 25' W.. at about 7** o™ a.m. ? 
obs. alt. 24^^ 30 , bearing E. by S. by compass; 4*' 30“' 12* afterwards obs. alt. Q 54° 26', 
course S.S.E., rate 4 5 knots ; ind. corr. +2', eye j8 feet: rcipiired the Lat. at 2(1 obs. 


From S.S.E. to E. by S., or 5 pts., and dist. in interval 20'* 3 give corr. of alt. 


Decl. 23‘* 

at noon 

20° 

4'N, 


Alt. 


53' 


Long. 1° 

-0' 1 

4. 



Lar. 

54 

57 


5*1 0"' 

+ 3 j 

T 

3 


P. Dist. 

_^9 

53 


1st Red. Dccl. 

20 

7 



74 

51 


Int. 4*' 30 

111 

^ 




49 

58 


2d Red. Decl. 

20 

5 


Hour-an. 5** 

oni 

>14* 


Obs. Alt. 

24® 30', Obs. Alt 

.54° 

26' 

Interval 4 

30 

12 


Ind. cor. + 2" 


+ 2' ) 

13 

Inn. 11. -an. 

20 

2 


Tab. 38 +10 

> + 12 



Lat. 55*^ Decl. 

20' 

■(.w 

Corr. for run 

24 42 
-HU 

2d Alt. 

54 

39 

Red. 

+ 

54^ 

28' 

39 


1st Alt. 

^4 53 




Mer. Alt. 

~5 5 

/ 


(The Alt. nearest Mer. 

is here 

the : 

Id.) 

Zon. Dist. 

34 

~53 

N. 





Decl. 

20 

5 

N. 






L.vt. 

54 

5'8 

N. 


sec. o’24o 86 
cosec. 0x2734 
cos. 9'4i722 
sine 9*88404 
sin.sq. 9‘5b546 

sin. sq 


0*274 

7*906 


2 . AprU 3d, 1878, lat. by acc. 46*" / N., long. 14° W. at about S** 10"' a.m. obs. 
»lt. 0 26® 10', sun S.E. ; 3*' 26*" 35* afterwards (corrected for rate) obs. alt. 0 49" 8' to 
ttie southward ; course W. ; rate 6*8 knots ; index — 3' : eye 16 feet : find Lat. at 2d obs. 

From W, to S.E. is 12 pts. ; 4 pts. and dist. 23*1 give corr. of 1st alt. —16'. The 1st 
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red decl. 5® 20' N. ; the 2 d, 5° 23' N. ; the 1 st alt. (corr. for run), 26° 1'; 2d ait, 
49° 16'. 

Alt, 26° 1', lat. 46^^ 7', and P. di'^t. 84° 40', give hour-ang-le 3^ 49'” 41*, hence inn. 
hour-anglc 23"* 6* and Red. + 18', Lat. 45"’ 49' N. 

Ex. 3 . Dec. 3ctli, 1825, laf. hy arc*. 8 "S., long. 6” W., at about 4^ 8*" 16* by watch, the 
mean of 3 alts. 0 49®9'-4, bearing S. 44° E. magnetic, course W.N.W. 6 knots; at 
6'* 18'" 52** mean of 2 alts. 0 73'^ 39', the watch losing 4** 5 an hour on the chron., and the 
chron. gaining 6‘*'6 a-day ; height of eye, 16 feet; ind. corr. + i' ; reduced decl. 23® 11' S. 

In the interval, 2'*'-, the cl»ron. gained about i-ioth of or o"‘7, and the watch lost 
io**i on the chron. ; the measurct^ interval must therefore be increased by 9’‘'4, and becomes 
2** io'"45". 

From W.N.W. to S. 44® E. is 156® ; course 24® jind dist. 13 miles give D. Lat. to 

be subtractptl from the 1st alt. 

Alt. 49° 10', kit. 8® i', and pol. dist. 66^49', outer hour-angle 2** 38*" i6*; the diff. 
ot this and 2*^ 10“' 43'*, or 27"* 31'*, is the inner hour-angle, which, with alt. 73° 52', reduction 
and 2 d reduction 4', give I.at. X® 26' S. 

[ 2 .] Double Altitude of a Star, one Alt. near the Meridian. 

741. Increase the interval by 10® for each hour. Take the dccl. 
from the Nautical Almanac, or from Table 63. In other respects 
proceed as for the sun. 

[ 3 .] Double Altitude of a Planet, one Alt. near the Meridian. 

742. Find tiie Green. Date at each observation, and reduce to it 
the ll.A. and decl. A 2 )ply the ciiangc of li.A. to the interval, as 
directed No. 735, and add to the interval the acceleration upon it. 
Proceed as for the sun. 

[ 4 .] Double Attitude of the Moon, one Alt. near the Meridian, 

743. Proceed by No. 736 as far as addin;;' the acceleration. 
Reduce the decl. to each Or. Dat(‘, and the hor. par. and seinid. to 
that nearest tlie meridian. Procei'd as for the sun. 

744. The moon may he advantai^eonsly employed for this pur- 
pose when the Clreonwich Time can be nearly ascertained, and in all 
cases wlien near her maximum d(*clination, because her polar distance 
may then be very nearly computed. 

745. Degree of Dependancc. The error of the inner hour-an;rlo 
is the same as that of the outer one, wliieh, when the body is near E. 
or W., will be very small, even when tlio l.-it. by ace. is considerably 
in error. 

3. Double Altitude^ neither Altitude being near the Meridian. 

746. When neither altitude is near the meridian, tlie computation 
is different from those hitherto given, of which the object is to lin<l 
the meridian altitude. 

We shall give, 1st, an approximate method, the object of which iJ* 
to find the correction of the lat. by acc. ; and, 2d, the rigorous iiiethod, 
the olject of which is to find the latitude itself directly, both in 
Ivory’s form (suited to the case in which the decl. is the same at boti 
observations) and in a general form. , 

747. The principle of the apiiroximate method will easily 
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anclerstood. Suppose tlie time* to be computed at each observation, 
then, if the interval between tliese computed times agrees with that 
actually shewn by a good watch, the latitude by acc. (which is an 
element of the calculation of the time) is obviously correct , but if, 
on tlie other hand, tlie computed interval does not agree with the 
interval by the watcli, the disagreement indicates an error in the 
latitude by acc.,|- the amount of which is to be computed. 

748. When the correction of the hit. by acc. exceeds 10' or 15', 
It may, generally, be advisable to re])eat the computation ; hut when 
it is less than 4' or 5' it may bo considered rather as conlirming the 
lat. by acc. within this limit, than as correcting it by so small a 
quantity. 

See, also, Nos. 7*22 and 723, which apply to this observation. 

749. Limits. An observation that is usually a substitute for a 
better, which the state of the weather has p?*evented, or seems likely 
to prevent, troni being obtained, must be taken when it offers itself; 
but when tliere is a choice of observations, the limits are as follows: — 

(1.) When the ol)servations arc? on the .sy/?//c side of the meridian, 
the dilference of bearinir at the two observations should exceed the 
lesser true bearing. 

(2.) When on dlffereut sides of the meridian, the supplement of 
the dilf. of bearing should exceed the les-er trm* beariiig. 

The dilf. of bearing should, when ])ossible, be 90^^. 

750. Tlu^ simplest case in computation. This will of course be 
selected when the weather allows a choice of observations. 

In N. lat. both altitudes are to be taken to the southward ofE. 
or \W (or the prime vertical); in 8. lat. both arc to be taken to the 
northward of E. or W. 

When the lat. and decl. are of coutranj names, the simple case is 
the o?dy one that offers itself, and therefore apj)li(*s to the sun during 
the six months which include the winter. \Vlicn the lat. and decl. 
are of the same name, the hour-angle at each observation is to be less 
tlian the hour-angle in Table 29, or the altitude is to be greater than 
the alt. in that Table. 


[1. ] Double Altilude of the Sun. 

751. 77/C Observation. Taki? the alt. (sec note to No. 720), 
noting the time, and the true bearing. Afb'r the proper change of 
bearing take tlie other altitude, noting the time. 

As waiting for the proper change of la'aring may risk tb.e loss of 
the 2d alt. it will be prudent to provide an altilude earlier to serve 
in case of accident. 


* As the hour-anu;l('s only are here eoncerju'd, the eonsitleration of Time, as lound by 
©bsorvation, will present no (liiii<'iil(v to a learner. 

t Admiral Sir Edward Owen iiiforiiied me, that when in the North Sea he made constant 
use of the method of fiiiding the lat. by the iliserepaney of the comj)uted times, as he tound 
it niuch more convenient in praeticu’, in eases where it was neecs''ary to piylit by every oppor- 
tunity of observation, than any solution of the Double Altitude as a ipiestioti ot latitude only, 
iu Lynn’s Tables the same problem is worked by trial and error- In Capt. Owen s journals 
the observation, solved upon the same princiide as that here adopted, constantly occurs. 
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Note at each observation whether the sun is to the northward or 
to the southward of E. and VV. 

An example will shew how to select the simple case. 

Ex. 1, Oct. 3d, lat. 25° N. The lat. is N. and declin. south, and it is the simple case. 

Ex. 2. Sept, ist, lat. 40” N. The decl. is 8° N. ; hence (Table 29) the Isl alt. must he 
taken after 6'* 39 "* a.m. (wliieh is the suppl. to 12** of the hour-angle 21'“), and the 2d 
before 5** 2i"‘ p.m. (A. T.) ; or eat;h ait. of the centre must exceed i2°’5. 

752. The Computation. The approximate method.* 

If the didereiice of azimuth is not considerable this method 
should not be employed. In low hits, it will accordingly be less 
serviceable than in high latitudes The proper limits for the sola- 
tion .will be seen on inspecting Table 71; cases outside the limits 
should be rejected, and those bordering on them employed with 
caution, especially if the error of the latitude by account is large. 

(1.) Find the Green. Date at the first observation. Reduce the 
declin. to each time of observation. For the sun, it is immaterial 
whether app. time or mean time be used. In general at sea a}>p. 
time will be preferable, because when tlie observation confirms the 
lat. by acc. the apparent time at ship is determined. Find the polar 
distances (jNo. d id). 

(2.) If the rate of tlie watch is large, correct the interval for 
it. Correct the alts, and reduce the 1st alt. to the 2d place of 
observation No. 061. 

(3.) With the alt., lat. by acc., and pol. dist., compute the hour- 
angle at each observation, ?^o. 614. 

(4.) When the observations are on the ,mme side of the meridian, 
take the difference of the hour-angles; when on opposite sidi's, tlieir 
sum. If this ditf. or sum agrees with the interval by Avatch witliin 
10% or even 20% provided tlie difference of azimuth is considerable, 
the lat. is confirmed, and the time is also obtained, nearly enough in 
the open sea. If they do not agree, proceed thus : — 

(5.) In N. lat. if the body at both oliservations is to the .sonf/i- 
vvard of E. or W., it is the simple case (No. 750) ; if the body is to 
the northward of E. or W., mark such hour-angle V. 

In S. hit., if the body at both observations is to the northward of 

* This method, besides affording the time when the lat. by aec. is not very erroneous, 
employs the azimuths, whieli in practice; is a considerable advantage, since the azimuth is the 
means of determining the degree of dependance of the lat. by double altitude. 

f As some misunderstanding has prevailed iijjon the neecs>ity of correcting tlie mte: rat 
of time for the change of longitude of the ship, the following illustration, which was given in 
inswer to the question, in the Nautical Magazine, 1840, is here inserted: — 

Suppose at a place A, at 10 a.m., the sun’s alt. is observed U 18\ md :V'40"* afterwards 
a 2d alt. is observed. These two alts, with the interval 40"’ afford the latitude of A. 

Again, .suppose at a place 11 an observer had obtained the alt. at 10 a.m., or e.Naetly at 
the same in.stant tlie observer at A look his Ist alt., and .'V’ 40™ afterwards he obtains Ins 
2d aU.. 14^ l.V. Tliese two alts, with the interval 'J'* 40"* afford the lat. of B. Now 
a ship had left A at 10 a.m., having obtained the 1st alt. 13^^ 18’, and at the end ot 3'* 4d"‘ 
she arrives at B, whcire she obtains her 2d alt 14 ‘ lb'; then she has the given interval 
3'* 40"* with the 2d alt. 14'^ 1.V; and it is clear that by reducing the 1st alt. observed at A, 
or 13 18’, to what it would have been if observed at B (that is, in other words, correcting tli0 
1 st alt. for tin*, mere change of 2)lace)^ she has precisely the elements for determining the la • 
of B, which is required. 

Thus, when the interval is measurcil byi watch, no correction for longitude appears. 



FINDING THE LATITUDE. 247 

E. or W., it is the simple case; if the body is to the sow^^ward of E. 
or W., mark such hour-an^Ie V. 

If the bearing has not been observed, or if it is doubtful, look in 
Table 29 ; then, if tlic computed hour-angle exceeds the hour-angle 
ill the Table, mark it V ; if the comp, hour-angle is the lesser, us( 
no mark. If both hour-angles are less than in Table 29, it is tin 
si m pie case. 

(6.) For the Correction of the Lat. Compute the azimuths al 
each observation, No. 671). 

(7.) When the observations are on tlie same side, botli of the 
meridian and ])rime vertical, enter Table 71, Part I. with the 
azimuths. When the observations are on different sides, either of 
the meridian or ])rime vertical, enter Part ll. • 

To the log. from Table 71 add the log. sec. of the lat. by acc., 
and the prop. log. of the error of the interval; the sum (rejecting 
tens) is the prop. log. of the correction of the lat. by acc. 

(8.) In tlie simple case (No. 750), apply the correction to the lat. 
by acc. according to the following directions; — 


Observations on the name 
side of the Meridian 

Observations on different 
sides of the Meridian 

The Computed Interval 
being 

the greater ' the lesser 

The Computed Interval 
being 

the greater * the lesser 

mb. add 

add mb. 


In the case in which one or both hour-angles arc marked V 
(No. (5) above), apply the correction according to the directions in 
the next Table. 



Observations on the same side of 
tlie Meridian 

Observations on different 
the Meridian 

sides of 

being 

rsser 

The Computed 
t)»e greater 

Interval being 

the lesser 

The Ct)inputed 
the greater 

Interval 

the / 

1 

lloth ohserva- 
tions on the name 
M'le of the 

Erinie Vertical, 
and both marked 
V. 

The 
Wowv / 
witli 

greater 

Azim. 

r cater 
_ being 
the 

lesser 

Azim. 

The 
Wowv / 
will 

greater 

Azim. 

reater 

being 

the 

lesser 

Azim. 

sub. 

add 

add 

sub. 

sub. 

add 

Observations on 
different sides of 
the 

Prime Vertical, 

' or one marked 

1 

The lie 
being vi 

greater 

Azitu. 

ur /. V 
nth the 

lesser 

Azim. 

The ll( 
being v 

greater 

Azim. 

ur ./ V 
itli (he 

le.sser 

Azim. 

The lie 
being i 

greater 

Azim. 

ur /. V 
ith the 

lesser 

Azim. 

The Ilo 
being n 

greater 

Azim. 

ur / V 
rith the 

lesser 

Azim, 

sub. 

add 

add 

sub. 

add 

sub. 

sub. 

add 
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Note, Ttiis second Talile, which contains the remaininii: fourteen out of eighteen ca»i.ik, 
may appear complicated in its general aspect. It is, however, easy of reference when lha 
case is proposed. For ex. : — 

1. Suppose the observations ti> be on difforeitl sides of the meridian ; of this point, with 
a long interval, there can never be a doubt, .^gain, 

2. Let them be on different sides of the prime vertical, of which there can rarely be any 
doubt. 

3 . Let the computed interval be the yreater. 

Then the jirecept add or snh. iK pends on tlie condition that the hour-angle marked V jji 
with the yreater or with the lesaor ii/.iinuli.. 


Ex. 1 . (Obsorv. ennie side both of Mer. and Pr. Vert.) May 2oth, 1878, lat. by aec. 
40" 11 N., long. 61*^ W., at iibotil 8*’ o"‘ m., obs. alt. 0 35'’ 32', bearing E. by S. ; 

at II*' S'" 3i'' obs. alt. 0 66“ 5S' ; index —3', eye 16 I'cet : course during interval 

S.E.-jE.; rate 4 knots: riapiired the Lat. at 21! observation. 

From S.E.-^E. to I k by S., or i \ pts. and dist. 12*4, corr. of 1 st Alt. + ii'. 


Deel. noon, 2ctb, 
4 '' -a' i 

62 W. +2 ) 

1 st Red. Ded. 

3I. 

2»1 Red. liocl. 


20° I' N. 
o 

2C I 
H^2 
20 3 


35 '3^' 

- 3' I .0 

Table 38 +11) ^ ^ 

35 40 

Corr. run + 1 1 

1 st True Alt. 35 51 


Alt. 0 
" 3' I 

+ 12 I 
2d True Alt. 


66“ 58' 


^ 9 
67 7 


Lst llour-ungle. 


2d Hour-angle. 


Alt. 33“ 51' 



i Alt. 67“ 7' 



Lat. 40 12 

sec. 

o* 1 1 702 i 

Lat. 40 12 

sec. 

0*11702 

P. Di.st. 69 59 

cosec. 

0*02706 ! 

P. Dist. 69 ^7 

cosec. 

0*02715 

146 2 



177 i 6 



73 1 

cos. 

9*46552 

as 38 

cos. 

8*37750 

37 10 

sin. 

9 * 7 '^ tT3 1 

21 31 

sin. 

9*56440 

Ifct IL-angle 3’' 57"’ 49" 

sin. sq. 

9*39073 ; 

2(1 I L -angle c*' ;;g"'43‘ 

sin. sq. 

8 ‘o 36 o 7 




Lst ditto 3 37 49 





1 

! Cornput. Int. 376 

(the lesser) 




Interval 3 8 32 






Error 1 26 



1 st Azimuth. 

j 

2(1 Azimuth. 


3 *' 57"' 48* 

sine 

9 ’ 935 » 1 

0*’ 50"' 43* 

sine 

9 - 34‘4 

Decl. 20° I 

c« vs. 

9 9729 ! 

Ded. 20“ 3 

cos. 

9 972S 

Alt. 35 51 

sec. 

0*0912 1 

Alt. 67 7 

sec. 

0*4 ICO 

Azim, 87° 

sin. 

9'9992 

Azim. 32“ 

sin. 



Correelion of the Latitude. 

Table 71 , Part L, 32° and 87“ 9’OH 

Lat. .sec. (above) o'liy 
1'" 26'' pro. log. 2*0()9 
Corr. of Lat. 1 1' I’ro. log. i‘23u 

The lat. being N., and boiii ob.servations to the .southward, it is the simple case; the 
obs. being on the same side of the merid. and the eornputed interval the lesser, 11' is 
added to 40“ 12', wbieb give.s l.,at. 40^ 23' N. 


Ex. 2 . 'Different sides of Mer.) Oct. i6th, 1878, lat. by arc. 41° 22' S., long. 15°° 
at about lo*’ 45'" a.m. 08s. alt. 0 53“ 2' 20'", bearing by compass S.E. by S. ; time by diron. 
6*' 29"‘ u/’ ; at ic'* 29"' 6- by same eliron. ob.s. alt. Q 41° i' 10", ind. corr. —3' 20" > height 
ot e\e .' 4 feet ; clmin. yaininy i2*’2 daily. Course S.E. by S. ; rate 6 knots. 

The course being exactly tow'ards the sun, the run in 4*' gives 24 to 1 )l <tddeti to isl nit 
Jl.p pol. dbjts, 81“ 14' ind 81“ 10'; ist alt. 53“ 35'; 2d, 41° g’. 
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Alt. 

53 “ 

35' 


1 

Alt. 41° 9' 



Lat. 

41 

22 

sec. 

0*12465 I 

I..at. 41 22 

sec. 

0*12465 

Dist. 

8i 

14 

cosec. 0*00508 

P- Dist. 81 10 

co.sec. 

0*00518 

1 

176 

11 



163 4i 




88 

S 

cos. 

8*52434 

81 50 

cos. 

9**5245 


34 

30 

sine 

9 * 753’3 

40 41 

sine 

9*81417 

let H -angle 

P' 

1 3™ 34 * 

sin. 

sq. 840720 

Id H. -angle 2'' 45'" 33 “ 

sin. sq 

* 9*0964:) 






Lst do. I n 34 

3 59 7 

( the leaser) 






Interval 3 59 47 








0 0 40 




1 st Azimuth. 


2 d Azimuth. 



13"* 

34 * 

sine 

9*4 99 

2'' 45'" 24" 

sine 

9*820 

Dccl. 

8' 

46' 

cos. 

9*995 

Dec). 8 ° 50' 

cos. 

9*995 

Alt. 

53 

35 

see. 

C-2?6 

Alt. 41 9 

sec. 

c* 123 

Azim. 

31 

0 

sin. 

9-720 

Azim. 60'’ 

sin. 

9*938 


Correction of the Latitude. 

Table 71 , Part IT.. 31° aud 6c'^ 9*174. 

Lat. see. (above) 0*125 
o'" 40"* pro. loi;. 2*431 

3' pro. I015. 1*730 

The obs. on (Jifforent sides of mcri<Han and the eomputcd interval the lesser, 3' has to be 
Bulitraeteil from 41° which gives Lat. 41^ 19' S. 

Ex. 3 . {different sides of the pr. vert.) Feb. 19th, 187*8, )nt. by arc. 52° 55' S., long. 
n° JO., at i'‘ 40'" I’.M. oh^. alt. Q 43 ' 53', bearini? S.W. by S. ; at 5'' 39"’ 5* p.m. obs. alt. 
0 1 1"" <;5'. Course in int. N.E. by N., 3*5 knot's an liour; height of eye 16 feet ; required 
the LATiTUDii at 2d observation. 

Lt Alt. (run allowed for) 43 ’ 30', 2 d Alt. 12“ 3' ; 1 st Pol. Dist. 78® 4 ^^ 2 d Pol. Dist. 
78' 5i'*, 1 st Hour-ajiglcj i'' 3 S'" 46*', .\z. 33^^; 2 d Hour angle 5*' 38'" 37’, V. Az. 87°; eorr. 
of lat. 7' to be suhlrmUed, because the obs. arc on the same side of mer., the computed int. 
(jreater, obs. on dijf'erent sides of pr. vert., and the hour-angle V with greater azimuth. 
Lat. 52*" 48' S. 


[ 2 .] Double Altitude of a Star. 

753. Tills is tlij same as for the sun, except that the interval by 
watch must be increased by 10^ an hour. 

[ 3 .] Double Altitude of a Planet. 

754. Find tlie (Trccn. Date at each obs., and redtice thereto the 
R.A. and decl. Ajijtly the chanij;e of R.A. to the interval, as directed 
No. 735, and add to the interval the Acceleration upon it. In otlier 
respects proceed as for the sun. 

[4.] Double Altitude of the Mooji. 

755. Find the Green. Date at each observation, and reduce the 
R.A and dccl. Subtract tlie chanjjje of R.A. from the interval, and 
add to tlie interval the Acceleration upon it. In other respects proceed 
as for tlie sun. 

756. For the Degree of Depeiuhmce, see No. 771. 

4. Ivorg^s Solution^ for the same Body^ 

757. Though this metliod djijilies, strictly, to a body which does 
fiot change its declination, yet it answers well enough, in common 
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practice, with the sun, by employing a mean between tlie pol. distsj. 
proper to each observation. The same is true of the moon when 
near her greatest deelination, N. or S., since at that peiiod she 
changes her deel. about 1' only in (> hours. 

(I.) With the sun, the moon, or a planet, find the Greenwi«di 
Date for the middlci time between the observations, and reduce the 
decl. thereto. 

Find the jiol. dist. by means of the hit. by acc., N. or S. 

Correct the altitudes, and reduce them to the 2d place of observ- 
ation. 

Find the polar angle. For the sun, this is the interval in app. 
time ; or mean time, as shewn by the watch, is near enough. For 
a star, see No. 734. For a planet, sec No. 735. For the moon, see 
No. 736. Take half the interval, and lind half the sum and half 
the difierence of the altitudes. 

— W'licii tlic intervnl is rattier small, more care is required in the work, which may 
then be carried to quarter minutes in Table 08, at sight. 

(2.) For Arc 1. To the loe*. sine of the half interval add tlie 
log. cos. of the deck: the sum is the log. sine of are 1. 

(3.) For Arc 2. Take tlie ar. coni]), of* the log. sine found, and 
add to it the log. cos. of the half sum of the alts., and the log. sine 
of their half clifi*. : the sum is tin? log. sine of arc 2. 

(4.) For Arc 3. To the log. sine of the decl. add the log. sec. 
of arc 1 : the sum is the log. cos. of arc 3. 

When the lat. and deck are of contrary names, or the pol. dist. 
exceeds 90®, take the supj)!. of this arc. 

(5.) For Arc 4. Add (ogether the log. sec. of arc 1, the log. sine 
of the half sum of the alts., the log. cos. of their half ditt*., and the 
log. see. of arc 2 : the sum is the log. cos. of arc 4. 

(6.) For Arc 5. This is the dilf. or sum of arcs 3 and 4.* When 
the observations are on diff'erent sides of the meridian ; if the pol. 
dist. is greater than the colat. take the diff. ; if /c.v5, the sum. 

When the observations are on the same side of the merid., when 
the pol. dist. exceeds the colat., take the diff. Wlum the jjok dist. is 
equal to or less than the colat., take out the log. sine of the lat. by 
acc.; then add together the log. sines of the tied, and mean of tlie 


♦ This step is so iieur tbe end of the f/jjcralioti, tliat the eompuler may c*oiitei\l himself 
with trying whether the sum or dil!'. gives flic result in lat. nearest to the lat. by acc., as 
in all eligible cases the two results will diher greafiv. 


€nd then 1* F 


A and li are the places of tlie body at the two 
observations; P iV, P 13 the polar distances; Z A, 
^ Z li the /en. dists. ; APB the polar angle or inter- 

P val. P D is drawn perp. to A B, and dividing APB 

into two cijual parts ; Z P is jierp. to P D. 

\ Then, Arc 1 is A D ; Arc 2 is Z F ; Arc 3 is P U, 

\ always less than the pol. dist. As P D is usually 

\ greater than A D, from which it is determined, if 

I a .small error occurs in AD, PD will be in eiror 
’ still rnon^. Arc 4 is D F ; Arc 5 is P F. P F here 
is P D — D F; hut when the pol. dist. is much Ic'^' 
than PZ, F may fall beyond D on P D produceo. 
The colat. PZ is then found from P F and Z F. 
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Alts, (already employed). If tliis last sum is less than the sin. of the 
hit., take the dijf,; ii‘ greater, the sum. One ])lace in the logs, is 
enough, since, if the distinction is not strongly marked, the case 
should be rejected. 

(7.) For the Latitude. To the log. sec. of arc 5 add the log. sec. 
of arc 2 ; the sum is tlie log. cosec. of the latitude. 

Note . — To save roo])i:ning Tablo 08 at the same place, logs, taken out at the same open 
ing, or repeated, are marked with the same letters. 


Ex. 1 . (Obs. same side.) Lat. by ace. to° S., long, E. ; true alts, of the sun, 58'’ 40', 
and 63° o' reduced to the same ])laee ; interval, 3a'" 54* : required the Latitude. 


lied, of Deed, in the Form, Ex. 1 , p. 213 . I 

1 Correction of Alts, in the Form, Ex. 1 , 


Red. Decl 

. 14'^ 24' N, 

p. 248 , then. 




Pol. Dist. 

104 24 

1 st Alt. 58° 

40' 





2d 63 

0 





Sum 12 1 

40 

Half Sum 60° 50 




Diff. 4 

20 

Half Diff. 2 10 

Ini. 

32"' 54- 





Half 

16 27 

sin. 8*85605 




Decl. 

14° 24' 

cos. 9*98614 {a) . ... 


sin. 

9*39566 {a) 

Arc 1 

3 59 

sin. 8*84219 {b) 


sec. 

0 

6 

0 

0 



(Suppl.) 75° 34' 

cos. 

9*39671 



Arc 3 104 26 





Ar. CO. 1*1 5781 


sec. A 

rc 1 (rep.) 0*00105 (b) 

Half Sum 6o°c;o' 

cos. 9*68784 (c) .... 


sin. 

9*94112 (c) 

Half Diff. 2 10 

sin. 8*57757 {d) .... 


cos. 

9*99969 (a) 

An; 2 

15 22 

sin. 9*42322 (c) 


sec. Arc 2 0*01581 (c) 



Arc 4 24 53 

cos. 

9*95767 



Arc 5 79 33 

sec. 

0*74142 

Criterion for Sum or Diff, of Arcs 3 and 4 . 


Arc 2 , 

sec. (rep.) 0*01 5S1 (e) 


Pol. Dist. cjcceeds cole^t.-diff. 

L.vt. 10° 4' 

cosec. 

0*75723 


Ex. 2 . {same side mer.) Lat by arc. 43° 10' N. ; alts, of Capella, reduced to the same 
place, 22° 58' and 56*^ 14'; interval by <dironometer, 3'* 34"' 17*: required the Lat. 

Interval red. 3'' 34"' SS**; deel. 45^* 50' N. ; arc 3, 40^ 35'. Criterion, sin. lat. 9*8 ; sum 
of sines of decl. and mean alt. 9'6 ; take the diff. of arcs 3 and 4 . Lat. 43'^ 29' N. 

Ex. 3 . (obs. different sides.) Lat. by acc. 10° N. ; alts, of Castor, 63° 16' and 46° 12'; 
interval by a watch, 3'* 55'“ 25*; decl. 32"^ 14' N. : required the Lat. 

Arc 1 , 24"^ 33 L ; Arc 2 , 11° 54'; Arc 3 , 54° 5^' ; Arc 5 , 78^ 58'. Lat. 10° 47-5;' N. 

758. (1.) When the alts, are equal, this method is peculiarly 
convenient. 

Compute arcs 1 and 3, as uliove. Arc 2 is 0. 

For Arc 4. Add together the log. sine of the alt. and the log. 
sec. of arc 1 : the sum is the log. cos. of arc 4. 

M heu the pol. dist. c.\c(*c(ls the colat., the diff. of arcs 3 and 4 is 
tlie colat. ; otherwise their sum. 


Ex. Equal alts. 46° 51' ; pol. dist. 66° 33 ; interval, 4’‘ 37™ 50*. Lat. by acc. 60°. 
Arc 1, 31° 30L ; Arc 3 , 62° 10^'; Arc 4 , 31" 9V. Lat. 58° 59'. 

(2.) When the declin. is 0, the half int. is arc 1, and are 3 is 90°. 


^ Ex. Lat. by acc. 6o°N., decl. o, int. 2*' o'" o* ; true alts. 28° 53' mid 20° 42'. Arc 1 
is 15° o'; Arc 2, 14^29^; Arc 5 , 26^ 34'. Lat. 59'^59LN. 

Note . — If the time also is required from the observation, with the outer alt., lat. found, 
pol. dist. (red. to time of outer alt.), find the hour-angle, No. 614 , and see No. 780 (4), 
261 . The sum of log. sec. lat. and log. sin. arc 2 is log. sin. mid. time between the obs. 
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IV B\ Double Altitude of Diiterent Bodies. 

759. The forms of solution clescri])od in Nos. 737 and 747 for the 
cases of two altitudes of the same celestial body apply to the altitud(\s 
of diherent bodies, the diherence of their right ascensions supplying 
in part, or entir(dy, the jdaee of the measiirt'd interval. 

Since the value ol‘ this observation, like the former, depends upon 
the dillerenee of azimuth, tin* two bodies may often be so selected as 
to aHbrd the best possible Jesuit iiiidei* tlje circumstances, wliile in 
the case of a single body the necessary conditions are not, generally^ 
matter of choice. Hence this method may be practised with equal 
convenience in all latitudes. 

This observation is ])articnlarly convenient in the case of two 
stars, because, as the right ascemsions of the stars change very slowly, 
no ref(‘renc(.* to the absolute tinn* is necessary. 

7(i(). \\ hen the two obs(*rvations can be obtained at nearly the 
same time, this m(‘tliod has the advantage of being ind(‘pendenl of 
the rate of the watch, and also of the errors of the sliip's run; but 
when an interval elaps(‘s between the observations, allowance must 
be made both for the rate and the run. 

1. One of the Al.lit?f(Ies {of 7 wo Bodies) being near the Meridian. 

76 1. Limits. These arc the same as those given in No. 745. 
It must be remarked, that the rules for the limits apjjly to the bear- 
ings at the time the bodies aia? actually observed, ^^herher there be 
an interval or not. For ex., if tin* sun be obscu’ved S.S.J'l, and the 
moon F. by 8., the case; is a goo<l oin* ; but if the observation of the 
moon were delayed till she bore 8.F., the case would not be good. 

762. 71ie Oh.^ervat»on. Take the alt. of the outer body, which 
should be observed as nearly K. or W . as possible. Then observe 
the alt. of the inner one; lastly, that of the outer one again, noting 
the times of each alt. 

763. The (Computation. (1.) For tin* sun, moon, or a planet. 
Find the Green. Date, and reduce thereto the U.A. and declination; 
and for the moon, her hor. par. and semid. 

For a star. I'ake tin* 11, A. and deck from the Nautical Almanac, 
or from Table 63. 

Call the diff. of 11. A., or its sup])l., the polar angle. 

(2.) Reduce the alts, to the same instant, and correct them. 

(3.) With the outer alt. and pol. dist. find the outer hour-angle, 
and proceed as in No. 740 (4), to the end. 

Ei. 1 . March 6tli, 1878, at about 5** 55“ f.m. M.T. ; lat. acc. 40^^ 15' S., long. 38° 5 * 
V., obs. alt. Saturn 50'; abo (reduced to the same instant) obs. alt. Aldebaran nea* 
meridian ^3*^ 17'; ind. corr, + height of eye 18 feet: required the Latitude. 
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The Gr. Date is 6** 8^ 30™. 

Saturn’s Red. R. A. 23'* 34"* 24“ 

A)del);iran’s R.A. + 24** 28 28 56 

Polar an”le 4 54 32 

The true Alt. of Sat. 1 41', 
lat. 40° 15', pol. dist. 

85^ 6' give Saturn’s liour- 
angle 5 

Aldebaran’s hour-angle 20 47 

Saturn’s Deel. 4*^ 54 pol. dist. 85“ 6' 

Aldebaraii’s dccl. 16° 16' N. 


.'\ldel»aran’s obs. alt. 33° 17', true alt. 33° 12 . 

Lat. 40°, Decl. 16° {contriirt/\ 

Hdines) J 0 ^ 5 ^ 

20'" 47* sin. s«p 7 ' 3 i 3 

o"’ 13' sin. 7 ’56 3 

33 12 

INIer. Alt. 33 25 

Zen. Dist. 56 35 S. 

Decl. 1 6 j6 N. 

Lat. 40 19 S. 


Ex. 2. Feb. 2(1, 1878, lat. by at-c. 54® 53' N. ; obs. alt. Rcguliis 15” 54', and the alt. oT 
Aldebaran (reduced to the same instant) 51'^ 17'; ind. corr. —3'; I. eight of e}e 20 feet: 
required the Latitude. 

R.A. Regiiliis, 10'’ I"' 55*, decl. 12° 34' N. ; R.A. Aldebaran, 4’’ 28'" 57% decl. 16" 16' N. 
^egnlns’ tiue alt. 15'- 43^: Aldeharaii’s ttitto, 51''' 19^; hour angle of Regulns. 5'* 21'" 54*; 
hour -angle of Aldebar.ni, 11"' 4*; Red. -t 4'. J.\t. 5^^ 3' N. 

764 . When the chanorc of alt. of one of the bodies is not given by 
the observation, it.s altitude cannot be reduced to tlie same instant 
as the other by No. 660; to compute it (No. 671), the azimuth is 
required, which, if nut observed with some jirecisiou, must be com- 
puted. But this reference to the altitude may be avoided, thus: — 

Add the interval of time, increased by I'* for every 6'", to the R.A. 
of the body first observed, and subtract the R.A. of the body last 
observed ; the rem. is the polar angle. 

If the sum exceed 24'h reject 24^ 

Ex. 1st. June 24»h, 1878, lat. by ace. 40^^ N., long. 149° 52' W. ; time by cliron. 
24'* 0'' 1'", obs. alt. of a .Aitdronualc 41^ 53', and 2'" 15* afterwards obs. alt. of Jupiter 
30'^ 29' to the southward; height of eye 16 tect.* 

Red. R.A. of Jupiter 20'’ 33"' 17% Reil. decl. 19'^ 22 S., alt. 41° 48'. 

R.A. of a Androinedio 0'' 2"' 8* 'riu* hour-angle of a Andrmnctl® com* 

2 13 ' l Utcd from .lit. 41'’’ 48', lat. 40, and pid. 

■“o 4 23 61 ’ 33', is 3‘ 50'" 33». 

Jupiter’s R.A. 20 33 17 The dilicience between the polar angle 

Polar Anf^le 3 31 6 and ibo lumr-angle of a Aiulromed.e k ivcs 

^ ^ Jupiter’s hour-angle 1(9’" 27“, wbieb gives 

Red. + 10', nuT. alt. 30“* 33', and Lat. 
40^ 5' N. 

Ex. 2. Jan. 3d, 1878, lat. by acc. 54'^ 50' N., ob.s. alt. Ucgulus 17^’ 21', and 3'" 40* 
afterwards obs. alt. Rigel 26^^ 46' S. ; imi. corr. —5'; height of eye 16 feet: required the 
Latitude. 

R.A. Rcgulus, 10’' i"‘ 54", decl. 12“^ 34' N. ; R.A. Rigcl 5’' 42*, dccl. 8"^ 21' S. ; 

polar ancle 4'' 56'" 52"; true alt. Regulus, 17° 9'; hour angle Rcgulus 5*' ii"* 57“; hour- 
angle Rigel 15'“ 5*; Red. to tins -*-5'. Lat. 54^ 59' N. 

765 . When the body nearest the meridian is observeil below the 
pole, add the hour-angle of the other to the polar angle: the suppl. 
to 12'* of this sum is the inner hour-angle, to wliicli compute the 
Reduction. 

Ex. March 21st, 1831, off Cape Horn, lat. by acc. 56^ 50' S., long. 65° W., at night, 
obs. true alt. a Pavonis 24" 38', uot long past the mer. below the pole; and after 3™ 23^ 
obs. alt.’ y Crucis 64° 47' ; both stars rising, Jtnd both to the S. of E. 
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*, Pavo R.A, 
Int. 

y Crux R.A. 
Polar Angle 


ao>> 12™ 17" 

20 15 40 
--12 21 50 

7 53 50 


Tlio hour-angle of y Crux, comptiied 
from alt. 64“ 47', lat. 56° 50', and pol. dist. 
33 ’ 50', is 3** 6™ 1 8*. 

This hour-angle, added to the fiola- 
angle, gives hour-angle of a, Pavo 1 1*' o™ 8", 
or 59“* 52* below the pole. The Red. to 
this is 38', and the mer. alt. 24^0' gives 
Lat. 56 ^44' S. (Dccl. of « Pavo, 57°i6' S.> 


2. Neither of the Altitudes (of Two Bodies) being near the Meridian. 

766. Limits. Those are the same as for No. 749. 

767. The Observation. Take an alt. of the outer body, then of 
the inner one, and, lastly, of the outer one, notini^ the times. At 
each observation note whether the body is to the northward or 
southward of E. or W. (true). 

768. The Computation. The approximate metliod. 

(1.) Take out the right ascens. of the bodies from the Nautica* 
Almanac, reducing them, if necessary, to the Green. Date. Take 
the diff. of R.A., or its suppl. to 12’\ for the polar angle. 

If the 2d alt. of the first body be lost, proceed by No. 763. The 
result is the polar angle. 

(2.) Correct the altitudes. 

(3.) Compute the hour-angle of each body. 

When the bodies are on the same side of the meridian, take the 
diff. of the hour-angles ; when on opposite sides, their surn^ for the 
computed polar angle. 

If this sum, or diff., agree tolerably well with the polar angle, 
the lat. by acc. is near enough; if not, proceed as in No. 752 (^5), 
to find the corr. of lat. 

Ex. 1 . Feb. 25th, 1830. ILM.S. Eden, lat. by acc. 11^45' S., long. 19° W., took 
alts, of Canopus and Sirius as following, both stars to the E. of the mer., and both to the 
southward of the E. point. 


Canopus. Sirius. Canopus. 


5” 43 ”i>’ 

46“ 58'-4 

5 ** 48 '»c» 

71'' 47''4 

5^ 51™ 4* 47 ° 27'*4 

S 45 25 

47 7 

5 50 0 

72 14-6 

5 54 0 47 33*4 

Means 5 44 18 

47 2 -8 

5 49 0 

72 I 'O 

5 52 32 47 30 *4 

Sirius R.A. 

6^ 37 ™ 4 o* 

Dccl. 

16® 29''7 S. 

Pol. Dist. 73^^ 30^*3 

Canopus 

6 20 11 


52 36 -5 S. 

37 23 *5 

Polar Angle 

17 29 





Redueing the alt. of Canopus to the time 5^*49"^ gives alt. required, 47"^ 18 *4. The true 
alt. of Canopus, 47"' 13^*6, and of Sirius, 7i‘'’ 56'’7. 


Hour-angle of Canopus 

i*. ^n. 57. 

Hour-angle of Sirius 

jh 




Ditto Canopus 

I a 57 




Diff. or comput. Pol. Angle 8 55 




Pol. Angle 

17 29 




Error 

8 34 

Hour-angle 

jh 2 ,m jyt 

sin. 9*433 

Hour-angle i** ii“* 52* 
Pol. Dist. 73° 30" 

sin. 9 * 4^9 

Pol. Dist. 

37" ^ 3 ' 

sin. 9*783 

sin. 9*982 

Alt. 

47 H 

sec. 0*168 

Alt. 71 sr 

sec. 0*509 

Azim. 14° 

sin. 9*384 

Azim. Ti° 

sin. 9*980 
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Table 71 , Pfirt 1., 14° and 73° 9*39* 

Lat. sec. 0*009 

gm 2 4-* pj. log. 1*322 

Corr. of lat. 34' pr. log. 0*723 


The oba. are on the same side of the nierid. and of the pr. vert. \ both hour-angles are 
to be marked V ; the comput. int. the lesser : the greater hour-angle is with the greatei 
azimuth ; 34' is to be subtracted from 11° 45', whieh gives the Lat. 1 1 '’ 11' S. 

Ex. 2 . (The Ex. No. TG.').) The computed hour-angle of a. Pavo is ii** 5’“ o* ; the diff. 
of which, and 3*' 6™ tS*, is 7*' 58*“ 42", the computed polar angle, whieh is greater than 
7'' 53"' The error is 4'" 52“. 

The azim. ot u. Pavo is 8'', that of y Crux 71 p; the corr. of lat. by Table 71 , Part I., is 
6', which, since in this case the greater hour-angle ii'‘ 5"* is witli the lesser azimuth, is to 
be subtracted from 56^ 50', and gives Lat. 56° 44" S., as by the other solution. 

Ex. 3 . Dec. ist, 1878, lat. by acc. 41"^ 28' N. ; obs. alt. of Markab, 59° and that ot 
Alhair, reduced to the same instant, 23^ 38' ; both bodies to the S. and E.; ind. corr. —2'; 
height of eye 16 feet; required tlie Latitude. 

II. A. Markab, 22*' 58"' 45*, (led. 14° 33' N. ; P..A. Altair, 19'' 44”' 52*, decl. 8® 33*N. ; 
true alt. of Markab, 58^ 55'; that of Altair, 23® 30' ; xxdar angle, 3'’ 13'“ 52**; Marbab’s 
hour-angle, i‘‘ ii‘“ 44*; Altair’s hour-angle, 4'' 24"* 26*. Tlicn 4'' 24"' .h"— ii»'44* 

= 3*‘ 12“' 4-1*. Azimuth of Markab, 35®; azimuth of Altair, 80®. Corr. of lat. ii' to be 
added to 41® 28'. Latitudk, 41° 39' N. 

Ex. 4 . May ist, 1878, lat. by acc. 29® 48' S ; obs. alt. of Altair, 26® 24', and the ohs. 
lit. of Arcturus, reduced to the same in.staut, 32® 23'; the bodies on dilferent sides of the 
meridian, and to the north ; ind. corr. + 2' ; height of eye 14 feet : required the Latitmle. 

R.A. of Altair, 19'* 44"' 52*, dcel. 8®33'N.; R. A. of Arcturus, 14'' 10”' 9*; dccl. i9°49'N.» 
polar angle, 5'' 34'" 42*; true alt. of Altair, 26"" 20' ; do. of Arcturus, 32^20' ; hour-angle of 
Altair, 3^' 31"* 43*; Arcturus’ hour-angle, z** 2’" 3"; error, o’" 56*; azimuths, 62^ and 34®; 
corr. of lat. 6' to sub, from 29® 48'. Latitude, 29® 42' S. 

769. The error of tlie correction of lat. is directly proportional to 
the error of tlie interval : licnco, when the moon is einjiloyed, her 
R.A. should be computed for tlie actual time at (jlrceiiwich, as <riven 
by tlic chronometer, or found from observation of a lunar distance 
rather than by means of the errom'ons long, by account. 

Ex. April 7th, 183 1, lat, by acc. 34® 40' wS., long. 42° W.; true alt. }) 38° 27' to the 
N.W. At the same time, tnic alt. 0 47® 44' to tlio NE-d ; Or. M.T. by lunar observation, 
2'' 14"' 13“; required the Latitude. 

0 R.A. i'’ 2"' 41', pol. dist. 96 '42'; ]) R.A, 20’* 32"* 28*, pol. dist. 74® 10'; ©’s hour- 
angle o*’ 36"’ 45* E.; 3 ditto, 3'' 35'" 27" \V. ; ©’s az. 14 ' ; :> ditto, 81®; suppl. of diff. of 

H.A. 4*' 10'" 13*. The error of the conqmtcd polar angle is 1"' 59**, corr. of lat. +6', and 

Lat. 34® 46' S. 

This Ex. may be workctl by No. 70 .*! (8), thus; the 5 hour-angle, 3'' 35'" 27", sub 
tracted from 4'* ic" 13’, gives the 0’s hour-angle 34"* 46\ The Reduction to this is 49', 
and Lat. 34® 45' S. 

3. 77/C General Solnflon, for the same, or different IhxUes.^ 

770. (1.) Find the polar angle. This, for the sun, is properly 
an interval of A.T ; but m(*an time is near (mough. For a star, 
st'e No. 753. For the moon or a planet, see Nos. 754, 755. 

* Though this method is general, yet it is not well adapted to cases of short intervals 
(No. 727) 5 because, in su(rh cases, a small arithmetical inaccuracy in the process may 

produce a considerable error in the resulting latitude, as the reader may easily convince 

“bnself by working examples. This is the chief ground on wliicli an approximate and 
Indirect method is often superior, in practice, to the rigiirous method. 

Ill the figure in the note, p. 250 , omitting the lines P D, Z 1 ), and Z P, arc A is A B ; 

^ and B are the places of the same body at different times, or of diflerent bodies ; angle B 
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For different bodies,' it is tlie diff. of their R. A. 

Find tlie polar distances at each observation ; in assigning these, 
one pole must necessarily be assumed as the elevated pole, wlietbor 
the hit. be approximately known or not. Correct the altitudes, and 
reduce them to the second place of observation, and find the zenith 
distances. 

(2.) For the Arc A. Take tlie siippl. of the polar angle; and 
add the pol. dists. together. Add together the log. sine square of 
the siippl. and the log. sines of tlie pol. dists. ; the sum (rejecting 
tens) is the log. sine square of an arc x. 

Put X under the sum of the ])ol. (lists.; take the sum and diff, 
and half the sum and half the diff. Add together the log. sines of 
the last two terms : the sum (rejecting tens) is the log. sine square 
of an arc A. 

(3.) For the ang](? B. Add together the arc A and the two 
polar dists. ; take half the sum, and from it subtract the arc A and 
the outer pol. dist., noting the two remainders. If the half sum is 
the lesser, subtract it from tlie other quantity. 

Add together the log. cosec. of A, the log. cosec. of the outer ])ol. 
dist., and tluj log. sines of the nunainders : the sum (rejecting tens) 
is the log. sine square (d‘ the angle B. 

(4.) For tlic angle C. Add together the arc A and the two 
zenith dists., and from half tlie sum subtract A and the outer zen. 
dist. ; note the two remaiiid(‘rs. If the half sum is the lesser, sub- 
tract it from the other (quantity. 

Add together the log. cosec. of A, the log. cosec. of the outer zon. 
dist., and the log. sines of the two nmiainders : the sum (rejecting 
tens) is the log. sim* .sfjuare of the angle C. 

(5.') For the angle J). This is the sum, or diff., of B and C, 
according to the following directions: — 

III the case of the same body. 


Observations on tb«‘ ,sa}ne side ot‘ the 
Meridian 


0])servations on diffprent sides of the 
Meridian 


Pol. Dist. 
greater than 
Colat. 


Pol. Dist. leas than Colat. 


greater Alt. 
with leaner 
Azirn. 


greater Alt. 
vvith greater 
Azim. 


Pol. Dist. 
greater than 
Colat. 


Pol. Dist. leas than Colat. 

Interval 1 Interval | 
leas than i greater than 


Note. — ^The. diffcii ace of bearing in the interval must be less than i8o°. 


is PBA; angle C is Z B A ; angle D is PBZ, which is PBA-ZBA. When VZ W 
larger and P A smaller^ PBZ may be P B A + Z B A. Then the two sides P B, B Z, wito 
the included angle PBZ, give PZ. 

In the case of two stars, A and B are very nearly constant, and have accordingly been 
computed for certain pairs of stars, and inserted in tables, by which the computation > 
mate) Tally shortened . — Tables for facilitating the Computation of Double Altitudes^ j 
I*iienT, Shadwbll, R.N. 1836. 
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^6.) For tlie Latitude. Take the supplement of D to 180'’ Take 
the sum of the outer polar and zenith distances. 

Add together the log. sine square of the suppl. of D and the log. 
sines of the outer pol. and zen. dists. : the sum (rejecting tens) is the 
log. sine square of an auxiliary arc y. 

Put this arc under the sum of the zen. and pol. dists. ; take the 
3 um and. diff., and half sum and half dilf. 

Add together the log. sines of the last two terms : the sum (re- 
jecting tens) is the log. sine square of the colatitude, reckoned from 
the same pole as the pol. dists. 

Ex. 1. Interval, 3a™ 54* ; the 1st and outer alt., corrected and reduced to the 2d place, 
is 39^4^'^ J 2d alt. 6a® 59' 36" ; outer pol. dist. 104® 24' 30" ; the other, 104® 24' iz". 


For the Arc A. 


Interval 

o*‘ 

32'" 

54 * 




Suppl. 

1 1 

27 


sin. 

sq. 

9*997761 

Pol. Dist. 

104® 

24' 

30" 

sin. 


9*986121 

Pol. Dist. 

104 

24 

12 

sin. 


9*986130 

Sum 

00 

0 

1 

48 

"42 




Auxly. arc x 

150 

3 


sin. 

sq. 

9*970012 

Sum 

358 

52 

24 




Diff. 

JL 

45 

0 




Half Sum 

179 

26 

12 

sin. 


7*992640 

Half Diff. 

29 

22 

30 

sin. 


9*690660 


Arc 

A 7 

-®5/ 52- 

sin. 

sq. 

7*683300 


For the Angle B. 


Arc A 7° 57' 52" 
0?//erp.d. 104 24 30 
Innerp.d. 104 24 12 
2 j6 46 34 
108 23 17 
100 25 25 
3 5^ 47 

Angle B 90° 59^20" 


cosec. 0*858367 
cosec. 0*013879 


sin. 9-99-773 

sin. 8*841384 

sin. sq. 9*706403 


Arc A 
Outer z. d. 
Inner z. d. 


Angle C 


For the Angle C. 


7° 

57' 

52'' 

cosec. 

0*858367 

31 

20 

18 

cosec. 

0*283921 

27 

0 

24 



66' 

"iT 

J4 



33 

9 

17 



25 

1 1 

25 

sin. 

9*629028 

I 

48 

59 

sin. 

8*501014 

51' 

®i6- 

'31" 

sin. sq. 

9*272330 


The observations are on the mine side of the meridian, and the pol. dist. greater than the 
colat, : hence D is the diff. of B and C, and is therefore 39® 42' 49".* 



For the Latitude. 


Arc D 

39® 42' 49" 


Suppl. 

140 17 II 

sin. sq. 9*946759 

Outer Pol. Dist. 
Outer Zen. Dist. 

104 24 30 

31 20 iS 

sin. 9*986121 

sin. 9*716079 

Auxly. Arc y 

135 44 48 

83 45 20 

sin. sq. 9*648959 


219 30 8 

51 59 28 



109 45 4 

25 59 44 

sm. 9*973668 

sin. 9*641773 


79° 55' 24" 

sdn. sq. 9*615441 


Latitude 10 4 36 S. 


* A general rule for assigning the sum or the diff. of B and C, iu tlie case of dij^eTeui 
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This process is less troublesome than it appears. The 1 st and 4 th steps are of the game 
form, as are, also, the 2 d and 3 d.* 

Ex. 2 . Lat. by acc. 12° S. ; true alt. of Sirius, 71° 56' 42", pol. dist. 73° 30' 18^'; true 
alt. of Canopus, 47^ 13' 36", pol. di.st. 37^ 23' 30"’; diff- of R.A. 17™ 29*. Both stars to the 
eastward, and Sirius the ovter one or easternmost. 

The arc x is 99° 22' 15"; A is 36"’ 16^45" ; angle B, 4° 30' 10"; angle C, 100° to' 33": 
the angle D, the mm of B and C, is 104^40' 43". The arc y is 38° 54' 38", and the Lat. 
11° 13' 27" S. 

771. Degree of Dependance. The lat. by double altitade 
affected by the errors of altitudes, pol. dists., and interval, or polar 
angle. The effect is the same, whether by the approximate or 
rigorous process. 

(1.) To find the error of lat. cause<l by 1' error in one of the alts. 
To the log. 3*431 add the log. sine of the azimuth at that alt. and 
the log. from Table 71 : the sum (rejecting tens) is the prop. log. of 
the error required, nearly. 


Ex. Suppose in Ex. I, No. 768 , the alt. of Canopus is 3' in error. 


Canopus az. 14° sin. 9*38 

14° and 72°, Tab. 71 9*39 

l' 8" 2 ’20 


The Error of Lat. is there- 
fore about 3' 24". 


(2.) The error of pol. dist. will be worth notice only in the case 
of the moon, in consequence of her rapid change of declination, and 
the uncertainty of the Green. Date. 

Find the error of each hour-angle in which tlie moon’s pol. dist. 
is involved by No. 615 (3). This gives the error of the computed 
interval ; and the error of the correction of lat. is tiie same part of 
the corr. itself, that the error of the computed interval is of that 
interval. 

(3.) The error of the rate of the watch will rarely be sensible. 


bodies, would require the hour-angles to be known ; but the observer who is well acquainted 
with the positions of the circles, as shewn in the figures, p. 141 , will perceive at the time of 
observation how the angle D is composed. 

* When the lat. is found, the hour-angle and azimuth may be computed thus : — 

For the hour-angle. To the log, sine of D add the log. sine of the outer zen. dist. (already 
taken out) and the log. sec. of the lat. : the sum is the log. sine of the hour-angle corre- 
sponding, or of its suppl. Circumstances will usually decide ; but, in a doubtful case, take 
the sum of the log. sines of the decl. and lat.; if this is less than the log. cos. of the zen. dist., 
the hour-angle is found ; if greater, take the supplement. 

For the azimuth. To the log. sine of D add the log. sine of the outer pol. dist. (already 
taken out) and the log. sec. of the lat. : the sum is the log. sine of the azim. or its siipph 
If this is doubtful, when the sura of the log. sine of the lat. and cos. of the zen. dist. is less 
than the log. sine of the ded., the azim. is found; if greater, take the suppl. Reckon tly* 
azimuth from the N. in N. lat., and S. in S. lat. 
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V. By the Altitude of the Pole Star. 


772. The Observation. Observe the alt. of the pole star, noting 
the time. On sliore, note also tlie thermometer and barometer. 

773. The Computation. At Sea. (1.) Tlie error of the Watch 
on A.T. being known, take the R.A. of the sun from the Nautical 
Almanac, or Table 61, and add the A.T. of observation to it: the 
result is the ll.A. of the meridian. 

(2.) Correct the alt. for index-error, dip, and refraction. 

(3.) Enter Table 51 with the R.A. of the mer. and the alt.; take 
out the correction, and apply it as there directed : the result is the 
latitude, north. 


Ex. 1. July 5th, 1878, at ii** 2'” p.m. 
app. time, obs. alt. of the pole star, 51^^ 20" ; 
ind. corr. +2'; height of eye 16 feet; re- 
quired the Latitude. 

Ex. 2. March nth, 1878, at 3** 30"* a.m. 
app. time, obs. alt. of the pole star, 53° 51'j 
ind. corr. —3'; height ot‘ eye 12 feet: re- 
quired the Latitude. 

App. Time 

R.A. © 

I 1 ^ 2'“ 

0 ^^PP- Time 

R.A. © 

1 51* 30*" 

23 26 

R.A. Mer. 

i8 0 


38 56 

sic Obs. Alt. 

Ind. Corr. 

Table .38 — 5 ) 

5 io' 

— 3 

R.A. Mer. 

He Obs. Alt. 

- 24 

J4 56 

53" 5»' 

— 7 

i8** 0™, Alt. 50° 

51 n 

+ 27 

Jiul. (.‘orr. — 3' } 

Table 38 — 4 J 

Lat. 

51 44 N. 

j 1 5** o"', alt. 50° 

Lat. 

53 44 
+ I 12 

54 56 N. 


. 774. Accurately. (1.) Find the Greenwich Date; reduce to it 
the Sid. T. at mean noon; take out the star’s R.A. and deck from 
the Nautical Almanac, and find the pol. dist. 

Find the star’s hour-angle. 

(2.^ Correct the altitude, accurately. 

(3. ) For the 1st Correction. To the log. sec. of the liour-anglc 
add the prop. log. of the pol. dist.: the sum (rejecting tens) is the 
prop. log. of the 1st Correction. 

For the 2d Correction. To the log. cosec. of the hour-angle add 
the prop. log. of the pol. dist. ; double the sum ; add to this the 
const. 1*5821 and the log. cot. of the altitude: the sum (rejecting 
tens) is the prop. log. of the 2d Correction. 

(4.) When the liour-angle is greater than 6** and loss than 18*’, 
the 1st Corr. to the altitude; when the hour-angle is less than 
or greater than 18*', subtract it. 

^dd the 2d. Correction in all cases. 
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Ex. July 24.th, 1878, long, 6m. W. ; at 10** 44"' i2*'8 obs. alt. of Polaris in the 
quicksilver, 109° 36' 40''; ind. corr. — i' 30% therm. 62®, bar. 30*0 inches: required ths 
Latitude, 


Gr. Date, 24tb, 10'* 30™ 13“ 

Sid. T, mean noon, 24th 8** 8“ i8**2 
10^ i »38»‘6'| 

30™ 4 *9 t + 1 43 *5 

n" 

Red. Sid. Time 8 10 i *7 
M.T. 10 24 12 *8 


R.A. Mer. 

3 *^ U. A. 
Hour-angle 
Or 

1 st Corr. 

5‘‘20“I2* Sec. 07625 
P.D. 1° 20' 29" P.L. ^3496 
1st Corr. 13' 54'' P.L. 11121 


18 34 ,4-5 

— I 14 2*1 

17 20 12 *4 
5 20 12*4 
2d Corr. 
cosec. o‘oo66 
P.L. 0*3496 
0*3562 
2 


0*7124 
Const. 1*5821 
54® 47' cot. 9 ^87 
2d Corr. i' 16" P.L. 2*1532 


*K..A. 

Decl. 

Alt. 

Ind. Corr. 


Ref. 4i"\ 
Ther. i / 
True Alt. 
1st Corr. 

2d Corr. 

Lat. 


1^ 14* 2»*I 

88° 39' 31" 
ioq°36' 40 
— I 30 
3S jo 
S4~47 35 
-40 

13 54 
16 

55 a 5 N. 


775. Degree of Dependance. Tlie error is very nearly the same 
as that of the alt., as a small error of time produces but little effect. 


CHAPTER VI. 

Finding the Time. 

r. By a Single Altitude. IL By Difference of Altitudk 
NEAR THE Meridian. III. By Equal Altitudes. IV. Katinu 
THE Chronometer. 

776. In consequence of tlie perpetual revolution of tlie celestial 
bodies, the hour-angle of any one of them affords the measure of 
time, No. 471, &c. By whatever method, therefore, the hour-angle 
may be determined, the time may be deduced. At sea, where tlie 
only fixed object to which the ever-changing positions of the celestial 
bodies can be referred is the horizon, altitude is the only means of 
determining the time. 

I. By a Single Altitude. 

777. The sun's hour-angle being apparent time, when his alt is 
observed, the time is at once determined. In the case of any other 
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celestial body which does not pass tlie meridian with the sun, it is 
necessary to allow for the difference of their hour-angles, or of their 
right ascensions (No. 471), at the instant of observation, by referring 
both bodies to the first point of Aries (from which R.A.is reckoned), 
as will be described. 

1 . A Ititude above the Horizon, 

778. Limits, The body should be nearly E, or W., because, 
when on the prime vertical, errors, both of the latitude of the 
observer, and of the altitude observed, produce the least eflPect on 
the hour-angle. 

In general, however, the body may be observed at any time, 
wliile moving at the rate of not l(?ss tliaii & of alt. in 1"‘ of time; 
because in this case an error of 1' in the alt. will cause not more 
than 10** error of time, and the same error of lat. will in the same 
case cause a still smaller error of time. Tlie smallest azimuth, 
reckoned either from N. or 8., which tlie body can have under this 
last condition, is seen in Table 46, in the column of G'. 

On the other hand, the alt. should not be observed when small, 
as, for ex., under 10® or 15®, on account of the uncertainty of refrac- 
tion, especially in very hot or very cold weatlun*. 

779. In lat. 60® 24' and upwards, 1' error of alt. must always 
cause more than 10* error of time ; the. body should therefore be 
observed as nearly E. and W. as possibh?. 

In the tropics, on the other hand, the time may often be more 
correctly determined, when the body is less than an hour from the 
meridian, than at several hours from it in high latitudes. 

At sea, the uncertainty of the sea-horizon may sometimes be 
removed by observing to op])Osite points. Errors of alt. proj>er to 
the instrument, o^* to the eye, are obviated by observing the alt., 
of the same measure, on opposite sides of the meridian. 

[1.] To find Apparent Time, and thence Mean Time, hy the Altitude of the Sun. 

780. The Observation, Observe a set of altitudes, (Number 657) 
at the proper limits, noting the times. See also No. 535. 

For accuracy, note the thermometer and barometer. 

781. llie Computation, (1.) Having found the time corre- 
sponding to the altitude, find the Green. Date by the chronometer 
No. 575, which will be mean time ; or by the time roughly estimated 
and the long, by acc., No. 576, which w ill generally be App. Time 
Reduce to this the sun’s declination. No. 580, or, for common pur- 
pose’s at sea, this may be done by No. 579. Find the sun’s polar 
distance, No. 443. 

When mean time is required, reduce the Equation of Time, 
No. 583 or 684. 

(2.) Correct the alt. at sea by No. 647, or, if greater accuracy is 
required, by No. 649. 

(3.) Compute the sun’s hour-angle. No. 614. 

(4.) When the sun is to the W. (or p.m.), this hour-angle is 
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Apparent Time ; when he is to the E. (or A.M.), subtract the hour 
angle from 24** : the remainder is A.T. reckoned on the da^ before, 

(5) For Mean Time. Apply the reduced equation of time as 
directed in p. I. of the Nautical Almanac, or in Table 62, to the 
App. Time: the result is Mean Time. 

The ditference between the time of observation, as shewn by the 
watch, and either of these times, is the error of the watch on that 
time. 


Ex. 1 .* Jan. i2th, 1878, at sea, at about 9** 30“ a.m. app. cime ; lat. 35® 55 N. ; 
long. 14® W.; height of eye, 30 feet; ind. corr. +4' 30"; obs. alt. of sun as below; 
required app. and mean time, and the error of the watch on each time, at the instant of 
observation. 


X^oie . — The differences of the alts, and the times are taken to test their accuracy by 
means of their agreement with each other. No. 556 . 


Times by W. 


Time 


Jan. 

Long. 14® W. 
G.A.T. Jan. 
Decl. II'* 

Corr. 

Red. Decl. 

Pol. Dist. 

Kq. Time ii‘* 
Corr. 

Red. Eq. Time 


qh 30™ 28* 
31 3 

31 34 
3 ^ 7 

3 ^ 34 
>57 46 
9 31 33 

ii<» 21" 30*" 

+56 


II 22 26 

21® 

47' 

i" 


-8 

52 

21 

3 ^ 

9 ■ 

90 



1 1 1 

38 

9 

8- 

" 14' 

“95 


22 

'O^ 


37 

00 


Diff. 
o'" 35" 

31 

33 

27 


Alt. 22® 18' 20' 
^3 

26 50 
30 40 
34 

>3^ S Q 
Alt. 22 26 34 


Diff. 
4' 40' 
3 50 
3 50 
3 20 


Obs. Alt. Q 
Index error 
Table 38 

True Alt. 


22° 26' 34' 
+ 4 30 
+ 8 o 

39 4 


Alt. 22“ 39' 

Lat. 35 55 

P.D, 1 11 38 

170 12 

T5 T 

62 27 

Hour-angle 2*’ 27"* 56* 
A.T. 21 32 4 




A.T. at Ship 

21*' 

32"" 4 " 

sec. 

0*09158 

Watch 

21 

31 

J1 

cosec. 

0*03172 

Watch slow for A.T. 


0 




A.T. at Ship 

21 

32 

4 

cos. 

893 >54 

Eq. Time 


-h S 

J1 

sine 

9*94773 

M. Time 

2 1 

40 

4 J 

sin. sq 

. 9*00257 

Watc.h 

21 

3 > 

33 



Slow for M.T. 


9 

8 


Ex. 2 . March 12th, 1878, at about 4'* 15"' p.m. mean time, lat. 50® 48' N., long. 
65° 58' E.; obs. alt. Q 14"^* 50' 10^; corresponding time by W. 4*' 13'" ^4"; ind. corr. 
— 2' 20^; height of eye 18 feet : required A.T. and M.T. and the error of the watch on 
each. 

G.M.T. March ii** 23*' 51™, pol. dist. 93° 15', true alt. 14° 55', Eq. T- +9"’ 55*; hour- 
angle p..d. or A-T. 4** 5*" 54* ; watch /a«f on A.T. 8"* ; M T 4** 15"* 49", watch slow on 

M.T. 


* In this example some of the quantities are noted to seconds for the sake of a form ; 
but at sea the nearest minute ( to which the hour-angle is here worked) is generally enough, 

unless the observation itself is remarkably good. 
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Ex. 3 . Oct. 2oth, 1878, at sea, at 4*' 40™ p.m. app. time ; lat. 41° 18' S., long. 21° W ; 
height of eye 16 feet ; ind. corr. — 2' ; at 4** 28™ 56® by watch, obs. alt. Q 23“ 7' ; required 
ft .T. and M.T. and the Error of the Watch on each. 

G.A.T. Oct. 2o<> 4™, pol. dist. 79° 31' true alt. 23° 15', Eq. T, — 15’" u*; A.T, 

j2"‘ 42« ; Watch slow on A.T. 3“ 46"; M.T. 4** 17™ 31* ; Watch fast on M.T. 1 1*" 25* 


[2.] To find Mean Timej and thence Apparent Time, by the Altitude of a Star. 

782. T7ie Observation is the same as for the sun, Nos. 541, 542. 

783. The Computation. (1.) Having found tlie means of tlie 
times and the altitudes, take from the Nautical Almanac, or Table 63, 
the star’s R.A. and declin., and also from the Nautical Almanac the 
sidereal time at mean noon for the given day. 

(2.) Correct the altitude. No. 652 or 653. 

(3.) Compute the star’s hour-angle. No. 614. 

(4.) When the star is to the W. of the meridian, add the hour- 
angle to the star’s R.A.; wlicn to the E., subtract tlie star’s hour- 
angle from its R.A. (increased if necessary by 24^) ; the result is the 
R.A. of the meridian. 

From the latter (increased if necessary by 24*^) subtract the sid. 
time at mean noon ; the rein, is the a])])roxiinate M.T. 

From tills last subtract the Retardation ujion it. Table 24. 

Take out the Acceleration for the long.; in W. long, subtract 
tlie Accel, from the result, in E. long, add it; the result, if less than 
12^ is Mean Time; if greater than 12'‘, reckon the time on the 
jireceding day. 

(5.) For App. Time. Ry the M.T. obtained, and the long, by 
acc., or by the chronometer, find the Gr. Date ; reduce tJic ecpiatiou 
of time and apply it as directed in ]). 11 of the Nautical Almanac, or 
the contrary way to that directed in Table 62. 

Ex. 1 . Jan. ist, 1878, p.m., lat. 50"^ 46' N., long. 61° 37' W., at 7*’ 56'" 18' by watch, 
obs. alt. of Procyon 15° 40' to the S. and E., eye 20 feet, ind. err. o' ; required the Mean 
■nd App. Times, «and the Error of the Watch. 


Procyon’s R.A. 7’’ 32"* 57® ; Dccl. 5° 32^ N. ; Sid. T. mean noon, 18^ 44™ i". 


t)h. Alt. 

1 5° 40' 

Alt. 15^32' 


llour-angie —4^ 

48' 

33 * 

Ind. Corr. 0' 1 
Table 38 -8 j 

-8 

Lat. 50 46 

see. 0*19895 

sje R.A. 7 

32 

..11 

P.D. 84 

COSCC. 0’0020 3 

R.A. Mer. f + 24^) 2 

44 

"24 

True Alt. 


150 46 


.Sid. T. M. Noon -18 

-14 

I 



75 23 

cos. 9 -.4 0200 

Approx. M.T. S 

0 

13 



1 59 51 

sine 9*93687 

Ret 

~ I 

12- 



4*' 48'" S 3 » 

si)>.S‘'. 9 * 539 S <; j 

7 

5 ') 

4 




Accel. 61’' 37"’ 

— 

40 





M.T. 7 

5 » 

14 





'I'iine by Watch 7 

J6_ 

18 





' Watch slow on M.T. 

2 

6 


The Red. Eq. T. is 4™ 6», which subtracted from M.T. gives A.T. 7^ 54'“! 8% and lha 
on A.T. 2'" o* 
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Ex. 2 . April 27tb, 1878, A.M., lat. 29*^ 47 S., long. 31® 7' E. at 2»' 19“ 41* ^ 

watch, obtained true alt. of Altair 25® 14' 20* to the E. and N : required the M.T. ol 
observation. 


Altair’s R.A. 319** 44“ 52% Decl. 8® 32' 39" N., Sid. T. M. Noon 17® 25*. 


Alt. 25^14' 20" 

Lat. 29 47 45 

V.D. 98 32 39 

£i 3 _ 34 _44 
76 47 22 

51 33 2 

3" 37 '“ » 3 ‘ 




Hour-angle 

- 3 " 37" 

23* 

sec. 

o’o 6 i 56 i 

* 11 .A. 

19 44 

5» 

coscc. 

0004847 

R.A. :Mcr. 

16 7 

29 



Sid. r.M. Nooa 

-2 17 

^5 

cos. 

9358944 

Approx. M.T. 

13 50 

4 

bin. 

_? ‘^93^49 

Ret. 

— 2 

16 

bin. sq. 

9 3 * 9 -*^* 






Accel, long. 31° 7^ E. 

+ 0 

20 



Mean Time 

13 4 ^ 



[ 3 .] To find Mean Time, and thence Apparent Time, by the Altitmle of the Moon 

or a Planets 

784. The Observation is the same as for the sun. See, also, 
Nos. 540, 541, 542. 

785. The Computatio7i. (1.) Having found the means of tlie 
times and of the altitudes, find the Gr. Date a‘s nearly as possihlo 
hy the chron.. No. 575, or by tlie estimated j\l.T. and long, by ace.., 
No. 576. Keduce the moon’s R.A., No 591, and decl.. No. 589, 
and thence lier pol. dist. ; also her liori/. parall.. No. 586 or 587, 
and scinid.. Table 39. 

(2.) Dedu(*e the app. alt.. No. 654. Take out the correction of 
alt.. Table 39, Correct the altitude. 

(3.) Compute the hour-angle, and proceed as for a star, 783 (4). 


Kx. 1 . July 2ist, 1878, A,M., lat. 39® 57' 
20'‘ 1 1** 48% obs. alt. ^ 24® 10' 10. of iiier. ; 


ys R.A. 

q 1 i 

Corn 

I 26 

Red. R.A. 

o" 34 45 

3 >’s Red. H.P. 

54' n" 

Aug. Scinid. 

H 53 

3 *s Decl. 

8® 26' 35" N. 

I 2 

Red. Decl. 

8 27 “37 N. 
90 

Pol. Dist, 

81 32 23 

Alt. 25® 8' 

Lat. 39 57 

sec. 0-11543 

Poi. Dist. 8 1 32 

cosec, o'oo 476 

146 37 

73 

CO.S. 9-45822 

48 lo.i- 

sin. 9*87226 

4 “ 16™ 45 ‘ 

^ sin. sq. 9 45067 


Ex. Fch. 22d, 1878, at about 9’' 30™ 
JNJars 23® 43' VV. of men, time by watch o'* 2 
of Watch. 

(r. T. Feb. 22** 18^ 50"', IMar’s Red. It. A. 
*3 37'. 


V., long. 8® 53' E. ; M.T. at Green, by chroa, 
.•ye j6 feet. 


Obs. Alt. 

24® lO 


Dip. -4'y 

Seinld. + 1 5 j 

+ II 



24 21 


Corr. Par. 

+ 47 


True Alt. 

25 8 


ys R.A. (-1-24^) 

0” 34’” 

45 * 

Hour-angle 

— 4 16 

45 

R.A. ol incr. 

20 18 

0 

Sid. T.M. Noon 

7 5 ^ 

3* 

Approx. M.T. at ship 

12 25 

28 

Ret. 

— 2 

2 


12 23 

26 

Accel, for 8® 53' E. 


.-6 

M.T. at Ship 

12 23 

32 


'.M., lat. 42° 40' N., long. 140® W., oh*?. '«h. 
p 27* P.M., eye 18 feet: find M.T. and lOrrcr 

-** 47 “ 33 "» R«d. Decl. 17® 10' N., True Ah* 
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Alt. 

*3° 37 



I loiir-anole 

4** 

53” 

39- W. 

Lat. 

40 

sec. 

0-133^ 

Mars’ U.A. 

2 , 

J:Z_ 


PD. 

72 50 

cosec. 

0*01979 

1 11 . A. of Mcr. 

7 

41 

12 


>39 7 



Sid. 'r. M. Noon 

2,2 

9 

2 


69 33i 

cos. 

9*S43i4 

Approx. Ai.T. 

9 

32 

10 


45 56 J 

sin. 


Ret. 


— I 

34 

4“ 

53“ 39* 

sin. sq. 

9’55297 



30 

36 





Accel. 140 ° W. 


— ■ I 

3^ 





M.T. 

T 

29 

4 


Whence the watch is 4 ™ 37 * slow on M. T. 

786. When the true G.M/r. is given by a chronometer, the 
moon’s II. A. and declination may he correctly foTind. When the 
moon is at her greatest declination, N. or S., a small error in the Gr. 
Date will but slightly affect her pol. dist. An error of 1'” in the Gr. 
Date causes about 2* error in the moon’s reduced U.A. 

787. If the errors of tlie watch, as found by observation of two 
bodies on different sides of the meridian, but on the same side of tlie 
prime vertical, by the same observer with the same instrument, be 
not identical, tliat error is lu^arest to the true error of the watch 
which accompanies the greater or outer azimutli. If the azimuths 
arc e(|ual, the mean of the errors is the true error. 

788. ])e(jree of ] )pj>c7ulnnce. TJie alt, and the lat. being in 
general, at sea, more or less uncertain, and tlic pol. dist. of the smi 
and moon being reducible witli precision in certain cases only, the 
time is in general liable to three causes of error. See No. 615. 

When it is ])roposcd to test the observation, the parts to 30'' for 
the sec., &c., will be taken out with those quantities. 


2. Ihj the Altitude 0, or the Body on the Horizon, 

789. In low latitueles the entire orb of the sun is, during certain 
seasons, fre(][uently seen at rising and setling ; and in tbe variable 
climates of high latitudes it is occasionally visible, though more 
usually clouded at those times. When the instant at which either 
limb touches the horizon can be distinctly noted, the time may be 
determined approximately; and though tlie degree of approximation 
be rude as compared with some other methods, yet the result may 
often be valuable, especially after one or more days without obser* 
vation. It is also a recommendation to this method, as a resource 
when others fail, that it is independent of every instrument except 
a watch or other means of measuring time.* 

(1.) Find the time of sunrise or sunset in Table 26. Apply to 
this the long, in time, as directed, No. 576 : the result is the Green. 
Hate. Reduce the declination, and find the pol. dist. 

(2.) To the horizontal refraction, 33', add the depression. Table 8, 
from the sum subtract the semid. when the lower limb is ob- 


* Mr. Fisher acquaints me that he has employed this observation on a few occasions, 
hut circumstanres were not convenicnf for conipariny; the results vrith those of othcit 

oh^ervationa. 
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served, or add it when the upper limb is observed : the result is the 
angular depression of the sun’s centre below the horizon at the 
instant of observation. 

(3.) Compute the hour-angle of the sun below the horizon by 
No. 642, using, instead of 18®, the sun’s depression.* 

(4.) At sunset this hour-angle is app. time; at sunrise take the 
suppl. to 12 hours-t 


Ex. 1. May I2th, 1S78, lat. 51® 20' N., lon^. 26*^ W., observed the sun’s lower limb at 
cetting touch the horizon at 7’' 40'” 56* by watch; eye 16 feet: required App. Time. 


O Dccl. 18°, Table 26 gives 
App. Time Sunset 7^‘ 35“ 
Long. 26^ W. I 44 

G.A.T. 12th 9 19 


Decl. 1 2th 18° 10' N. 

Corr. + 6 

Red. Decl. TTlb N. 


I lor. Rcfr. 33' 

Depr. 

0° 

21' 



Depr. 4 

Lat. 

51 

20 

sec. 

0*20427 

37 

P.D. 

71 

±4- 

cosec. 

0*02246 

Semid. —16 


123 

25 



Depr. Centre 21 


61 

42 

sin. 

9'94472 



61 

21 

cos. 

9'68o75 

A.T. 7 




sin. sq. 

985220 

Watch 7 

' 40 




o 49 Watch yh*#. 


Ex. 2. Oct. 14th, 1878, lat. 18° 39' N., long. 62° 3c' E., the sun’s upper limb at rising 
Appeared on the horizon at 5’* 46“ ii* by watch; eye 20 feet: reqiiirctl App. Time. 

Gr. Date, Oct. 13** 14’* o“, red. dccl. 3' S. ; depr. of sun’s centre 54'; Hour-angle 
5*» 52“ 54*; App. Time 6'' 7“ 6* a.m. ; watch 20™ 55* slow on A.T. 


790. Degree of Dependance. This we have at present no certain 
data for determining, more especially when the observation is taken 
from a considerable elevation, as from a lull. 

The terrestrial refraction does not, it sliould seem, affect the 
instant of the apparent passage of a celestial body over tlie visible 
horizon, since the rays of light from the horizon and those from the 
body are similarly atfected; and hence the uncertainty of the result 
is probably due entirely to tliat of the astronomical refraction at the 
time and place. It may be j)roper, accordingly, to admit an error 
of 2^ at least, in the refraction ; and the efleet on the result is then 
found by merely adding together tlie parts for 30" of the cosine 
and sine, dividing the sum by the parts for 1* of tlie sine square, and 
doubling the result. 

Ex. In Ex. 1 , above, the p.irts are 34 and 116; the .sum, divided by 20, gives 7 
which, doubled, is 15", the effect due to 2' error in the refr. In Ex. 2 this is 8*. 


’•'In the tropics the method No. 6.38 may be substituted, using log. sine depr. © cent, 
f Tables for finding by inspection the long, by chron. at sunrise and sunset, by Com- 
taander H. B. Weston, I.N., are published by the Hydrographic Office 
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IL By Difference of Altitude near the Meridian. 

791. When the sun is too near the meridian for a satisfactory 
)bservation of a single altitude, the time may he determined a])prox- 
inately, and sometimes nearly, by means of the observed dilference 
3 f‘alt. in a measured interval. 

The method has been already introduced in the Short Double 
/Vltitude, p. 2d8, and it was on the ground that the same observation 
might be usefully employed for Time also, that the small corrections 
Troui p. 205, which are scarcely appreciable in the resulting latitude, 
were applied. It is also worth while, in finding the time by this 
method, to correct for change of declination. 

The method (as already shewn in Case II., p. 241) is available 
with alts, taken on both sides of the meridian; but, as this cas(j 
would be corn])aratively rare, the rules have been arranged for 
observations on the same side of the meridian only.* 

792. Limits. The observations should both be within an hour 
from noon. The interval should constitute a large portion of the 
mid. time from noon ; but it should not, generally, amount to the 
whole time from noon. 

2"lie Observation is that in No. 720. 

793. 21ie Comjmfation. (1.) lleduce the declin., by the long., to 
noon at the place, which will l)e near enough. 

(2.) Find the interval, and correct the second of the times by 
watch for the rate in tlie inrerval, when considerable. Correct the 
alts., and reduce the 1st to tlie ])lace of the 2d ; iind their mean and 
their difference. Correct the dill*, of alts., and also the interval by 
the quantity in the Table, ]). 205. f 

(3.) Compute the hour-angle at the middle of the interval, 
No. 729 (2), and add half the interval. When the observation is r.M. 
tins is App. T., and being compared with the second time by watch, 
shews the error of the watch. When the observation is a.m., take 
die suppl. of this time to 12'\ 

If the rising or falling of the sun lias not been distinctly noticed, or it is uncertain 
^ HI her the alts, are on the same or different sides of the meridian, ascertain the fact by the 
precept, No. 728. 


ob reason, namely, not -to incre.ase unnecessarily the number of precepts, the 

below the pole is not treated ; this presents no diffieiilty. 

. I This is the quantity which, added to the sine, makes it equal to the arc, and by mean^» 
"'e employ the table of sines equally well for arcs. 
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Ex. 1. May 14th, 1878, about a.m., lat. 48° 4' N., long. 21° 11' W., at ii** 28"* Kf 
by watch, oba. alt. 0 58^9'; at ii‘‘ 52"' 50* by watch, obs. alt. 0 59^39'; ind. corr 
— 20" ; height of eye, 16 feet ; rate, si knots ; 0 a-hcad at 1st obs. : required the Error 

of the Watch. 


Times by 1 

ll^** 28™ 20* 

Alt. 0 


0" 

Alt. 0 59° 39' 

0" 

Watch / 

II 52 50 

Ind. Corr, 

— I 

20 

— I 

20 

Interv. 

24 30 

Dip 

—4 

0 

— 4 

0 

Corr. 

+ 3 


58 3 

40 

59 33 

40 


24 33 

' Corr. Alt. 

-32 


.30 

© Decl. 14th 1 8° 40' N. 

Semid. 

58 3 

8 

59 33 

10 

21° W. 

4- I 

15 

_S±_ 

+ >5 


Red. Decl. 

18 41 N. 

Run 

1 st Alt. 

58 18 

■X- % 

58 21 

59 

12 

1 1 

2 d Alt. 59 49 

I 

Diff. Alts. 

i»Z 7 ' 51 ' 

sine 

8*4074 

j Hour-angle 



24" 
48° 4' 
18 41 
59 5 


' 33 * 


Interv. 

Lat. 

Deel. 

Mean Alt. 

Hour-angle o*‘ 44"’ 44* 


CO sec. 

sec. 

sec. 

cos. 

sine 


0*97 10 
0*1750 
0*0235 
9*7108 
9*2877 


Alts. 

58= 

'21' 

II 


59 

49 

I 


118 

10 

12 

Mean 

59 

5 

"T 

Diff. 

1 

27 

5 <^ 

Corr. 



+ I 


1 

~ 

Si 


Comp. Mill. T. 

Half Int. 

T. of 2 il Obs. computed 
Do. by Watch 

Watch 


44 ”' 44 " 
16 


1 ^5 

+ 12 


II 27 31 

i_!_52 50 


Ex. 2 . Lat. 10° 41' S., red. decl. 20° 56' N., alts. 0 58° 2' and 57° 17', interval 
Computed App. Time of 2 d Observation, o*‘ 39'“ o*. 


794 . Correction for Change of Declination, Wlien tlic sun is on 
the meridian, liis motion in declination (whicli tlion takes ))lace 011 
the meridian) is perp. to tlie horizon, and consequently atieets thr 
alt. by exactly the same quantity. Wlien, on the other hand, that 
part ol‘ the sun’s celestial meridian or declin. circle, on whitdi he is, 
is parallel to the horizon, his change of declin. docs not affect the alt. 
at all. Hence tlie corresponding change of alt. is always between 0 and 
the whole amount of change of declination. 

Tlie 2d alt. differs therefore by the whole, or a part, of the cliaiifre 
of declin. in the interval, from what it would have been had the derl. 
remained constant. When the motion in declin. tends to increase tlu* 
alt. the 2d alt. is too great; otherwise too small. There is, however, 
no necessity, in this method, for a very nice process of correction, for 
when the mer. alt. is small, and the sun not far from the meridian, tlio 
motion, in declin. corresponds very nearly to tliat of alt., and tlie entire 
change may be applied; and when, on the other hand, the mer. alt. is 
great, the motion in alt. is so rapid, that a few seconds, in the estimation, 
are of no consequence in practice, or the whole quantity may c\en bo 
neglected. 

Ex. 1 . May 3rd, 1878. lat. 26° 14' N., long. 161® W.,at lo** 31"' 18" by watuh, obtamul 
true alt. O 71° 49', and at 11** 7'” 21* true alt. 77^ 46': find the Error of the Watch. 

The Hour-angle is 46™ i8*, Mid. T. ii** i3«‘ 42*, and Watch slow 24”’ 22*. 

Ex. 2 . Nov. 4th, 1878, P.M., lat. 63*^ 46' N., long. 54“ W., at 2'* 14'" 56* by watch, oh**- 
alt* 0 10° 18' aijid at 2** 36"' 27** obs. alt. 0 10^ 7 .' 29". Ind. corr. +2', height of <*3‘ 
16 feet, the ship having no way. 

The diff. alts. I 5' 40", and Int. 21™ 32* (corr. by i*), give Mid. T. 25'" 46*. The chan;i<’ 
of decl. 17"', added to 2 d alt. gives diff. alts. 15' 23% and corrected Mid. T. 25™ 18^. 

795 . Degree of Depeadance, As the interval may be measun^ 
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With precision, and as the lat., declin., and alt., are required approx- 
imately only, the value of the result depends almost entirely on the 
diff. alts. 

(1.) The error of the mid. time due to a given error in the diff. 
alt. is found by taking away the sine employed, and adding that of 
the diff. alts, vitiated by a proposed error. The result is more 
trustworthy as the diff. alts, is greater. 

In Ex. 1 , No. 793 , lat. 48* 4'N., an error of 30'' in the cliff, of alts, causes i5* error of 
hme ; the obs. alts, would be better nearer noon. 

Ill Ex. 1, No. 794, 30'' error of diff. alts, causes 4* error of time. 

In Ex. 2 , No. 793 , 30'' error of diff. alts, causes 22* error of time. 

In Ex. 2 , No. 794 , lat. 63° 46', 30" error of diff. alts, causes 48**. The case is unfavour- 
able from the smallness of the motion in alt. 

(2.) The chief merit of the method is its in.sensibility to an error 
111 the latitude, which, under the same circumstances, renders tljc 
observation of a Single Alt. useless. The etlect of a proposed error 
is found by changing the .sec. lat. before employed for the se^. of 
the lat. proposed. 

In the following examples the effect of an error of lat. in the result by Single Alt. also is 
noted for coniparisoii of the two methods. 

In Ex. 1, No. 791 , lat. 26° 14', 10' error of lat. (that is, using 26° 24') causes o ly 4“ 
error of time. The effect of this error on the time by the .‘tingle alt. yi"" 49' would be 2S^ 

In Ex. 2 , No. 793 , 10' error of lat. causes 1* error of time. The error of time by the 
single alt. 57^^ if would be 2'“ 9*. 

Since a single alt. very near the meridian cannot be employed 
for liiidiiig the time, and since the latitude at sea is usually iiiicor- 
tain some miles, unless it has been determined very recently, the 
above method is adapted to finding clie time at ship during that 
portion of the day when the single altitude is not practicable. 


III. By Equal Altitudes, 

796. Since the altitude of a body which docs not cliange its 
declination varies exactly at the same rate while rising on the Jv side 
of the meridian as while falling on the W, side, the same altitude 
occurs at the same hour-angle on eacli side of the meridian, and the 
middle point of time between the instants of two equal altitudes is 
tlie instant at which the body passes the meridian. Hence the time, 
and, consequently, the error of the watch, may be found by observa- 
tion of equal altitudes. 

In the case of the sun, the middle point of time, or the mean of 
the observed times of equal altitudes a.m. and p.M.,is apparent noon. 
In the case of a star, or other celestial body, the mean of the 
observed times corresponds to the R.A. of the star when on tb.e 
meridian, that is, to the sidereal time, which may be converted into 
^^•T. or M.T 
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797. Since the sun changes his declination sensibly in large 
intervals of time, two equal alts. a.m. and p.m. do not in general 
correspond to equal hour-angles, and it becomes necessary to apply 
to the mean of the observed times a correction, which is called the 
Equation of Equal Altitudes. 

The object of the computation is to find what time the watch 
shewed when the body was on the meridian; the rate, therefore, 
does not affect the result, unless it is irregular, in which case the 
mean of the a.m. and p.m. times is not the time shewn by the watch 
when the interval is half expired. 

In like manner, the variation of the sun’s motion in R.A. (which 
is the variation of the equation of time) produces no effect, provided 
it be uniform. The irregularity of this variation is inconsiderable 

1. Equal Altitudes at Sea. 

798. When the course made good during the interval of tiie 
observation of two equal altitudes is true E. or W., the ship clianges 
her longitude only by the portion of time which she gains or loses 
on the sun in the interval ; this change introduces no correction, and 
the only question is the time by watch when the interval is half 
expired. 

But when the ship changes her latitude, the same altitude no 
longer corresponds to the same time from noon, and a correction 
becomes necessary. 

799. This method, though but approximate, has some advantages: 
it is independent of the terrestrial refraction, provided this remains 
unchanged in tlie interval employed ; and the correction for change 
of hit., when necessary, requires the lat. and alt. to be but roughly 
known. 

In the tropics the interval may in general be very small, on 
account of the rapid change of altitude, and the correction for changt* 
of latitude in sucli cases may sometimes be omitted. In high lati- 
tudes, on the contrary, the ship^s change of latitude consideral)ly 
alters the time from noon at which the 2d alt. (which should be equal 
to the 1st) is taken: hence, in such cases, the method is less useful. 

Note — As the equation of equal alts, is generally a small quantity as compared with the 
correction due to change of j)lace, we shall not here consider it. If, however, it is required 
to introduce it, proceed afterwards to No. 806. 

800. The Observation. Observe the sun’s alt. before noon, noting 
the time. Note the instant of the same alt. of the same limb p.n. 
For greater accuracy, several equal alts, should be obtained. 

When the motion in alt. is quick, both limbs may be observed. 

801. The Computation. (1.) Take the mean of the a.m. and p.m. 
times by watch ; this, when the ship does not change her lat., is tlie 
time by watch of apparent noon ; when the lat. changes, this time is 
the time of approximate noon. 

(2.) Correction for change of latitude. With half the interval as 
an hour-angle compute the azimuth, No. 676. 

To the log. sine of half the D. Lat. made good, add the log. sec* 
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of the lat., and the log. cotan. of the azim. : the sum rejecting lens, 
IS the log. sine of the correction, in time 

When the ship has approached the sun in the interval, subtract 
tliis time from the above mean ; when slie has receded from the sun, 
add it : the result is the time by watch at apparent noon. 


Ex. 1 . June 8tb, 1826, lat. by acc. 6°N., at 2'* 4.'^*" 1" by watcb (a.m.) an^ at S'* o* 3|* 
(p.M.) obs. alt. ( 2 ) 84° 30’ to tbe northward; course, N.N.W. true, rate, 3^ loiots. 

The interval, 17"', gives Dist. run i*i mile and D. Lat. 1. 


Alt. (true) 

84° 46' 

sec. 

1*040 

D. Lht. 

30" 


sill. 

6*163 

Decl. 

22 50 

cos. 

9*965 

T.at. 

6'" 


sec. 

0*002 

Half-Int. 

8'" 3 1* 

sin. 

8* *570 

Az. 

22‘^ 


cot. 

0*394 

Azim. 22° 

sin. 

9-575 

Corn. — o** 


5 " 

sin. 

6-559 





2 

51 

_32 





T. by Watch of A 

.pp. Noon 2 

5 ^ 

27 

or Watch yJ/s#. 


Here tbe sun is to the northward, and tbe course is to tbe northward, or the ship has 
approached the sun. 


Ex. 2 . June 22d, 1828, at sea, lat. 4°S., course S.W. true, rate 7.^ knots, obs. alts 


the sun to the northward ; 

ship receding from the sun. 



Alt. Q 59® 44 

Times 12’* 29™ 57* A.M. 

2*' 8”' 39* p.M. 

50 

30 53 

7 

37 

55 

31 45 

6 

45 


Means 12 30 52 

2 7 

40 int. I** 37"* 



0 30 

SL 


Approx. T. by Watch of noon 

I 19 

16 or Watch fast. 


The Dist. run in i** 37™ is i2ni. ; D. Lat. made good, 8'* 5. 


Alt. 

60° 

sec. 0*301 

D. Lat. 4' 15" 

sin. 

7*092 

Decl. 


cos. 9*962 

Lat. 4° 

sec. 

0*001 

Half Int. 48™ 30* 

sin. 9*322 

Azim. 22^'^ 

cot. 

0*383 


Azim. 22 

sin. 9*585 

Corr. +0’* o™4i* 

I 19 16 

sin. 

7*476 


T. by Watch of App. Noo.v i 19 57 
or error of the watch, 


of 


802. Degree of Dependance. (1.) The error of time due to an 
error of 1' in one of the alts, is half that due to I'change'^of alt., 
No. 788 (1.) 

(2.) To find the error due to an error of 1' in tlie D. Lat. made 
|2:ood, divide the correction obtained by the D. Lat. For ex., 1' error 
ill Ex. 2 causes 5* error in the correction. 


2. Dqual Altitudes on Shore. 

803. The method of equal altitudes is susceptible of considerable 
accuracy, but it can be comjiletely put in practice on shore only, as 
the sea-horizon is always subject to uncertainty. 

804. Limits. These are the sam^ as in No. 778. 

[ 1 .] The SnUf Mornhiff and Evening. 

805. The Observation. In the forenoon, when the sun is without 
the limits, set the index of the sextant at the altitude, nearly ; clamp 
the index, and observe the instant of the alts, of both limbs, noting 
the times. Do the same in the afternoon, when the limbs will 
lollow in reverse order. 
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The value of tlie method consists in the same altitude bein^ 
repeated, w^ithout regard to the precise measure of it. But as the 
second or corresponding altitude is often lost by a cloud hiding the 
object, the usual practice is to set the index to certain whole divi- 
sions, as 10', 20', &c., and to observe the altitudes. The moving of 
the index destroys, indeed, the integrity of the method, since the 
second altitude is no longer identical with the first, but is merely 
inferred to be equal to it from the reading. The errors, however, 
are greatly diminished by taking numerous altitudes ; or a number 
of instruments may be employed, set to different altitudes. 

806, The Computation, (1.) Reckon the time p.m. as 12*", 13\ &c., 
instead of O’", ]\ &;c. Add together the a.m. and p.m. times of 
observation ; take the mean of these sums, and divide it by 2. Take 
the difference between tlie 1st and 3d times (as set down in the 
example below) to the nearest minute, and call it the interval. 

(2.) Find the Greenwich Date for ajiparent noon at the place ; 
reduce the sun’s deck (p. 1. of the Naut. Aim.) to the nearest minute 
only, marking it as of the same or contrary name to the latitude, and 
as increasing or decreasing. Reduce the equation of time, p. I. 
Naut. Aim. 

(3.) Take the sum of the changes of the sun’s declination for 
the 24^ before and the 24’* after the Gr. Date ; call this the double 
change.* 

(4.) Compute the equation of equal altitudes thus : — 

Part I. From Table 72 take out the logarithms A and B. To 
log. A add the log. cot. of the latitude and the prop. log. of the 
double change : the sum, rejecting tens, is the prop. log. of Part I. 

Part II. To log. B add the log. cot. of the dccl. and the prop, 
log. of the double change : the sum, rejecting tens, is the prop. log. 
of Part II. 

(5.) Apply these parts, wliich form the equation, to the approxi- 
mate noon by watch, by the following directions. 



Part I. 

Part 11 . 


Lat. and Dcclin, 

Interval I 

Declination 

increasing 

of the same 
name. 

of contrary 
names. 

less than 

12 hours. 

greater tlian 

12 hours. 


sub. 

add 

add 

sub. 

Declination 

decreasing 

add 

sub. 

sub. 

add 


The result is the time shewn by the watch at the instant the 
sun was on tlie meridian, or apjiarcnt noon by the watch, and there- 
fore shews the error of the watch on A.T. 

To obtain the error on M.T. To apparent noon. O’* O'" 0% or 


* As the decl. in Table 60 is ^ven only to the nearest minute, the daily change, as taken 
from this table, may be a minute in error. This will not cause an error of i* io the equation 
of equal alts ; but, for precision, the Nautical Almanac is necessary. 
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12*’ 0*^ 0% apjjly the reduced Equation of T. as directfd p. I. of the 
Naut. Alin., or Table 62 : the result is the mean time ot* tlie sun’s 
meridian passage (as in No. 624). By comparing with this the time 
of a]q:)arent noon by the watch, its error on mean time is found. 

Three places in the logarithms give the equation to O’'*!.* 


Ex. 1 . Feb. 15th, 1830, at Ascension, laf. 7^^ 57' S., long. 14!° W., the following obser- 
vations of the sun's limbs were taken in the quicksilver, the sextant being clamped at 81°. 
p.M. Sunis, deducting 24. 

17’* 29"* 19" 4** 14'“ 59* Red. Decl. 12° 44' S. 

4 15 2*5 Eq. of T. 13"’ 5o**5 flrfrfiVirc. 


A.M. 

loh 45m 40* 

10 47 54 


17 27 


8-5 

Sum 


Approx. Noon by Watch 
From 10** 46™ 
to 17 27 
Int. 6 41 


8 30 
4 15 


* *5 

0*7 

30*3 


Two-daily change, 39' 18% 
decreasing. 


Part 1 . 2'**o 


log. A 2*2I8 

Lat. cot. 0*855 

39' 18" p. 1. o*66i 

pr. log. 3*77^ 


Lat. and decl. same name ; decl. decreaa- 
iny^ add. 


Log. B 
Decl. cot. 


2*412 

0*646 

0*661 


Part II. 2**i 3*7*9 

Int. less than 12’* ; decl. decreasing ^ sub- 
tract. 

Approx. Noon 2** 7'" 30"* 3 

+ 2-0 } 

App. Noon by Watch 2 7 30 *2 

Eq. of 'r. additive, or I 
Mean Noon, No. C 24 } 

Watch fast on M.T. 


*3 50*5 


I 53 39*7 

Ex. 2 . *.Iuly 24th, 1878, lat. 55° i' N., long. o'» 6"' W., obtained following observations 
of hun’s limbs in the quicksilver, tlie sextant being clamped at 49°. 

A.M. P.M. Sums <loducting 


51* 

27'S 


17" 

17 


"3r'5 ••• 
57 ... 

Sura 


o" 19' 
o 19 


‘30-5 

^ 4*5 


55 o 
27*5 
43 -7 


O's Red. Decl. 
Two daily change 
Eq. of T. 


52' N. deer. 
25' 17' 

6 '“ 14*- 1 add it 


Int. io*'2"’; Part I., 15**6, lat. and decl. some name; decl. decreasing, add. Part II., 
i"'o int. less than 12’’; decl. decreasing, subtract; app. noon by watch, 9"* 58"*3; Kq of 
T. additive, or M.T. of Mer. Pass, o^' 6"* i;- i. Watch fast on M.T. 0'' 3“* 44'" 2. 


[ 2 .] The Sun, Keening and Morning. 

807. Instead of observing a.m. and P.ai. on the same day, it is 
often convenient to observe on the afternoon of one day and tlu 
morning of the next. 

The Computation. (1.) Take the mean of the times as directed; 
No. 806 ; this is the approximate time by watch of a])pare!it midnight. 
Bind the interval as in No. 806. 

(3.) Find the Green. Date in app. time for midnight at the place 


* It is often convenient, when all possible accuracy is required, to employ the logarithms 
of numbers. In this case, take the arilh. complements of the logs. A and 13 , t'luploy tho 
tangents of the lat. and decl., and the log. of the two-daily change in seconds. 

Ex. (the above.) 


Log. A 2*2183 7*7817 I H 2*4121 ar. co. 7*5879 

Eat. tan. 9-1450 I Decl. tan. 9*3541 

39' 18* =*2358' log. 3*3725 ; 3 * 37^5 

Parti. i**99 log. 0*2992 t Part II. 2**06 log. 0*3145 

T 
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Reduce the sun’s decl. and the Eq. of Time. 

(3.) Find the double change, as before directed. 

(4.) Compute the equation of equal altitudes, apply the 1st part the 
contrary way to (5) : the result is the time by watch of apparent midnight. 


Ex. Feb. azd, 1830, p.m., and Feb. a3d, a.m., lat. 7° 57' S., long. i43r° W., ob- 
tained observations of equal altitudes. 


P.M. A.M. 

5^ 1 8“ 32* . lo** 5 9"' 47* 

5 *9 36 10 58 41 

5 20 40*5 10 57 36 


Approx. Midnight by Watch 


Slims (— 12h). 
4^ i8'“I9* 

4 18 17 
4 

5F5 
4 ’8 17*5 
2 9 8-7 


Decl. I2°44'S., decreasing,. 
Eq. ofT. i3™46s-4, additive. 

Double change, 43' 8" 




Part I. 



Part 

II. 


5” 

19™ 




Log. B 


2*367 

TO 

Jl 




Decl. cot. 


0*646 

Int. 5 

39 

log. A 

2*235 




0*614 


Lat. cot. 



2S*5 


3*627 



43' 8" 

0*614 

The 

int. is greater 

than 

JZ^, that u.se(l 


— 2**2 


3*704 

for log. 

A being its supj)!. 

The 'Eq. of 


eq. alts, is +o*'3 ; the watch fast on M.'P. 
i'» 55"! 22^*6. 


[3.] Equal Altitudes of a Star. 

808. This observation determines the absolute time wdth much 
precision and convenience, as there is no equation of equal altitudes. 

809. The Computation, (1.) Tlie mean of the times shew'ii by 
the watch is the time by watch corresponding to the sidereal time, 
or R.A. of the merid., which, in this case, is the same as the ll.A. 
of the star. 

(2.) Find M.T. by No. 607, and thence the error of the watch. 

810. Correction for Change of lief r action. As the method of 
equal altitudes is capable of much precision, and as the rate deduced 
may be much affected by small errors in the absolute time, it is 
worth while to make tlie proper correction for every cause of inac- 
curacy. A shift of wind or a fall of rain, in the interval, may be 
accompanied by a change of refraction, which, especially when tlie 
altitude is low, may produce a sensible effect. To allow for this, 

(1.) Find the correction of the refraction at both observations 
for the barom. and therm.. Tables 32,33; then, when the corrections 
differ, 

(2.) To the prop. log. of their diff. add the prop. log. of the time 
the sun takes to move through his diameter (which, if not shewn 
by the observation, may be found by note p. 203), and the ar. 
comp, of the prop. log. of the semi-diameter; the sum is the prop, 
log. of a portion of time, half of which is to be applied to the time of 
noon, or midnight, thus : — 

1st obs. A.M., or to the eastward, when the east. refr. is the 
greater, add; when the lesser, subtract, 

1st obs. P.M., or to the westward, when the east. refr. is the 
greater, subtract, when the lesser, add. 



FINDING THE TIME. 


275 


Ex. May aist, 1850, Fort Villagagnan, Rio de Janeiro, lat. 22° 55' S., long. 43° W., 
obtained equd alts. 57° in the quicksilver, a.m. and p.m. ; the refr. at the eastern observation 
iz" less than at the west. 

Reduced decl. 20° 50' N. (of contrary name to lat. and increasing)^ double change 24' 36^ 
Eij. of T. 3™ 44*‘7, suOtr. from A. T. 

A.M. P.M. Sums 


7** 2 1 ">54" 

7 23 -3 
7 ^4 56 
3 » 


Ijh 25m 6* 

13 23 36 
13 22 4 


2o*‘ 47“‘ o* 
20 46 59 
20 47 o 

140 59 
20 46 59*7 
10 23 29-8 


The int. 6*' from 
7’’ 22"* to 13’' 22"* 
gives the two parts 
+ 3**7 and + 2* 2, or 
the equation of eq. 
alts. +5**9. 


Correction for unequal refraction. 


12" prop. log. 2*95 
3™ 2* do. 1*77 

15' 49" Ar. CO. do. 8*94 
2**3 prop. log. 3-66 
Corr. -i**! 


Approx. Noon by Watch 


23*"29»-8 

Eq. Equal Alts. 



+ 5 *9 


lO 

23 

35 *7 

Corr. for Refract. 



— 1*1 

App. Noon by Watch 

10 

23 

34 ‘6 

Eq. ofT. + 12*' 

12 

3 

44 *7 

Watch slow on A. T. 

I 

36 

25 *4 

Watch slow on M.T. 

1 

40 

10 *i 


811. Degree of Dependance. The error of the equation of equal 
altitudes caused by an error in the double chant^e of decl. is a matter 
of simple proportion. The effects of small errors in the lat. and 
decl. are insensible, therefore neither tlie lat. of the place nor the 
declin. is required to ^Teat preci.sion. But variations in the refrac- 
tion, not to be remov(?d by corrections, will always leave the result 
in some degree doubtful. On this account, the method, even under 
the most favourable circumstances, can rarely be considered as 
affording extreme precision. 


IV. Rating the Chronometer. 

812 . The Rate of a chronometer is the difference of its error 
from day to day. It is called gaining when the watch goes \oo fast, 
and losing when it goes too slow. 

813. When the chronometer fast, either on G. M.T. or on the 
time at ])lace, if the error is increasing, the rate is gaining ; if de- 
creasing, the rate is losing. When the chron. is slow, if the error is 
increasing, it is losing ; \{' decreasing, it h gaining. 

The amount of the daily rate (supposed uniform) is found by 
dividing the change of the error by ihe numl)er of days in the 
interval between the observations. 

Ex. May 27th, at 9*‘ a.m. chron. slow 2*’ 7*" i8» 

June 3d, at 5*’ p.m. slow 2651 

DifF. of Error in 7'* 8'' 0027 

Then 27*, divided by 7' 33 days, gives 3*'7 daily rate, gaming. 

814. When the error is found to have changed from fast to slow, 
or from slow to fast, the rate is the sum 'ff the errors divided by the 
number of days elapsed. 

Ex. 1. June 28th, at 3 p.m., the chron. was o"* 7"‘o fast; on July 5th it was o™ i6*' l 
slow : required the Daily Rate. Tlie sum 23** i, divided by 7 (diiys), gives 3**3, losing. 
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Ex. 2 . On the the chron. was o'" 17* slow; on the 31st, it was o® I2» fftStc 

required the Rate. The sum o'" 29*, divided by i7» gives i»'7, gaining. 

815. As the chronometer rarely goes for any lengtli of time 
witlioiit some irregularity, the rate sliould be deduced afresh at 
every opportunity. This is done, 1st, by finding the absolute error 
on the time at place, by observation, after intervals of a few days ; 
2dly, by direct comparison of tlie interval of time shewn by the 
clironometer with that measured by a clock of known rate, or wirli 
the motion of a star. Also, as longitude is measured by tini(% 
No. 479, the absolute longitudes of places, when correctly laid 
down, and their differences of long, may be employed in a corre- 
sponding manner. 

All observations for the purpose of rating a chronometer should 
be made, if possible, on shore, on account of the uncertainty of the 
sea-horizon, because a small error in the absolute time may produce 
a great error in tlie daily rate deduced. Also, the observations 
should be made by the same person with the same instrument, and 
under the same circumstances, as nearly as possible. 

1. By Comparison with the Absolute Time^ or Longitude 

[ 1 .] By the Time* 

81 6. The best observation (out of the observatory) for the pur- 
pose, is equal altitudes carried on for several days. The next in 
value is the same alt, rej)eated several days successively, in the same 
part of the day; for tbe times determined by a.m. and p.m. sights on 
the same day do not, it appears, agree exactly either at sea or on 
shore.'^' 

As the rate cannot be depended upon for a considerable length 
of time, it is necessary to take fre([uent 0 ])])ortunities of obtaining 
alts, on shore by the artificial horizon. It is proper, therefore, to 
remark, that by a little care, and by not mixing a.m. and p.m. sights, 
the rate may be determined nearly as wxdl as by equal altitudes. 

817. At sea, the lunar observation. No. S3G, or, under very fa- 
vourable circumstances, the moons altitude. No. 864, affords the 
absolute error of' the chronometer on G.M.T., and may discover, 
accordingly, if any considerable change in the rate has taken place ; 
but it would be higlily injudicious to attempt to establish a rate from 
observations so discordant as these usually are. 

818. An excellent method lias been afforded of late years, of de- 
termining the error and rate of the chronometer by the establish- 
ment of time-balls at some observatories. These, with the O. M.T. 
at the instant the ball is dropped, are given in Table 10. The tinie- 
ball obviates the necessity of observations for rate. 

819. When the ship leaves any place, and after an interval not 
much exceeding a fortnight returns to it again, the error of the 

* The late Captain Hewett informed me, that being obliged to keep account of the daily 
raf^s of his chronometers, by means of altitudes observed from the sea-horizon, while sur- 
veying the North Sea, in IT.M.S. Fairy, the constant discrepancies between the A.M. and p.m. 
sights remkred it necessary to employ the a,m. sights alone. 
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chronometer accumulated in her absence is found directly by com- 
j)aring the time shewn by the chronometer with the times obtained 
oy observation both at her departure and at her return. The error 
thus found affords the actual sea-rate, and the method, when it can 
be practised, is far more efficient than that of deducing harbour- rates. 

Ex. By an observation taken immediately before the ship’s departure from a port the 
chron. was found slow 3*‘ 27'" 14“. By an observation taken at her return, or 11*3 days 
afterwards, the error was 3*‘ 27™ 44"‘5, or 30**5 more. Hence the Rate during her absence 
has been, on the average, 2»*7 losing. 


[2.] By the Ijongitude. 

820. When, on making a well-determined point of land, the long. 
})y chron. does not agree with the actual position of the ship, and 
when, accordingly, the chronometer must have been going at a 
different rate from what was supposed, it will be convenient to refer 
to the following Table. 


The land not 
made s<» soon as 
expected. 

Sailing E. 

Sailing W. 

The Chron 

gained less, 
or 

lost more, 

ometer has 

gained more, 
or 

lost less, 

The land made 
unexpectedly. 

gained more, 
or 

lost less, 

tlian allc 

gained less, 
or 

lost more, 

>wed for. 


Ex. A ship from India to the Cape of Good Hope makes tlic land utiexpectcdly. 

'riie ship is sailing W., the land made too soon; the chron. has therefore gained less or 
lost more than allowed for. 

But it must be borne in mind that clironometers do not preserve 
the same rates, generally speaking, for a long time together; and, 
tlierefore, after a considerable interval, as upwards of a fortnight, 
this method shews only the gain or loss on the whole, not whether the 
clironometers arc gaining or losing now. 

2. By Comparison of Intervals, of Time, or Longitude. 

[1.] By a Clock. 

821. The chronometer being compared at different tiuios with a 
clo(*k of which the rate is known (as in No. 5()4), the difference of 
tlui errors for the intervals is obtained, and thence the rate is 
deduced. The mode of comparison is already described, p. 185. 


[2.] By a Star. 

822. Since every star returns to the same point of the heavens 
d*" 55*’91 of mean time earlier every mean solar day, the return of 
ffie same star to the same altitude, or to the wire of a tixed telescope, 
day after day, determines the rate very correctly. The alt. should 
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be considerable, in order to avoid errors of refraction, and the 
telescope, for the same reason, should be nearly in the meridian. 

To find the rate, multiply 3‘" 55**91 by the number of days 
elapsed, and subtract the product from the hrst time noted ; the re- 
mainder is the time the chronometer would shew if it went uni- 
formly, and the difference between this and the time it shews is the 
difference of the error for the interval, which gives the daily rate. 

Ex. At an observation of a star on May ist, the chron. shewed 7^ 51™ 1 ; after four 
days it shewed 7** 35'“ 44®* 6 : required the Djiily Rate. 

First time noted 7** 5 1"' 1 1* 

3111 55 ** 9 i X 4 — IS 4 ^'^ 

7 3 S ^ 7*4 
7 3 S 44*6 

Gaming in four days 17 *2 hence the daily rate is 4 "‘ 3 , gaming. 

The disappearance of a star behind any elevated object answers 
the same purpose. 

[ 3 .] J\y Difference of Longitude. 

823. Wlien tlie error of tbo clironometer upon the time at any 
place A is coinj)ared with tlie error on tlie time at another place J3, the 
difference between tliesc two errors is the diff. long., in time, between 
tlie places. Hence if the difference of the errors does not agree 
with the quantity given in Table 10 A, the discrepancy arises from a 
wrong rate having been employed in the interval between the obser- 
vations for time, and the true rate may lie found by trial, as in the 
following examjile : — 

Ex. At Falmouth, Fob, 3d, at 3'* 20™ 18* M.T. by obsorvation, the chron. shewed 
4" 31“* 47®, or was 1*' 1 1"’ 29* fast. At Funchal, on the I2tli, at 5*' 30'“ 27* M.T., or 9*1 
(lays al'torwards, the cliron. shewed 7'' 29'“ 34^ Tlic supposed rate, 2®‘3 gaining. The 


I). Long, in Table lo A is 47'" 

28*. Rcijuired the true rate. 




Obs. at Falin., T. by chron. 

4 " 3 >'" 47 ' 

1 Obs. at Funchal, T. by chron. 

jh 

29" 

’ 34 * 

M.T. by obs. 

3 20 18 

1 2® 3 X 9*1 d. 


- 

• 21 

ist error, fast 

1 1 I 29 

1 

T 

29 

13 


M.T. by obs. 


30 

11 



2d error, fast 

I 

58 

46 



1st error, ditto 

1 

II 




Difference, or chron. D. Long. 


47 

17 


This diff, should be 47"’ 28*, or is too small by ii*. By inspecting the process, it is 
evident that the quantity 2i« (which, from the nature of the ca.se, is supposed to be in error) 
is too large by i j®. The ratj;, tlierefore, is ic* divided by 9*1, or i*’i gaining. 

When one error is fast and the other slow, make them both fast 
or both slow, by adding or subtracting any number of hours. 

3. Keeping Account of the Chronometer. 

824. In keeping account of the chronometer, the error on 
G.M.T. is entered ^in a book as fast or slow, with the date, and the 
rate is applied to this according as it is gaining or losing, day by 
day. 

If, after a time, the long, or G.M.T. be obtained independently, 
the error on G.M.T. is found; if this docs not agree with the rate 
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allowed, a new rate must be assigned from consideration of the 
circumstances. 

825. As it is impossible, without an independent reference, to 
determine whether a clironomcter, A, is gaining upon another, B 
or B is losing while A goes as before, no direct rules ot certain 
ap])licatiou can be given for reducing the rates of chronometers by 
mere comparison. Since, however, it may be presumed, in general, 
that in a number of watches the true time will be that shewn by 
the majority, regard being had to the quality of each, it is proper 
to keep an account, in which an approved watch being taken as 
the standard, the rest arc severally compared with it every day. 

It is convenient to distinguish the chronometers by letters, as 
A, B, C, &c., and to write the difference between A and B thus, 
A — B ; that between A and C thus, A — C, over each column 


CHAPTER VJL 

Finding tup: Longitude. 

I. By the Chronometer. II. By the Lunar Ouservation 

III. By the Altitude of the INIoon. IV. By an Occultation. 

V. By Eclipses 01/ Jupiter’s Satellites. 

826. The a])parcnt motions of the celestial bodies parallel to the 
equator, ])roduced by the revolution of the earth round its axis. 
h(*ing perpetual, no fixed point or cinde can be obtained from which 
the longitude of the ol>s('rver, which is measured, like right ascen- 
sion, on the equator, may he determined. Longitude, accordingly, 
can be ascertained only w ith reference to the meridian of some other 
place; and, as it is ineasureil l»y lime (No. 193), it is determined by 
comparison of the time at place with the time at some other place. 

1. By the Chkonometek, 

1 . l)eter7nlnation of the Absolute Longitude, 

827. The most convenient method of finding the longitude is Dy 
^‘omparison of the time at place with the time at Greeinvich, as 
shewn by a chronometer. 

The mean time at place being found (Chapter VI.), take the 
difference between this time and the time by chronometer, brought 
'Jp to the time of observation by aj)[)Iying the error with the rate. 
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When the time at Greenwich is the leasts the long, is E. ; when 
the greatest^ it is W. 

Ex. 1. The M.T. at place is 3'‘48™ a*; the G.M.T. is 4^ 15"* ii‘: hence the Long, of 
the place is o** ay*" 9*, or 6° 47' 15" W. 

Ex. 2. The M.T. at place is 14“ 22®; the G.M.T. is 2^6™ 57*: hence tlie Long, is 
5»‘ 7"! 2 5«, or 76° 51' 15" E. 

828. Degree of Dependance. The time at place, as deduced from 
observation, and tlie time shewn by chron., being both liable to 
error, the error of the resulting longitude is made up of the sum or 
ditference of tliese two errors. 

829. When the rate of the chronometer has changed, and the 
long, is required at a time past, tlie error of the chronometer at the 
time proposed must be deduced from the two rates by consideration 
of the circumstances, as no rule can apply to all cases. 

2. Determination of Difference of Longitude. 

830. The ordinary method is to find the absolute longitudes of 
both places by comparison of tlie Greenwich mean time, as above 
described, and tlien to take the diilcrence between them. 

Ex. M.T., at a place A, is 3** 11™ 43% when the G.M.T. is 7^7*" i8®: hence the long, 
of A is 3*^ 55'" 3S" W. Again, some days afterwards the M.T., at a ])lace B, is 2** 19*“ 45®, 
when the. G.M.T. is 6*^ 26"' 34*; hence the long, of B is 4*'6'“49»W. 

The Diff. Long, between the places is, therefore, ii''‘ 14", and B is west of A. 

831. But it is more concise, in a question relating to a difference 
only, to proceed without regard to the absolute longitude of either 
])Iace, l)y considering merely the error of the chron. on the time at 
each of the two places, as in the following example: — 

Ex. 1 . At 3^* 1 1*” 43“ M.T., by obs. at a place A, tlie chronometer shewed 5** ii*” 19®, or 
was 1** 59"> 36* fast on the time at A. Again, .some days afterwards, at 2'* 19'" 45* M.T., at a 
})laee 15 , the chron. (after applying the rate) slieweil 4** 30'" 35*, or was 2** lo"' 50" fast on the 
lime at 15 - 

Now it is evident that if A and B were in tlie same long., the chron., supposing the rate 
truly di termined, would have the same error at each place; and hence the difference of the 
errors, i*' 59"' ;6‘’ and 2^' ic'*' 5c", or 11"' 14’*, i.s the Diff. Long. 

Since the chron. in faster at B than at A, the time at 15 is behind that at A, or B is west 
of A. 

The proceeding, reducetl to a rule, is as follows : — 

Find, by observation, the error of the chron. on the time at 
place. Having moved to another ])l;ice, take an observation for 
time; correct the time shewn hy the chron. by applying the rate 
for the time elapsed rjiiice the former oliservation, and tind the error: 
the difference of’ the two errors is tlie diff. long. 

When the chron. is fast at both places, the place at which the 
error is tlie greatest is u;est of the other. 

^Vhen the chron. is stow at both places, the jdacc at which the 
error is the greatest is east of the other. 

When the chron. is fast at one place and slow at the other (as 
may occur >vheii the error is less than the dilf. long.), a(hl orb 
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hours to each of the times by chron.* in order to render both the 
errors of the same kind. 

Ex. 2. At A, M.T. 5^ 36™ lo", chron. 6** 36"‘20'*, error i*’ o’" lo* fast 
At B, M.T. 3 2.8 30, chron. 4 9 7,0, error o 40 50 
A west of B, Diff. Long, o 19 20 

832. Since the whole value of a chrononiotric determination 
fh'pends upon the rate of the chronometer, and since the rate is 
liable to change, the result is ])etter jis tlie time occupied in tlie run 
IS less. This, however, does not, in strictness, apply to inttirvals 
less than 24 hours; for the works go throiigli an entire revolution 
in 24 hours, and the rate, which is determined for an entire day, 
may be unequally distributed over diliereut parts of the 24 hours. 
For extreme precision, the rate should be known for given intervals 
on the dial -plate. 

833. When the ship returns without loss of time from a place to 
that from vvhicli she set out, tlie opj)ortunity will in general be very 
favourable for determining the dinerenc(‘ of longitude. 

834. While a cliroriometer continues to gain or to lose, the differ- 
ence of longitude shewn by it between two places will be differently 
affected, according as it is measured eastwards or westwards: hence, 
if the differences do not agree, the true ditf. long, will be between 
them. 

When the chron. gains on its rate, the computed long, is to the 
west of the true long. ; when the chron. loses on its rate, the com- 
puted long, is to the c(tst. 

If the rate is steady, the true dilF. long, will be correctly found 
hy dividing the error according to the number of the days in the 
two passages. 

3. Communication of Clironomctric Differences, 

835. Individuals poss(‘ssing one or more good chronometers fre- 
ipieutly have opportunities of furnishing, verifying, or correcting 
meridian distances. It is prop(*r, therefore, here to enumerate the 
considerations which inffuence the value of the results, more espe- 
cially as many such dcteiniinations are communicated to authority 
bom time to time, wliieh, bow(‘ver, not being accompanied with the 
diilails necessary for an estimation of their value, remain unein- 
ploytul. 

(1.) It is absolutely necessary to specify or to describe the exact 
apot of observation at each j)lace. 

(2.) The number of dags employed in the run, or in the interval 
hetween the observations for tinu*, or both, if these differ much, 
together with the number of chronometers, should be expressed; also, 
the times and manner of rating, and the character of the rate, as 
iitcady or unsteady, should be briefly noticed. 

(3.) The makers name and the number of the chronometer should 
he s])ecified, because the character of a watch affects the value of 
^ determination in which it is enij>loyed. 
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(4.) When there are several chroiio meters, the result given by 
each should be exhibited. The general arithmetical mean should be 
given, and, besides this, an estimated mean, obtained by giving more 
or less weight to the several results, according to the performance 
of each chronometer, and of which the observer alone can be a 
judge. The two final results should be expressed in time, and also 
in arc, for the more ready comparison of positions on the chart. 

(5.) The extreme dijference of the greatest and least results by 
the different chronometers employed should be stated, as this shews 
w'hether the chronometers went well together or not ; for, though 
their going together does not prove that all or any of them are 
right, their not going together ])roves that some of them are wrong. 

(6.) All observations for the longitudes of places are supposed 
to be made by means of the quicksilver, unless the contrary is ex- 
pressed. When the altitudes are taken from the sea-horizon, the 
result should, therefore, be distinguislied by the word (sea), 

(7.) It will be useful to state the temperature of the chronometer- 
room, and to remark whether it has remained constant or been 
subject to variation. Also, the general direction of the ship’s head 
should be noted. 

(8.) Lastly, every result should be given without any regard as 
to whether it agrees or not with received determinations. Many 
received positions are very erroneous, and the only means by which 
they can be decisively rectified are the comparisons of independent 
and impartial evidence. 

In the following cxamjde, 1). L. is the abbreviation of Dili*. 
Long.; ch. is that of chronometers; d. that of dtxys ; and the ex- 
treme difference is denoted by the number of seconds enclosed in 
brackets, implying limit or boundary.^' 

Ex. May, 1838, Capt. A., of II.M.S. , sailed from Barbadoes to Poi-t Royal, 

Jamaica, the points of observation bein^ Engineers’ Wharf and Fort Charles. He carried 
five chronometers, viz., No. 152, Molyneux ; No. 192, Breguet; No. 702, Arnold and 
Dent; No. 650, Parkinson and IVodsham ; and No. 490, ]M‘Cabe. The passage occupied 
seven days. The extreme ditference of tlie results was 7 seconds of time. The arithnieti('al 
mean was 1’' 8™ 49* ; the estimated mean, i*' 8’” 52". The temperature of the chronometer- 
room ranged from 78"^ to 80° ; the ship’s head chiefly west. 

These particulars, abbreviated, stand thus : — 

Capt. A., May 1838, D. L. Barbados (Eng. Wharf) to Port Royal (Fort Charles), 5 ch. 

7 d. i?*] „ 

Arith. Mean, ii* S'‘*49*= 17° 12' 15 
Estim. Mean, i 8 52 *17 13 o 

M. No. 1 52 1** 8"'46* 

B. No, 192 j 8 ^2 

A. and D. No. 702 1853 Temp. 78° to [2'q 

P. and F. No. 650 i S 43 Head west. 

M*C. No. 490 I 8 49 


* This plan was proposed in the Naut. Mag., 1839 , p. 102, to which the reader h 

reierred for olb?r details of the subject. 
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II. The Lenar Observatio?;. 


Clearing tbe Distance, No.s. 842, 844, 84ri — Lunar Obs. by the Sun, No. 847 — Lunar Obs. by 
a Star or a Planet, No. 849 — Siiccial Corrections, No. 851 — Degree of Depcndancc, 
No. 858 — Calculation of Altitudes, No. 863. 


836. The angular distance of the moon from any celestial body 
being in perpetual change, each of the several degrees of magnitude 
through which it passes corresponds to a certain instant of time. 
Accordingly, the distance of the moon from the sun and certain 
other bodies, at the end of every three liours, being given in the 
Nautical Almanac, the observation of this distance affords the means 
of determining the time at Greenwich, and thence the longitude of 
the observer. 

This observation, on account of its great importance at sea, has 
been distinguished by the name of the Lunar Observation. 

837. If the distance lietu een the moon and the other body were 
the same to tlie spectator, wlietlicr he were at the surface or the 
centre of the earth, there would evidently be nothing more to do 
lhaii to measure the distance by an instrument, to lind from the 
Nautical Almanac the Greimwicli time corresponding, and to com- 
pare this time with the time at place. But the refraction of the 
siiii, a star, or a jilanet, being greater than its parallax in altitude, 
causes one of these bodies to ajipear above its true jdace ; while, on 
iho contrary, the moon’s parallax in alt. being greater than her 
refraction, causes her to appear bcloiv her true place. 

Z is the zenith, 8 and d the true places of the sun (or star) and 
moon, S' and d' their ap|)arent places. Then S D is the true 
distance, and S'd' the aj)pareiit distance 



S8' is the sun’s corr. of alt., dd' the moon’s corr. of alt. In 
"J?- 1, where the d’s alt. is the lesser, the app. (list, exceeds the 
^fue, for ])' is farther from S than D is, and 8' is also farther from 
^ than S is. In fig. 2, the app. dist. is the lesser. In fig. 3, both 
at S and d are acute, as is the case when the alts, are nearly 
and always when tin' distance exceeds 85°. 
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As D ]>' is always less than 56', the arc 3) fig. 3, of a circle, 
having its centre at S, is nearly a right line, and D'm (which, from 
the apparent place of the moon, is hero the excess of the app. djst. 
above the true) is equal to Dd' cos. of the angle at }>'. The like 
term (or 1st correction of the app. dist.) for the sun is SS' cos. 8, 
or SS' cos. S' nearly. Tliis is the principle of the approximate 
methods.* 

Hence the apparent distance between the moon and the otluT 
body differs from tlie true distance, except in the particular case in 
which the two opposite effects happen exactly to compensate. This 
last circumstance may sometimes occur during the time that two 
bodies within distance arc above the horizon, but not being discover- 
able from the observation it is productive of no simplification. 

The process of reducing the apj)arent to the true distance, or 
removing the effects of parallax and refraction, is called Cleurhnj 
the Distance, 

838. It is evident from the above that the difference between tlio 
true and apparent distances depends almost entirely on the cor- 
rections of altitude (No. 438) ; an<l, consequently, is affected by 
every variation, however minute, of those corrections. Also, since 
the most rapid change of distance is about 1® 48' in three hours, tlie 
etfect of I' error of dist. is 25' of long., or the effect of 15" error of 
distance is 6' of long., in the most favourable case. Hence it niny 
become of great importance to the accuracy of the result, in many 
cases, that the heights of the barometer and thermometer should be 
noted at the time of observation. 

839. The lunar observation, which is the only independent me- 
thod of finding the longitude g(*nerally available at sea, is also, from 
not being confiiKMl like some others to a particular instant, of service 
on shore. A single observation, however, is not capable of affording 
a decisive result ; great j)ractice is necessary for measuring tin; 
<listance successfully ; and the application of so many small cor- 
rections as are necessary Avhen accuracy is required is, even witii 
extraordinary care and some skill, scarcely compatible with extremo 
precision. 

840. Limits. The distance must fall between the greatest nml 

* The approximate process will be easily intelligible by attending to the folloNAing 
considerations. 

The moon must always be raised, ,md the sun or star Imrered, to attain their true placo^- 
Now, when the moon is the lower of the two bodies, it is evident that raising lur will 
diminish the apparent distanee ; that is, her correction of distance must be subtractive. 
Again, when slie is tlie higher body it is generally additive. When the sun or star is the 
lower body, loweriny it will iiiereasc the app. dist. ; its corr. of aist. is therefore additive^ 
but subtractive in general v lien the uppermost body. 

The angle at the lower body, Z 5 'S', orZS'])', is always acute ; the corrcsp<>n<li'^ 
angle at the other body will generally be obtuse when the altitudes are very unciiual, and tlic 
dist. not great. 

The curreclion of disi. in Method 1. is the D. Lat. corresponding to this angle as a 
course, and the corr^ of alt. as Dist. Tlie sum or dilf. of the Dep. and N is the cosine o 
the angle in ((ucstion to the radius 100. When the dist. is less than 90^ and the Dep. 
greater than N, the angle is acute, but obtuse when the Dep. is the lesser. Thus, in Ex- » 
the ;ingle at the moon is 55*^.^ ; that at the star, 7G'^ < o ^ 

When tlie moon's alt. amounts to nearly H(P, or when the distance is so small as 20 . ^ 
and N vaiy ii ir^nlailv, «md Miithod I. <Ioes not serve well. 
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loast distances in the IN’autical Almanac. The alts, should not bf 
less than 5° or 6°; and, when the barometer and thermometer are 
not at hand, not less than 12° or 15°, especially in very hot or verv 
cold weather. 

As the chief part of ihe computation consists of clearing the 
distance, it will be more convenient for reference to consider this 
portion of the work separately. 

1 . Clearing the Distance, 

[ 1 .] A p2)roa:i mate. Me f hods. 

841. In these methods the object is to find the correction of the 
a])parent distance due to the corrections of altitude of each body. 
The first, or that by inspection, is performed by means of the 
Splicrical Traverse Table ; and the second, ])y logarithms-^ is a 
useful and convenient process, w’ithout the embarrassment of various 
cases, and requiring only four ]3laces of figures. 

The approximate metliods arc, in general, not susceptible of 
imich precision when the distance is less than 2D°. 

842. Method I. Ihj Inspection. (1.) For the jVIoon’s Correction 
of Distance. With the moon’s app. alt. and the compl. of the app. 
(list, to 90°, take out M and N. 

With the sun’s or star’s f alt. as Course, and M as Dist. find the 
Dcp., which place under N. 

When the distance is less than 90°, take the difference of this 
Dep. and N, marking the Dep. according as it is greater or less 
than N. 

When the distance is greater than 90°, take the sum of the Dei). 
.11(1 N. 

With th(» Dist. 100, and the said dl(f. or sum as J). Lat., find the 
'ourse.J With this course and the moon's corr. of alt. as Dist., find 
lie 1). Lat; this is the moon’s cornH’tion of distance. 

For the IVIoon’s 2d Corr. Knter Table 50 witli the app. dist. 
mil the moon’s corr. of alt., and take out the seconds. Enter again 
vith the corr. of dist. and take out the seconds. The difi* * * § . of tlicsci 
wo quantities is the 2d corr., wdiicdi npply as directed in the Tabh'. 

(2.) For the Sun’s or Star's Cd|ti’Cction of Distance. With the 
'Un’s or star’s app. alt. and the co-dist., take out ^NI and N. 

With the moon’s alt. as Course and jM as Dist. find tlie Dc]»., 
''liich place under N, marking it as greater or less than N \\h(Mi 
flie^(list. is less than 90°. 

Take the diff, or sum as before directed. 

With the l)ist. 100 and this diff. or sum as D. Lat. find the 
C()urse. With this course and the sun’s or star’s corr. of alt. as 
llist. find the D. Lat.; tliis is the corr. of distance required. § 

* is a slight variati(ni of the method conunoiily known among seamen as Norie’fc 4tU 
and attributed to Mendoza Rios. 

t In the case of a planet, substitute the word ]»l;uu!t for star in the several rules. 

f exceed 100, a mistake has been made. 

§ *he correction of distance may be found more correctly i)y multiplying the iliiF. or sum 
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Note^ In finding the moon’s corr. work to the nearest half degree; and when the sunV. 
or star’s alt. is less than 20°, take out the Dcp. to the nearest third or quarter of a degree. 
In the sun’s or star’s corr. work to the nearest whole degree. 

Apply tlie corrections to the app. (list, as follows ; the result ig 
the true distance. 


Distancjc less than 90° 

Distance greater than 90° 

5 Corr. of Dist. 

© or5|< Corr. of Dist. 

3) Corr. of Dist. 

0 or Corr. of Dist. 

When til 

less 

than N 

(^ Dep. is 

greater 
than N 

When tl 

less 

than N 

le Dep. is 

greater 
than N 

sub. 

add 

add 

sul). 

sub. 

add 

3) 2d Correct, of Dist. add 

3) 2 d Correct, of Dist. sub. 


Ex. 1 . (Dist. less than 90'’.) App. alt. © 47° 31'; A. alt. 36^52'; app. (list. 
48° 20' 29". 0 corr. of alt. 47'^; 3) corr. of alt. 45' 35". (Co-dist. 414'^-) 


3) ’s Corrections. 

;]) 37° and 4 i 4 °» M 167, N 66-6 
0 474'^ and 167, Dcp. i23»i (gr.) 

(d#.) 56-5 

Dist. 100 and D.Lat. 56*5 give the Course 
5 5 4'; at which, 

Dist. 45' gives D.Lat. 25*5 25' 30" 

35'' 

25 50 

(which sub.f since 123*1 exceeds 66*6.) 

2d corr. 16" 

5 + 11" 


Ex. 2 . 
120° 29’ 53' 


3oi“-) 


0’s Correction. 

0 47° and 41°, M 194*3, N 93*2 
3) 37° and 194, 116*8 (gr.) 

{diff.) 23*6 

Dist. 100 and D.Lat. 23*6 give the Course 
76° ; at which, 

Dist. 47" gives D. Lat. 11" 

(which addi since ii6*8 exceeds 93*2.) 

© corr. +0° o' 11" 

3> 2 corrs. —25 39 

—o 25 28 
A. dist. 48 20 29 

True Dist. 47 55 * 

(Dist. greater than 90°.) App. alt. 0 13° 10'; app. alt. J) 36^6'; app. (list. 

. Hor. par. 59^42"; j) corr. of alt. 46' 58"; © corr. of alt. 3' 56". (Co-dist. 


3) ’s Corrections. 

]) 36° and 30,4°, M 143 '4, N 42*8 
© 135° and 143*4, Dcp. 32*9 

{sum) 75*7 

100 and D. Lat. 75*7 give Course 41°. 
46' gives 34'* 7 34' 42'' 

58 " 44 


“35 


3) 2d corr. 120° and 47', 1 1" 1 

35 . 6 I 3 


0’s Correction. 

© 13° and 30°, M 118*5 N 13*3 
5 36° and 118, Dep. 69^ 

{euTvi) 82*7 

100 and D. Lat. 82*7, Course 34'^. 
3' gives 2'*5, 

56" 


True Dist. 


0° 

2' 

30" 

46 

+ 0 

3 

16 

—0 

35 

Ji 

—0 

3 ^ 

IS 

120 

29 

53 

119 

57 

38 


(of the Dep. and N) by the correction of alt., pointing off two more decimals than the product 
contains. The seconds may either be taken separately, or as decimals of a minute. 

This process, worked however roughly, affords a check against a mistake in using tlifl 
Traverse Table. 

Ex.l of No. 842 . 


Diff. 56*5 

3 ) corr. of alt. 45^35'^ 45*6 
Prod. 2576*40 

pointing oft' two d(»r, 25*76 or 25' 46” 


Diff. 23*6 

0 corr. of alt. 47" 47 

Prod. 1109*2 

Pointing off two dec. 11*09 or U 
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Ex. 3. App. alt. 0 72°o ; app. alt. 5 27° 1'; app. dist. 72° 18' 32". © corr. of aH. 

o' 16": J> corr. of alt. 46' 30". (Co-dist. 17^°.) 

5 27° and i7i°, M 117*4 N 15*6 


0 72° and 117, Dep. 111*3 

95^ 

100 and 95*7, Course 17°. 

46 ' 44 o" 

30 " 29 

~44T9 


i 2d corr. 72° and 46', 7" ^ 

44» 6 / 


+ 1 


©72° and 17®, M 338*4, N 94*1 
}) 27° and 338, Dep. 153*0 

100 and $8*9, Course 54*^. 

16", © corr. +0® o' 9" 

— o 44 28 

— o 44 19 

72 18 37 . 
71 34 13 


True Dist. 


Ex. 4. (Correcting for the barom. and therm.) Suppose, in Ex. 2 above, the barom. is 
go*7 in. and the therm. 38°; the D corr. of alt. will be 46' 54", by No. 655, and the ®’a 
•5orr. of alt. 4' 9", No. 651. 

46' 34' 42' 


54 


41 


-35 23 


I S'' 

7 


+ 3 25 

True Dist. 119° 57' 50" 


843. The following cxainples exhibit those steps only which, in 
proceeding by No. 842, a practised eonipnter will find it necessary 
to write down. Tlie errors are marked against each result as given 
n Dr. Inman’s “ Navigation,” 


Ex. 1. © A. alt. 25^20'; ]> A. alt. 25'’ 35'. © corr. of alt. I'sz"; > corr. of alt. 

48'2i"j app. dist. 104'' 37' 49". (Co-dist. i4i'^.) 

114*4 12*1 


(5^") 


29' 36" 
^3 


-29 49 


6 i*i 

+ 4" 


(50 


ii3‘7 


+ o'' 1 9" 

— O ^9 45 
— o 28 36 


11*6 

50*0 

6i'6 




1 ic'4 37 49 




1 True Dist, 104 9 13 (3" too small). 

Ex. 2. A. alt, Spic. Virg. 48^0'; A. alt. J > 69^48'. 5fc corr. alt. 51"; 3) ditto, 18' 39". 
Elor. par. 55'; A. dist. 55^46' 34". (Co-dist. 34'^.) 

35^’7 

185-3 

262*3 

i8o*3 

74.'9 

169* I 

>3' 54" 

30 

-H 24 

n 

77*0 

+ 0^^ 0' 48" 
— 0 14 22 

94*2 


-0 13 34 
55 46 34 




True Dist. ‘ 55 33 0 (19" too small). 

Ex. 3. A. alt. 0 60° 
•^* 54" 47’' » A. dist. 43° 

39'; A. alt. J > 34“ 41'- © corr. alt. 28"; corr. 
44' 50". (Co-dist. 46°.) 

43' 40". Hor. 

175*1 

71*1 

153*1 

296*9 

i86*S 

170*4 

35' 

33 

-35 45 

82*0 

-0° 0' 4" 
-0 35 33 

35 37 
43 44 50 

i6*4 


Tt is evident from these oxam]des, wliicb, w ith those before givea 
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exhibit a sufficient variety of cases, that the method is accurate 
enough for navigation in the open sea. 

844. Method II. Ihj Logarithms , — Set down in order the sun’s 
or star’s ap}>. alt., the moon’s app. alt., and the app. dist. ; take half 
the sum, and subtract from it the first term in order (sun’s or star’, 
alt.) ; call the rem. tlie 1st rein. ; subtract the second term in order 
(the moon’s alt.), and call this rem. the 2d rem. 

For the 1st Corr. To tlie log. cos. of the moon’s app. alt. add 
the log. sine of the app. dist., the const. 9*6990, the log. sec. of the 
half sum, the log. coscc. of tlie 1st rem., and the prop. log. of the 
moon’s corr. of alt. : the sum (rejecting tens) is the prop. log. of 
the 1st correction. 

For the 2d Corr. Take the dilFerencc between the moon’s corr. 
of alt. and the 1st corr. Enter Table 56 with the app. dist. and 
the moon’s corr. of alt., and take out the seconds. Enter again 
with the above difference, take out the corresjionding seconds, sriid 
subtract them from those taken out before : the rem. is the 2d corr. 
Apply this corr. as directed in the table. 

For the 3d Corr. To the log. cos. of the sun’s (or star’s) apj). 
alt. add the log. sine of the app. dist., the const. 9*6990, the log. sec. 
of the half sum, the log. cosec. of the 2d rem., and the prop. log. of 
the sun’s (or star’s) corr. of alt.: the sum (rejecting tens) is the prop, 
log. of the 3(1 correction. 

(As the 2(1, 3(1, and 4th logs, are common to the two corrections, 
it will be convenient to take the sum of these three logs.) 

Subtract from the app. dist. the moon’s corr. of alt. and the 3(1 
corr.; add the 1st corr., the sun’s (or star’s) corr. of alt., and aj)ply 
the moon’s 2d corr. as directed in Table 56 : the result is the true 
distance. 


Ex. 1. App. alt. 0 47'^ 31 ; app. alt. 5 36° 52 ; app. (list, 48° 20' 29". Sun’s corr. 
of alt. 47"; moon’s corr. of alt. 45' 35". 


G Alt. 
3) Alt. 
Dist. 


4-7 3* 
36 52 
48 20 


9*8296 


Half S. 66 
1st Rem. 18 50 


cos, 9*9031 

sin. 9*8733 

132 43 9*6990 

0*3967 

0*4910 

2d Rein. 29 29 coscc. 

45' 35'' I’*** log. o*S9^ 5 47'' pr. log 

l.st Corr. 19 45 pr. log., 0*9596 ,*5d Corr. 37'', 2*4678 

Diff.* 26 

A. Dist. 48°, and ]) Corr. Alt. 46', Tab. 56, 16"^ 

26. 6 

2d Corr. +10 


9*9690 


0*3079 

2*3613 


A. Dist. . 48” 20' 29" 

3 ) Corr. Alt. — 45 35 

3d Corr. — 37 

47 34 n 

1st Corr. + 19 45 
0 Corr. Alt. + 47 

3) 2d Corr. 4 10 

Tkub Dist. 47 54 59 


Ex. 2. Apj). alt. © 32’’ 36', app. alt. 3) 65*^ 22', app. dist. 81° 15' 51 O’s c®**'** 
alt. 22' 27'', ji) 's corr. of alt. 1' 22": required True Distance. 

1st Corr. 37", 2d Corr. o, 3d Corr. o, True Dist. 80° 55' *3 • 

Ex. 3. App. alt. 50*^ 44', app. alt. 3) 27° 50'. app. dist. 93° 9' 6", ^'s/jorr. of»lf- 
50' 25", corr. of alt^. 47". ^ „ 

1st Corr. 4' 45", 2d Corr. o, 3d Corr. 9", True Dist. 92° 24 4 

' 5 ” 

* This diff. Is the moon^s con*, of dist. by the method No. 842.' The sun’s or star’s 
of dU*. is in like manner, thus; 47''— 37^'= 10" (agreeing within i'')* 
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[ 2 .] The Rigorutut Method. 

845. In tLis method we find, by oalculation, the true distance 
directly from the apparent distance and apparent altitudes. 

(1.) Take both the app. alts, to tiie nearest even or odd minute, 
take their sum, and call the supplement of it the su])plement. 

Subtract f.'om this suppl. the moon’s cprr. of alt., and add to it 
the sun’s or star’s corr. of alt. ; call the result the 2d supplement, 

(2.) Take out the Logaritliinic Difference, Table 73. 

Take the app. clist. to the nearest even minute. Mark the 
seconds, if taken in excess^ to be subtracted^ or if omitted^ to be added 
afterwards. To this*add the 1st suppl., take the half sum, and from 
the half sum subtract the app. dist. 

Add the log. sines of this half sum and remainder to the log. diff. ; 
the sum (rejecting tens) is the log. sine square of an auxiliary area:. 

(3.) Under x put the 2d suppl., take the sum and the diff., and 
half the sum and half the diff. 

Add together the log. sines of the last two terms ; the sum is the 
log. sine square of an arc, which becomes the true distance on 
applying the reserved seconds. 


Ex. 1 . A. alt. 0 47° 31'; app. alt. J 36° 52 ; app. dist. 48° 20' 29 . 
Sun’s corr. of alt. 47''; moon’s H. P. 58' 35"; moon’s corr. of alt. 45' 35 . 


© Alt. 47° 32' o'' 
j do. 36 52 o 

84 24 o 1 st Sup. 95° 36' o' 
-45' 35" + 47". -44 4 ^ 

2d Sup. 94 51 12 

j 36° 50', H. P. 58’, 9 ’ 99579 ^ 

35 » - 45 } 

0 47°, — 14I - 64 

Log. Diff. 9-995728 


^ 75 ° 48' 48" 

2 d Sup. 94 5 T 12 

Sum 170 40 o 

Ditf. 19 2 24 

' Half S. 85 20 o sine 9-998558 

HalfD. 9 31 12 sine 9-218363 

pts. for" 149 
47 54 32 .sin. .sq. 9-217070 

add 29 

Tb.Dist. 47 55 X 


A. Dist. 48° 20' (29" omitted) 

1 st Sup. 95 36 

Sum ^ 143 56 

Half S.'' 71 58 sine 9-978124 

Rem. 23 38 sine 9-603017 

J? 75° 48' 48" sin. sq. 9-576869 


846. It is useful to bear in mind, as a check against a gross 
mistake in clearing the dist., that the true and apparent distances 
cannot differ by more than the sum of the corrections of altitude. 
Again, when the moon’s alt. is equal to, or less than, that of the 
ether body, the true distance is less than the app. dist. ; but the 
contrary does not always hold when the moon's alt. is xXuy (jreater . 


2. I^unar Obserration bp the Sun. 

847. Hie Observation. (1.) The alts, of the sun and moon are 
acquired at the instant at which the distance is observed ; when, 
dierefore, the observer has assistants provided with proper watches, 
they tt'iii obtain the alts, during the time that he is observing the 
distance. See Nos. 560 and 561. 

u 
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When tne observer is alone, he will first observe the alt. of the 
body farthest from the meridian, then that of the other body, and 
then the distance ; concluding with the alts, in the reverse order.* 
As precision is not necessary in the alts., one observation of the alt. 
will generally be enough at each time, 

Tlie time by watch is, of course, to be noted at each contact. 

(2.) To observe the distance. Set the index nearly to the dis- 
tance in the Nautical Almanac, at the nearest estimated Greenwich 
time; put down one or more shades to screen the central mirror, 
direct the siglit to the moon, and, holding the plane of the instru- 
ment in tlie line joining tlie two bodies, vibrate it slowly round the 
line of sight as an axis till the sun’s image is seen. Make a contact 
roughly, clamp the index, put in the telescope (previously adjusted 
to distinct vision by the moon), and complete the contact. See 
note p. 164. 

Tlie relative brightness of the object and image is most conve- 
niently adjusted by altering the distance of the telescope from the 
plane of the sextant by means of the screw for the purpose, as this 
motion causes a greater or lesser quantity of light to proceed to the 
eye from the silvered or brightest part of the mirror. 

Observe at least 3 or 5 distances, or, with the circle, 3 or 5 pairs. 

When, at sea, the ship has much motion, the observer fixes him- 
self firmly in a corner, or lies on his back on the deck, in order to 
remove, as much as possible, the sense of bodily effort and inconve- 
nience which disturbs the eye and the attention. 

(3.) For precision observe the moon’s true bearing ; if she is near 
the zenith, observe that of the star instead. 

848. The Cornputatwn — (1.) Having reduced the alts, to the 
time of the mean of the distances. No. 660, find the Gr. Date. At 
sea, the Gr. Date is required only to the nearest hour ; but if the 
moon’s alt. is not observed, it must be found with precision. Reduce 
the hor. par., and thence the semid., from Table 40. Augment the 
semid., Table 42. For precision, correct the hor. par. by Table 41. 

(2.) Find the App. Alts, of the centres by applying the ind. corr., 
dip, and semid. 

Correct the observed distance for ind. error, and add the semi- 
diameters of the bodies: the result is the apparent distance, 

(3.) Find the Sun’s Corr. of Alt. by subtracting the par. in alt. 
from the refraction. Find the Moon’s Cor. of Alt. by Table 39. 
Correct for the therm, and barom. whenever these instruments arc 
accessible. Tables 32, 33. 

(4.) Find the true distance by No. 842, 844; or, for precision, 
No. 845, and apply the corrections. Nos. 852 and 853. 

(5.) For the G. M.T. Find, in the Nautical Almanac, the two 
distances between which the true distance falls. Take out the first 
of these, and set it dowm under the true dist., and write against it 

^ 

* The reason of this order, as a general rule in such cases, is, that the outer body pre- 
serves uniformity in its change of alt. for a longer time than the other, and consequently »» 
alt. may be reduced, by simple proportion, to an intermediate time, with less error than wa 
alt. of the other body. See No. 558. 
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its prop. log. given in the Nautical Almanac; note also the time 
(that is, the three hours) corresponding. 

Take the ditFerence between the two distances thus set down, and 
from its prop. log. subtract the prop. log. taken from the Nautical 
Almanac; the remainder is the prop. log. of a portion of time to bo 
added to the time from the Nautical Almanac. The result is the 
G.M.T. of the true distance. 

For precision, see No. 856. 

The G.M.T. being found, the long, is determined. 


Ex. 1. H.M.S. Eden, April yth, 1831, lat. by acc. 34° 30' S., long. 42° W., watch slow, 
on the chron. 8'‘ i6"‘ 31®; chron. slow of G.M.T. 4** 54™ 33*; height of eye, 16 feet; ind 
corr. — Y 36" ; had the following observations : required the error of the chronometer. 

Distance. 


Times by Watch. 

12 ** 5 7 '“ 24 ® 

12 58 36 

I I 29 

39 ^" a' 

Alt.Q 

•• 47 ° 33 ' 

. I 5 47 

1 8 18 

.... 36 41 

.. 47 52 


' (the mean of three sights.) 
Reduction of the Altitudes to the time i** i™ 29". 


■ 39° 57‘”24“, 

401 5* 

1-644 j 

© 47° 33'i o'* 5 8™ 36*, 2™53* 

1*795 

I I 29 



1 I I 29 


36 42, 1 8 18, 

10 54 

8-782 

i 47 5*» * 5 47» 7 ” 

8*601 

2 20 


0*109 

>9 

0*976 

- 

.52' 

■^35 

4 8' 

1*372 

VI 

2 


47 33 


Moon's Alt. 38 

10 


Sun's Alt. 47 41 


Reduced Obs.— Time, 

jh jm pi. 

Alt. J 38 

° 10'; Alt. Q 47° 41'; Obs. Dist. 66° 0' 8". 


Time by Watch 
Watch slow of Chron. 


8 16 


Time of Obs. by Chron. 9 
Chron. slow 4 


Gr. Date,* 7th 
Obs. "5 38 ° 10 ' 

Ind. Corr. — 8' ) 

Dip - 4 J 

Sem. ~i6 ) —28 


14 12 


3) H. P. on the 7th, noon, 56' 34*’ 
midnt. 56 59 
Var. in 12*^ 25 

Prop. Part for 2*», 4", H. P. 56 38 
Corresp. Sem. 15' 26", aiig. do. 15' 35". 


Obs. Q 

Ind. Corr. — 8' 
Dip 
Semid. 


47 4» 


- 4 
416 ) 


+ 4 


App. Alt. 37 4 ^ 

D App. Alt. 37° 40', H. P. 56', 
2 pts. — z" \ 
38" + 30 ) 

J Corr. of Alt. 


0 App. Alt. 47 45 
43' 5 " 

+ 28 
43 33 


S'* 


Obs. Dist. 66° o' 

Ind. Corr. — 7' 36" 

3) Sem. +15 35 

0 vSem. +15 59 ) 423 58 


App. Dist. 66 24 
0 App. Alt. 48°, Refr. 

Par. in Alt. 

0 Corr. of Alt. 47 


It 


J Alt. 

37^^°. and Co-dist. 


0 Alt. 47° 

and 

J°, M 159*3, N 45*5 


M 137*58 N 

33*4 


37 

and 

»59 

Dep. 95*7 (gr./ 

© 474 ' 

' and 137*5 Dep. 

101*4 (gr.) 

0 Corr. 

4 0° 

0' 

14." 

50*2 


(Diff.) 

68*q 

3) 2 Corrs. 

— 0 

29 

32 



3) Ist Corr. 

— 29' 37" 

A. Dist. 
True Dist. 

— 0 

29 

8 



J 2d Corr. 44', 8" 1 

30, 3 j 

Corr. 4 5" 

66 

65" 

24 

54 

6 

■58 

p. log. *305. 



Do. at o*' 

67 

0 

8 





f 

5 

10 

p. log. *441^ 





2^ 

1 

p. log. *1361 




1 T. of Pr. Dist. 0 






i 

i G.M.T. 

2 

r I 

35 



* In working by an approximate meinoa, an expert eomputci wm imcr tuc ^ 
*t once, and perform many other parts of the computation with little or no writing. 
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The watch being slow of the chron. 8** i6“ 31*, the time of the obs. by ;he chron. is 
|h jm 29* + 8** 16“ 31", or 9** 18“ o*; the chron. is therefore y** 6“ a6* fast, or 4** 53® 35* 
slow of the G.M.T. Now, by Table 58, an error of i in the dist. causes, in this case, an 
error of 2™ 8* in the G.M.T. ; hence the result may be considered as confirming the error 
of the chron. nearly enough.* 


Ex. 2. Sept. 28th, 1878, at s’* 11™ 40* p.m., M.T. at ship ; in lat. 48® 50' N., long. acc. 
146° 55^ W. ; obtained the mean or 7 distances between sun and moon 34® 48' 16", obs. alt. 
0 22® 37', obs. alt. i 18° 7'; height of eye 16 feet. 


Gr. Date, Sept. 2 S'* 12’' 59™ 20“ 
ys Red. H.P. 60' 35" 

Aug. Semid. 16 37 

0*s alt. 22® 49' Ref. 2' 1 8" 
Par. -8 
0*s corr. of alt. 210 


App. Dist. 

O’s App. Alt. 
3)’s App. Alt. 

18® 20' H.P. 60' 
3)’s Corr. of Alt. 


35 


35® 20' 54" 
22 49 

18 20 

54' 4 ^^ 
+ 33 


54 37 


Clearing the Distance by No. 844. 


0^ App. Alt 

22^ 

’49 



.cos. 

9*9646 

App. Dist. 

35° 

20' 

54^^ 

3> App. Alt. 

18 

20 

cos. 

9‘9774 



5 Cor. Alt. 54' 37"^ 




App. Dist. 

35 

21 

sin. 

9 7624-1 



3d Corr. 2 10 J 





76 

30 


96990 ^ 


9-5664 

1st Corr. 

34 

24 

7 

Half Sum 

38 

15 

sec. 

o’io5oJ 



-t- 

4* 

34 

1st Rem. 

15 

26 

coscc, 

.0-5749 



©*s Corr. Alt. 

+ 

2 

10 

2d ILm. 

*9 

55 


coscc. 

0-4677 

2d Corr. 

+ 



Corr. Alt. 

54' 

37' 

' P.L. 

0-5179 2' 10" 

P.L 

■i!9i95 

True Dist. 

35 

8 

27 

1st Corr. 

IL 

34 

P.L, 

, 0-6366 3 Cor.2 xo 

P.L 

, 1-9182 

At 12** 

34 

34 

33 P.L.2417 

Diff. 

*3 

3 





0 

33 

54 P.L. 72 5 1 








o’* 

59™ 8'P.L.4834 




Dist. 

35° 55' Corr. 38" 




12 







X3 2 



M.T.G. 28^ 

' 12 

59 

8 





2d Corr. + 36 



M.T.S. 28“ 

‘ 3 

11 

JO 


Long. 


9 4 - 7 ®* 


Ex. 3. Sept. 1st, 1878, at 4** 40” 4* p . m ., M.T. at ship ; lat. 3® 2' N., long. acc. 
i® 5' W., obs. alt Q 20® o', obs, alt. 62® 30', obs. dirt. 61® 26' 26"; height of eye 18 
feet 


Gr. Date, Sept, 4** 44°* 24* 

3)*8 Red. II. P. 59' 38" 
Aug. Semid. 16 31 

©*s Alt 20' 12'' Ref. 2' 37" 
Par, 8 

©*• Corr, of Alt 2 29 


App. Dist. 

0’« App Alt. 
^’s App. Alt. 

62® 40' H.P. 59' 

2 

38" 

^’s Corr. of Alt 


61® 58' 51'' 
20 12 
62 42 


- 2 \ 

+ 18J 


26' 36" 
+ 16 


* The Nautical Almanac, before 1834, was computed for apparent time ; the above 
result is therefore Greenwich app. time, 'i'his does not, however, in any way affect the 

value of a mere example. 



FINDING THE LONGITUDE. 


293 


Clearing the Distance by No. 844, 


©App. Alt. 

, 20^ 

>12' 


9*6615 


App. Dist. 

61° 

58' 

5** 

> App. Alt. 

. 62 

42 

cos. 


Corr.Alt.26' 52' 


10 

App. Dist. 

61 

59 

sin. 

9’9459^ 


3d Corr. 018 

J 

27 


144 

53 


9*6990 ^ 

01653 


61 

31 

41 

Half Sum 

72 

264 

sec. 

0*52041 


1st Corr. 

+ 

31 

39 

1st fiern. 

52 

hJ 

cosec, 

. 0*1020 


O’s Corr. Alt. 

+ 

2 

29 

2d Rem. 

9 

44i 



cosec. 0*7716 

2d Corr. 

+ 

0 

4 

Corr. Alt. 

a6' 

52" 

P.L. 

0*8261 2' 

29'' P.L. 1*8602 

True Dist. 

62 

5 

53 

1st Corr. 

3» 

39 

P.L. 

0*7549 3Cor. 

o'i8''P.L.27695 

At 3** 

61 

7 

38 P.L. 2541 

DifF. 

4 

47 





0 

58“ 

15 P.L. 4900 




62° 




P- 

44" 

'33*P.L.2359 


Dist. 

27' Corr. 4^^ 



3 








M.T.G. I 

" 4 

44 

"33 




2d 

Corr. + 4 


M.T.S. 1 

Jl 

40. 

, 4 







Long. 


4 

29 


^lO 7^,5" w. 


Ex. 4. Sept. 3otli, 1878, at 4** /;4’" 46" f.m., M.T. at ship, lat. 17° 9' S., long. act. 
102° 40' W.; obs. alt.^i6° 12'; obs. alt. ^73® 14^; obs, dist. 60° 12! 59''; height of eye 
16 feet. 

G.M.T. Sept. 30** ii‘‘ 35™ 26% corr. II. P. 58' 59", aiig. semid. i6'2i'\ 0*s app. alt. 
16° 24', 3)’s app. alt. 73° 26', app. dist. 60*^ 55' 21"; O’s corr. of alt. 3' 8", 2)’s corr. of alt. 
16' 32", true dist. 61'^ 10' 36". Long. 102® 47' 30'' W. 


3. Lunar Observation by a Star or a Planet, 

849. The Observation, — Take the alts, as directed, No. 847. In 
taking the distance, direct the view to the star, make the contact 
nearly between the star and the illuminated edge of the moon, whether 
it be the nearest or farthest limb; clamp tlie index, put in the 
telescope previously adjusted to distinct vision by the star, and com- 
plete the contact by bisecting or splitting the star upon the moon’s 
limb.* 

When the moon is bright, it is necessary to use a shade. 

The setting of the index, No. 847 (2), is a more important step 
in observing with the star than with the sun, for the amount of distance 
is often the only security for employing tlie right star. 

For precision, note the azimuth as directed No. 847 (3). 

850. The Computation. (1.) Proceed by No. 848 (1). For a 
planet, take out the lior. par. from the Nautical Almanac, and 
reduce it. 

(2.) Find the app. alts, as in No. 848 (2). 

For the app. dist., correct the observed dist. for ind. error. Wlien 
the nearest limb is observed, add the moon’s semid. ; when the farthest, 
subtract it. 


* It has been recommended to observe the star open of the moon's edge, leaving a dark 
space of about 40'. But this dark space will appear differently in different telescopes ; and, 
Moreover, it is better to be in the practice of observing accurately than loosely. 

The inaccuracy which arises in bisecting a planet when it is not, as we should say of the 
*noon, at the full, is but small ; since, even in the case of Venus, the only planet which ever 
Jppears as a cresceut when observed with the moon, it can scarcely exceed 6' or 8'. It haa 
oeen proposed to correct for this by a special computation. 
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(3.) Find the star’s corr. of alt., which is the refraction. For a 
planet, apply the par. in alt. from Table 45. For the moon, take 
her corr. out of Table 39. For precision, correct for the height of 
the barom. and therm. 

(4.) Find the true distance, and proceed as in No. 848 (4), to the 
end. 


Ex. July i6th, 1826, near midnight, lat. by acc. 27® 5' N., at 2»‘ 34"' 13* by the chron., 
obs. alt. 35° 12'; obs. alt. Fomalhaut, 12® 51'; obs. dist. farthest limb, 70° )' io\ 
Ind. corr. —20" ; height of eye, 16 feet : required the error of the chron. supposed fast ou 
G.M.T. 6“ 25«. 


Dip — 4 
Sem. 


by chron. 

ah 34m 1 

H.P. I 

6th, midnight 

59' 

42' 


n. fast. 


1 6 1 

1 

7 th, noon 

59 

11 


6th, past midnt. 

1 28 1 


Var. in 12’’ 


J 7 




1 

Red. H.P. 

59 

41 





Corresp. Sem. 16' 16'; Aug. do. 

16' 

27'. 


35® la' 

Obs. Alt. 4c 

12® 51' 

Obs. Dist. 

70' 

> 1' 

10' 

Dip 

—4 

Ind. Corr. 


- 

-20 

i) 

+ 12 1 

4c A. Alt. 

12 47 

3) Sem. 

- 

-16 


. Alt. 

35 24 


A. Dist. 

69 

44 

23 


35® 20', and H.P. 59', 

4. - a' 1 

41 % +33 I 

D Corr. of Alt. 


46' 47^ 

+ 31 

47 18 


4c Alt. 12® 47' 

4c Corr. of Alt. 4 12' 


Clearing the Distance (by No. 842) to the End. 


3 3 5I® and 20®, M 130*7 N. 26*0 

4c 13® and 131 Dep. 2^5 (gr.) 

^ 3*5 

3> let Corr. — i' 36^ 

, 2d Corr. {+7'. 6' j +« 


4c 13° and 20°, M 109*2 N. 8*4 

3) 35° and 109 Dep. 62*5 (gr.) 


4c Corr. 

+ 0® 2' 

12' 

54 * J 

3) 2 Corrs. 

— 0 I 

12 


4- 0 0 

42 


A. Dist. 

69 44 

11 


True Dist. 

69 45 

5 


Dist. at Mid. 

70 31 

_i _5 

p. log. *2747 


46 

10 

p. log. *5909 

G.M.T. 

jh 26"’ 

' 55 ' 

p. log. *3162 

T. by Chron. 

a 34 

11 

Error, /as/ 

I 7 

18 



Ex. 2. Sept. 7th, 1838, P.M., lat. 3® 2' N., long. 4^ o"‘ W., at iz*! 57"* 8* by watch, obs. 
live distances of the moon’s nearest limb from Aldebaran, 27® 47' 12", App. alt. 4c 26® 32' ; 
app. alt. 3) 53® 34'; watch slow 9"' i7*of M.T. ; ind. corr. — i' 10'; required the longitude. 

3) red. H. P. 59' 48' ; true dist., by No. 845, 28° 37' 17" ; dist. at XV^*, 29° 47' 47'. 

Long. 59® 56' W. 


Ex. 3 . Sept. 2Q, 1840, P.M., lat. 3° 2' N., long. 60® o' W., at 8‘‘ 48"’ 39" by watch, 
obtained the mean of 5 distances between Saturn and the moon’s nearest limb, 89® 42' 55° » 
ind. corr. —1' 25"; watch slow of M.T. 7™ 33*; app. alt. 3) 53® 3'; app. alt. Sat. 23° 34 - 

3) red. H. P. 60' 44' ; true dist., by No. 845, 89® 56' 1 ; dist. at III*’, 89® 1' 31'- 

» Long. 60° i' W. 

Ex. 4 . July 14th, 1878, at 2** 10” o" A.M., M.T. at ship, lat. 22® o' S., long. acc. 
149° 30' E., obs. alt. Antares 19® 33', obs. alt. JJ^Si® 48', obs. dist.' near limb 79® 22' 49 » 
height of eye 14 feet. 
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G.M.T. July 13* 4** 12™, corr. H.P. 56' 41". aug. semid. 15' 29'', ★ app, alt. 19° 28', 
3 *s app. alt. 51° 59' app. dist. 79° 38' 18'', * corr. 2' 44", 3 )’s corr. 34' 9", true dist 
79° 29' 41". Long. 149® 33' E. 

Ex. 5 . June 19th, 1878, at 4^ 30™ a.m. ; M.T. at ship, lat. 20° 10' N., long. acc. 75° W. ; 
ohs. alt. Venus 23*^ 14^ obs. alt. ^ 52® 54'; obs. dist. near limb 86® 45' 44", height of ey? 
1 6 feet. 

G.M.T. June 18* 21*^ 30™, corr. II.P. 55^7", aug. semid. 15' 14", Venus* app. alt. 23° lo^ 
3 >’s app. alt. 53® 5'; app. dist. 87® o' 58", Venus’ corr. 2' 9'', 2>’s corr. 32' 23", true dist. 
86° 43' 48". Long. 75° 6' i5"VV 


4. Special Corrections, 

851. When precision is required, it is necessary, besides rcmo\'ing 
from the distance the general effects of* refraction and parallax, to 
apply certain corrections. 


[ 1 .] Correction for the Elliptical Figure of the Disc. 

852. Since the refraction of each point of the disc of the sun or 
moon is greater as the alt. of such point is le.ss, and since the change 
of refraction is proportional to small changes of alt., the upper and 
lower halves of the circular disc take more or less the figures of 
ellipses, the lower half being more flattened than the upper half. 
The distance, therefore, between the centre and the limb, as it would 
actually be observed, is less than the horizontal semidiametcr of 
the Tables. The elliptical figure of the sun, due to this cause, is 
often conspicuous at rising and sotting. The correction in Table 53 
is to be subtracted from the seinidiaineter.* 

[ 2 .] Correction /br the Spheroidal Figure of the Earth. 

853. The true distance found from the data, as above, is deduced 
on the supposition that the earth is a sphere, instead of a spheroid. 
The true distancj found is, in fact, that corresponding to a sphere of 
smaller dimensions than those circumscribed by the equator,t and 
to an horizon differently placed with respect to the equator, or to 
another latitude than that of the spectator. 

Since, however, the mere change of the place of the spectator 
would cause no alteration in the apparent angular distance of two 
stars, the change of distance arises solely from the variation of the 
apparent place of the moon, produced by the changing of the observer’s 
astronomical latitude for the geocentric latitude. The change of place 
of the moon is thus in general the resultant of a change both of her 
altitude and her azimuth. 

This correction is 0 at the equator and poles, and is greatest in 
lat. 45®. As it cannot much exceed of the reduction of latitude, 
it may in practice be omitted, but the effect rarely disappears 
altogether. 


* We have not applied this correction, because at low altitudes, the only case in which 
It is sensible, the observation is not to be depended upon within such small quantities. 

t The correction on this account has already been made in the reduction of the moon's 
equatorial parallax. 
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854, To correct the distance. 

Enter Table 65 with the lat. and the alt. 90®, and take out the 
number. 

For Part I. Enter Table 5 with the complements of the moon’s 
azimuth and of the angle at the moon (found by No. 842 or 844),* 
and take out M. Divide the number by M. 

For Part II. Enter Table 5 with the moon’s azimuth and the 
angle at the moon, and take out M. Divide the number by M. 

The quotients are in seconds, and are to be applied to the 
distance as follows. 

Note . — The observer is supposed to face the moon, and the azimuth is reckoned from tht 
S. in N. lat., and from the N. in S. lat. 


I Part I. 

Part II. 

3) to the 
Eastward 

In N. Lat. 

In S. Lat. 

Anglo 
at tlic 
> 

less than 
90^ 


Sun 0 

to the 
right 

r Star 

to the 
left 

Sun 0 

to the 
right 

r Star 

to the 

l(ft 

loss than 90° 

greater than 
90“ 

sub. 

add 

add 

sub. 

sub. 

add 

]) to the 
Westward 

add 

sub. 

sub. 

add 

Angle 
greater 
than 90” 

add 

sub. 


Ex. Lat. 48° N. ; moon’s alt. 30*^; star’s alt. 61®; dist. 54°; moon’s azim. S. 72® E. j 
and the star to the right. 

The angle at the moon is 34°. 

The number in Table 55 is 1 100. 


Co~az. 18”, Co-ang. 56*^, M i88*o 
subtractive. 


Az. 72°, Ang. 34°, M 39U 

subtractive. 

390 

Hence the Correction is — 9". 


855. When the moon is near the zenith, or when her alt. exceeds 
80®, with the lat. and the compl. of the star’s azimuth as an altitude, 
take out the seconds from Table 57, and divide them by 100; the 
quotient is the correction required in seconds. 

When the star’s azim. (reckoned as above) is less than 99®, 
subtract the corr., otherwise add it. 


* Since the angle at one or both bodies, which is given by the method No. 842 , is 
necessary in making the corrections. No. 852 , 853 , and since that method affords both an 
approximation by which the h-ng. by acc., if greatly in error, may be corrected, and at the 
same time a check against any important error in the rigorous process itself, it will be 
advisable to employ it on all occasions. 

The angle at the body may be found from No. 844 , when that method is employed, 
thus ; — Take the sum of the logs., rejecting the const 9 ‘6990 and the prop, log.; the ar. co, 
leg. of this sum is the log, sine square of the angle required. 

Ex. No. 844 . 

Sum of four logs. 0*6641 1 Sum of logs. 0*4075 

Anole at j) 55'^ 30 sin. sq. 9*3359 I Angle at © 77° 12’ sin. sq. 9*59^.'* 
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[3.] Correction for the Inequality of the Moon's Motion. 

856. Since the moon does not generally change her distance 
from the sun or a star at the same rate, both at the beginning and 
end of 3 hours, it is often proper to apply a correction to the Gr. 
M.T. found, which, in the extreme case, may be in error 50' of 
long. 

When the distance exceeds 2(P, this correction will not exceed 
15' of long. ; when the distance is near 90®, it will not exceed 2'. 
In general, it is smallest in the case in which the sun or star is in a 
direction perpendicular to the line of cusps or horns. 

857. Take the ditf. between the prop. logs, in the Nautical 
Almanac against the two distances betw'een wdiich the given true 
dist. falls. VV^ith this diff., and the jiortion of time found in No. 
848 (5), enter Table 57, and take out the seconds. When the prop, 
logs, in the Nautical Almanac are iiicreashig.^ subtract these seconds; 
when decreasing, add them ; the result is the M. T. at Greenwich, 
corrected. 

Ex. 1. Dist. in Nant. Aim., preceding given dist., 

prop.log. 3079 

following do. 24 56 56 do. 30<54 {decreasing) 

DifF. 25 

Diff. 25 under Int. 13"*, {add) o** o'" 2* 
o 26 9 

Corrected G. M. T. o 20 11 

Ex. 2. In Ex. 2, No. 850, dist. 29^ 47' 47" has the prop. log. 2527 ; the next in order 
has 2581 ; the ditf. 54 gives 14" to be subtracted ; and the long, corrected, 59^^ 52' W. 

858. Degree of Dependance. Tlio true distance is affected by 
errors of observation, and by errors of computation. An error in 
the distance, of whatever kind, produces, on the average, about 30 
times its amount in the longitude; thus, 10" error of distance 
produce about 300" or 5' error of longitude. 

Tile observed distance is liable to the ordinary errors of angular 
distance, the chief of which are, perhaps, most usually that due to 
defect of parallelism of the telescope, and that arising from making 
the contact above or below the centre of the field. Irradiation is 
also included in the errors of observation. 

859. The error of the computed result arises from two sources ; 
the errors in the elements of the observation, and those of the 
method of solution. 

(1.) Under the first of these heads are comprised the errors in 
the horiz. par. in reducing it to the Gr. Date, and for the figure of 
the earth, the error of the tabular semidiameter;* and that of 
refraction in low altitudes. 

(2.) The effects of errors of a few minutes in the altitude are in- 
sensible. Hence an ill-defined horizon is no great detriment to a 


The Greenwich observations shew that the semidiameter of the moon, as given in 
Barekhardt’s tables, is 3'" too small. — See “ Green. Obs.” 1837. 
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good observation ; and hence, also, in computing the altitudes, pre- 
cision is not essential. This last remark is worth attention, since 
the calculation of altitudes is a heavy addition to the work of a 
lunar. On the same accc Jiit it will not be necessary to consider the 
change of place during the observation, unless the second alt. of 
either bony be lost. 

(3.) The importance of correcting for the barometer and ther- 
mometer has been noticed, No. 838. The atmospherical correctior 
is of most consequence at low altitudes, and when the bodies are iii 
or near a vertical plane. 

(4.) The smaller corrections, namely, reduction of equatorial pa- 
rallax, corrections for elliptical disc, for the figure of the earth, and 
for unequal motion, cannot all be applied the same way in any 
observation ; compensation will accordingly take place to a consi- 
derable extent even when these corrections are omitted altogether. 
It will, however, be advisable to apply the latter correction, No. 856 
when large. 

860. The error of the method of solution. No. 842, may be 
estimated for distances exceeding 50^ at not more than 20'', in 
general, or lO' of long. 

Method 11. , No. 844, will, in the same cases, be more accurate. 

861. The effects of errors in general, and especially constant 
errors of observation, are removed in a considerable degree by ob- 
serving equal distances on opposite sides of the moon, since the errors 
of the resulting longitudes will be of opposite kinds. The true 
long, will not, howevpr, be the mean of the two erroneous longi- 
tudes, unless the moon changes her distance from both bodies at the 
same rate. 

When the two longitudes in such a case differ widely, add the 
prop. log. of their difference in time to the prop. log. of the greater 
motion in 3 hours (which is the smaller of the prop. logs, in the 
Nautical Almanac), and the ar. co. prop. log. of the sum of the two 
3-hourly motions ; the sum is the prop. log. of a portion of the time 
to be applied to the long, obtained by the star whose prop. log. is 
employed. 

Since the true long, must fall between the two given results, it 
will be known at once whether to add or subtract. 

When the sum exceeds 3®, read the degr. and min. as min 
and sec. 

Ex. The long, by Regulus, in a certain case of a lunar, is 2^ 37™ 15*; by Antares, 
ah 40"* 58*; the distances being nearly equal on opposite sides, and observed by the same 
observer with the same iji'frument. The 3-hourly motion of Regulus is 1° 45' 3i"» thatoi 
Antares 1° 30' 29'" : required the True Long. 


Long. Reg. ah 3 -hour. mot. i°45' 31" p. 1 . (i'45") ^^*0101 

Ant. 2 40 58 do. 1 30 29 

3 16 o ar. co. (3' 16") 8'2 588 

3 43 p. 1. i*685i 

oh a*" o» p. 1. 1-0540 


^ 37 IS , 

l^NO. req. 2 39 15 (9* more than the mean). 
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862. After the result has been obtained vvitli the utmost care, 
there remains the error of the lunar tables, which appears to be 
about 0**5 of H.A., or 4' of lon^^. This can be removed only by 
careful examination of observations of the moon, made near the 
same time in a fixed observatory. In general, the result \vill have 
more value as the moon’s horizontal parallax is greater, because her 
motion is then more rapid ; on the contrary, tlie result is of less 
value as the horiz. par. is less. Since the changes of the moon’s 
II. A., at their maximum and minimum, are nearly in the ratio off; 
to 3, and since the change of It. A. is in a considerable degree, 
though not in exact proportion, greater as her distance from the 
earth is less, it is evident that the place of the moon at the time of 
observation materially affects the value of the result.* 


6. Computation of the Altitudes, 

863. When the altitudes are not observed they must be calcu- 
lated. M. T. is supposed to be given. 

(1.) Keduce to lh(3 Gr. Date the sid. time at mean noon, also the 
R. A. and decl. of each body, unless one of them is the sun, in which 
case reduce the ecjuat. of time instead of his R. A. 

(2.) Find the hour-angles, Nos. 609 to 612, and compute the alt. 
of each body, No. 667. See No. 859 (2). 

For the apparent altitudes. Take out the corrections of altitude 
to the true alts., found as if for app. alts., to the nearest minute, and 
apply these corrections the contrary tvay to that directed in tlie rules. 
Nos. 644, &:c.f 

Ex. Sept, nth, 1838, A.M., at Fort St. Joaquim, lat. 3^ 2' N., long. 4*’ 0“* W’., at 
49™ 4c* by watch, obtained tlie mean of five distances of the sun and moon, 82° 16' 5I'^ 
nd. corr. —55''; watch fast of M.T. 3'" 2*; therm. 85°; barom. 29*7 inch. 


T. by watch 

qh 49 *^ 

'40- 

J> H. P. nth, noon 

56' 

56' 

Watch fast 

jilL 

2 

midn. 


JI2 


9 46 

Is 


0 

ii 

M.T. 

21 46 



0 

3 

Long W. 

4 0 

0 


5i. 


Gr. Date, jcth, 

46 


Red. H. P. 



or nth, 

I 46 

38 

Semid. 

15 

30 


* In combining the resnlt.s of different obser\'ations for the purpose of dedurins: the 
longitude of a place, regard would be had to this and other eircumstances in giving a different 
Weight to each several result. Tlie final determination of positions, however, by means of 
observations made at different times and under different circumstances, concerns the hydro- 
grapher or geographer rather than the seaman or traveller, and is not a subject for this 

volume. 

t As the altitudes in a lunar are not required wdth precision. Tables 43 and 44 , which 
are necessary to remove the inaccuracy of using the true alts, as arguments, will rarely be 
employed. 

It will be prudent to verify the result by the method of inspection (see Expl. of 
Table 5 ), in order to avoid entailing any material error on the whole of the subsequent 
®on»putation. 
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Elements for computing the Altitudes.* 


Sid. T. noon 1 20® i4» 

I*>, lO* 1 

46*"^, 7 / ij 


Red. S. T. 11 
M.T. 21^ 

20 

46 

31 

J8 

33 

7 

9 

£q. ofT. nth, 
12th, 

3„ 

"23" 

_44 



21 

Red. Eq T. 

r 



M. T. 

2lh 46*" 38* 

+ 3 314 


21 50 W. 

0 H.-ang. 

2 9 58 

0 Decl. 

4° 38' 38"N. 
4 15 45 N. 


22 53 

Red. Decl. 

I 40 

4 38 38 

4 36 58 N. 


P. Dist. 85 23 


> R. A. nth, 5*» 41“ 14 

if 5 43 4 a 
2 28 

9*5229 
2“ 28* 1*8632 

46 38 0*5866 

oh i™55* 1*9727 

S 4J ^4 
Red. R. A. 5 43 9 

33 7 9 

> H.-A. 3 24 o 

]) Decl. 28° 36' 48" N. 

D. 13'' I 

^ Decl. 28 38 

P. Dist. 61 22 


Computation of the Altitudes. 


© H.-A. 2" 9»"s8‘ 


Suppl. 9 50 2 

sin. sq. 

9*96461 

P.D. 85^23' 

sine 

9*99859 

Col. 86 58 

sine 

9*99939 

172 21 

Arc X 146 36 

sin. sq. 

9*96259 

3J* 57 
*5 45 

159 28 

sine 

9*54500 

53 

sine 

9*34824 

32° 29' 

sin. sq. 

8*89324 

© Tr. Alt. 57 31 
Corr. Alt. + i 

© A. Alt. 57 32 



© 57° 

85°, -2- 

1 

f 

37" 

li 

32 

2, . 0 

- 

- 2 

© Corr. of Alt. 

30 


3) H.-A. 3^ 24" o* 


Suppl. 8 

36 

0 

sin. sq. 9*91098 

P. D. 

61° 

22' 

sine 9*94335 

Col. 

86 


•ine 9*99939 


148 

20 


Arc X 

1*5 

21 

sin. sq. 9*85372 


263 

T* 



3^ 

59 



*3* 

50 

sine 9*87221 


16 

29 

sine 9*4«;29i 


ii! 


sin. sq. 9*32512 

Tr. Alt. 

35 

*5 


Corr. Alt. 

— 

46 1 

82° 16' 51 

j A. Alt. 


29 

- 55 




82 15 56 




+ *5 55 




+ 15 50 




+ 9 




A. Dist. 82 47 5^* 

J 34 °*o'i 

H. 

P. 56', 44' 50" 


9 


- 4 



53 

" +43 + 39 


45 ^9 



^ CoiT. of Alt. 45 35 


Proceeding to clear the distance by No. 845, the log. diff. is 9*996092, and the true dist. 
82° 4' 51". The next dist. preceding is 82° 58' 33", at noon ; and the G. M. T. 47® o“» 
Long. 60° 5' 30" W.f 


* To adapt this form for computing the altitudes to the case of a planet, put the planet s 
hor. par. in the place of the equat. of time ; and in the next column the planet's R. A. 

t This observation, and those in Examples 2 and 3 of No. 850, were taken, with severa 
others, bv Sir Robert Schomburgk, to whom I am indebted for them. 
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III. By the Moon’s Altitude. 

864. Since Mean Time is determined by the hour-angle and 
R.A. of a celestial body, the R.A. may be determined from the M.T. 
and the hour-angle, the latter being computed from the observed 
altitude. Now the moon’s R.A. being given in the Nautical Alma- 
nac for certain points of time, the time at Greenwich corresponding 
to any given R.A. of the moon may be at once found. 

The moon’s altitude has accordingly been often thus employed 
in determining the longitude ; but the method requires much caution, 
because an error of altitude produces, in the hour-angle computed 
from it, a quantity greater than itself, except in the single case in 
which the observer is on the equator and the body on the prime 
vertical, when these errors are equal. Accordingly, since an error 
in the moon’s hour-angle appears in its full amount in her deduced 
R.A., and since the R.A. changes at the rate of about 2™ only in an 
hour, the longitude required is vitiated to the extent of not much 
less than thirty times the error of altitude in the most favourable 
cases. 

It is evident, therefore, since the place of the sea-horizon is often 
doubtful from 1' to 3', that the result of a simple lunar altitude 
must be in general greatly inferior to that of a lunar distance, in 
which a good observer rarely makes an error exceeding half a 
minute. But as many persons, who are not sufficiently expert in 
the lunar observation to obtain on all occasions a satisfactory lon- 
gitude, are nevertheless capable of observing altitudes with precision, 
and, moreover, as the stars, when the air is not very clear, are often 
too faint for the lunar observation, the former method may, on some 
occasions, prove of service, provided that proper steps are taken to 
diminish the effects of the errors of latitude and altitude. 

Since on the equator, when the body is E. or W., an error of I' 
in alt. produces an error of 4* in the hour-angle, and an error of 8* 
in lat. 60® (or in the ratio of the secant of the latitude to 1), the 
method serves better in low than in high latitudes. 

If the resulting longitude differs much from the long, by account, 
the computation should of course be repeated. 

865. Limits, The azimuth is the same as that laid down for 
determining the time by a single altitude. No. 778. The alt. should 
in general not be less than 6® or 8® ; and w hen the barometer and 
thermometer are not at hand, not less than 25® or 30®, especially in 
very cold or very hot weather. 

866. 2'he Observation, Observe the moon’s alt., noting the time. 

If the mean time is not accurately known, obtain observations 

for it. 

At sea, the uncertainty of the apparent dip may be removed by 
referring the moon’s altitude to the opposite point of the horizon, as 
'''ell as to that under her (No. 535). 
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But it will be preferable to observe the di fference of alt. of iue 
moon and some star on nearly the same bearing, and to apply it to 
the star’s alt. found by computation ; for the time may sometimes be 
more nearly known than the lat., and the alt. of a star computed 
more nearly than it can be observed. 

For Ex. Suppose, in lat. 40°, the }> bearing E.S.E. (true), that the place of the sea 
horizon is 30'' in error, and the time in error 5®. Tlien the error of the 's computed 
hour-angle (and therefore of her R.A.) will be 9® (No. G 71 ), and the resulting error of long, 
about 4‘“ 30*, or i"’ 4' (Nos. 8 .' 38 , 864 ). Now the error of the computed alt. of a star E. or 
W. due to an error of 5® will here be 56'' (No. 671 ) ; hence the error of the long., as deter- 
mined by the moon’s alt. referred to this star, will be diminished in the proportion of 30'’ 
to 56", that is, from 64' to 4o^ 

867. The Cemputation. (1.) Find the Gr. Date, and reduce ta 
it the Sid. T. at mean noon, the moon’s deck, and thence her pol. 
dist., her hor. par., and semidiametcr ; correct the hor. par. by 
Table 41. 

( 2 .) Add the M.T. to the red. Sid. T. ; the sum (rejecting 24 ** if 
it exceed 24‘') is the U.A. of the meridian. 

(3 ) Correct the alt.* 

(4.) Compute the moon’s hour-angle, No. 614. 

(5.) When the moon is to the F. of the meridian, add her hour 
angle to the R.A. of the mor. If the sum exceed 2V\ reject 24\ 
When to the W., subtract the hour-angle from the R.A. of the 
mer., increased, if necessary, by 24*^ : the result is the moon’s R.A. 

(6.) For the G. M. Time. Set down in order this R.A., that 
preceding it, and that following it (from the Nautical Almanac); 
take the ditf. between the 1st and 2(1, and between the 2d and 3d, 
adding 24’^, if necessary, to effect the subtraction. 

To the constant 0*4771 add the prop. log. of the first of the diffs. 
and the ar. co. prop. log. of the 2d ; the sum is the prop. log. of a 
portion of time to be added to the hour at Green, of the middle one 
of the three right ascensions: the sum is the G. M.T. 


Ex. l.f Jau. 5th, 1839, lat. 4° 54'o"S., long, byacc. 33° 13'W., at zo** 56"' 40**8 M.T., 
obs. alt. "j 30° 6' 20'' to the W. ; ind. corr. —35"; height of eye, 12 feet; therm. 82°; 
barom. 30*0 inches : required the longitude. 


M.T. 

zo*’ 

56 "« 4 i* I 

3 Decl, 5th, at 2 3*^,0 

®i6' 

39 "S. 

H. P. sth, Mid. 

54' 

^5' 

*2 

33° 13'W. 

+ 2 

12 


Diff. for ic"*, 142" 


6th, Noon 

i£ 

18 

•0 

Gr. D. 

23 

9 

33 

0^ 

16 

39" 

Var. in 12*' 


7 

*2 

Sid. T. 5th, 

18 

57 

34*8 

140", 9'«, 2' 6" \ 


7"*2 and iij'*, 

0 

6 

•8 

23'* 


3 

46*7 

33 " 7 * 7 ? 



54 

^5 

*2 

9 "‘ 

33 * 



1*5 

*1 

2 9 ^m 1*9 ) 

Red. Decl. 0 

2 

Tr 

16 

_^S. 

Equat. H. P. 
Corr. Table 41 

54 

18 

0 

•4 

Red. S. T. 

*9” 

I 

23 '( 

Pol. Dist. 89 

4 * 

5 

Corr. Semid, 

>4 

IT 


M. T. 

20 

56 

40*8 




Augm. 



R. A. Mer. 

*7 

58 

39 




Aug. Sem. 

14 

55 



* It cannot be w&rth while to follow the 2 d and 3 d precepts of No. 655 , unless the 
observation is in every respect such as to afford extreme precision in the result. 

t These examples are selected from observations made by Mr. J. C. Bowring on board 
H. M. S. Stag, with which I have been favoured by Mr. PentUnd, her majesty’s late consul 
general at Bolivia. 
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Ob*. Alt. 

30° 6 ' 

20" 

Alt. SO'SJ'S" 


Ind Coir. —0' 35"! 



Lat. 4 54 0 

sec. 0*001590 

Dip. 

-3 20 ) 

-3 

_iS 

P. Dist. 89 41 5 

cosec. 0*000007 



30 2 

as 

125 8 8 



App. Alt. 

-14 

i 5 

62 34 4 

cos. 9*663417 


29 47 

30 

32 I I 

sin. 9*724415 

19** 40' and 54' 

7 8 ub. 3" 

45 ' H" 



Hour-ang. 3’' 57'”25”2 

sin. sq. 9*389429 

\ 



»S 58 39 


18'' add 16 

Th. $2^ add 6 

f +n 

45 

\ 



R. A. 12 0 38 *7 

At 23**, 12 0 23 *9 

0, 12 2 8 *3 

0*4771 

o'”i4**8 2-8632 

1 44-4 7-9853 

Bar.30 0 

] 6 

+ 45 

33 

oh 8"‘ 30' 

..3 **3^56 


True Alt. 

30 33 

3 

23 


G. M. T. 23 8 30*3 

M. T. 20 56 40*8 
Long. 2 ii 49*5 or 32° 57' W. 


An error of i*of R. A. would produce here 34* or 8.^ error of long., as the R. A. changes 
very slowly. An error of 1' of alt. would cause 4* of R. A. and 34' of long., and an error of 
1' of lat. only o"*x of R. A. The moon's a2im. is 87°. 


Ex. 2 . Jan. 23d, 1839, lat. 20° 57' lo" N., long, by acc. 42° 39' W., at 3’' 32"’ lo* M.T. 
obs. alt. " 5 * 42° 25' 28" to the E. Ind. corr. + i' ^7"; height of eye, 12 feet: required the 
Longitude. 


Gr. Date, 23d 6** 22”46» 

Red. S. T. 20 9 35 7 

R.A. Mer. 23 41 45*7 


Red. Dccl. 21^42' 15' N. 

Pol, Dist. 68 17 45 


Equal. 11 , P. 58' 42"* I 

Red. do. 58 40 -8 

Corresp. Sem. 16 o 

Aug. JSem. 16 11 


3) Corr. of Alt. 42' 26' 

J True Alt. 42 50 10 


Hour-angle 3’’ 23"’27*-o 
D R.A. 3 5 12*7 

Do. at 6*» 3 4 *0 

3 6 41 '8 

G. M. T. 6*'22"'i‘;* 

Long. 2 50 5 or42*'3i'W. 


An error of i' of R. A. produces here 25’, or 6' error of long. ; an error of 1' of alt. pro- 
duces 4*-3 error of R. A., or 27' of long. ; and an error of 1' of lat. causes g*- 9 of R. A., or 
5' of long. 

868. W^hen two or three observations are taken on the same 
side of the meridian and prime vertical, the true long, is not the 
mean of the results, but is nearer to that which is furthest from the 
meridian. 

When two observations are taken on opposite sides of the meri- 
dian and on the same side of the prime vertical, the right ascensions 
resulting will be affected in different ways by the same errors of 
altitude and latitude, and the true long, will be between the two 
results. 

869. Begree of Dependance, This is determined by the effects 
produced on the hour-angle by given errors in the alt., hit., and pol. 
dist., No. 615. It is evident, from the remarks above, that unless 
Considerable care, and some skill, are devoted to diminishing, accord- 
ing to the circumstances of the case, the effects of errors of latitude 

altitude, it cannot be prudent, notwithstanding the occasional 
success of observations of this kind, to depend upon the result as 
nearer than J of a degree. 
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On shore, when the lat. and time are accurately known the 
result may, with proper attention, be more satisfactor j . 

No. 862 applies to this observation. 


IV. By an Occultation. 

870. The moon in her perpetual revolution round the earth 
necessarily passes over every star or other body in her path at 
certain periods. The disappearance of a star or planet, called the 
immersion^ and the reappearance from behind the body of the moon, 
called the emersion^ being instantaneous, the phenomenon affords the 
means of determining the longitude at all places where it is visible. 

At the instant of occultation the apparent R. A, of the moon’s 
limb is the same as- the R.A. of the star ; the effect of the parallax 
of the moon being removed by computation, the true R.A. is de- 
duced, and the G.M.T. thence found. 

871. This observation affords, in favourable cases, the most 
decisive results, because it is both instantaneous and altogether 
independent of instrumental adjustments. On board ship the 
motion prevents the telescope, which is almost always necessary, 
from being kept steadily directed to the moon, and in consequence 
the method has been very rarely practised at sea. The precise in- 
stant of the phenomenon is, however, not necessary in all cases ; it 
is enough that the observer is certain that at one instant he secs the 
star, and that at another he does not see it; because the whole 
resulting error in the time of observation in this case, and therefore 
in the longitude itself, cannot exceed the time elapsed between two 
sights of the moon. 

872. The M.T. at Greenwich, at which the moon and the star 
to be occulted are in conjunction in R» xA., is set down in the 
Nautical Almanac, as also the parallels between which the pheno- 
menon is visible. 

As it would require a distinct calculation to learn beforehand 
approximately the time at which the phenomenon will take place, 
the observer may content himself with finding, from the long, by 
acc., the time at place of the conjunction ; he must then, at an early 
opportunity, single out the star, and watch the progress of the moon 
towards it. In general, wdien the star is to the eastward of the 
observer at the time of conjunction, the phenomenon occurs before 
that time; when to the westward, it occurs afterwards. 

1 . Occultation of a Star, 

873. The Observation. Note the instant of immersion or 
pion as nearly as* possible. 

874. The Computation, (1.) Find the Green. Date, and reduce 
to it the Sid. Time at mean noon, the moon’s declination, hor. par-i 
and seinid. ; reduce the hor. par, by Table 41. 
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(2.) Find the geocentric latitude ^by subtracting from the lat. 
the reduction of lat., Table 52. From the time at place find the 
star’s hour-angle, No. 611. 

(3.) For arc A. To the prop. log. of the reduced hor. par. add 
the log. cosec.* of the geocentric lat. and the log. sec of the star’s 
decl. : the sum is the prop. log. of arc A. 

For arc B. To the prop. log. of the red. hor. par. add the log 
sec. of the geoc. lat., the log. cosec. of tlie star’s decl., and the log. 
sec. of the hour-angle : the sum is the prop, log.- of arc B. 

For arc C. Add together the prop. log. of the red. hor. par., 
the log. sec. of the geoc. lat., and the log. cosec. of the hour-angle; 
double the sum, add to it the const. 1*582, and the log. cot. of the 
star’s decl.: the sum is the prop. log. of arc C. 

(4.) When the lat. and decl. are of the same name, add A to the 
star’s decl. ; when of contrary names, subtract it. 

When the star’s hour-angle is less than 6‘', subtract B from th ? 
star’s decl. ; when gi cat^r than 6^, add it 

Subtract C from A. 

Call the result the })reparcd declination. 

(5.) For Part I. of the D ’s Parallax in R. A. Take the diff. 
between the moon’s decl. and the prepared decl.; under this diff. 
])iit the seinid. : take the dill*, and sum. Add together the log. cos. 
of the pr(*pared decl., the con.st. 1*1761, lialf tlic prop. logs, of the 
diff. and sum : tlie sum is the prop. log. of Part I. 

For Part 11. Add together the log. cos. of the prepared deck, 
the const. 1*1761, and the sum of the 3 logs, used in arc C: the sum 
is the ])rop. log. of Part II. 

When the moon is on or near the meridian, this Part disappears. 

(6.) Apply Parts I. and II. to the star’s R. A., tlins : — 

Part I. In an immersion^ subtract ; in an emersion^ add. 

Part II. When the ]) is to the E. of the Islew^ subtract ; when 
W., add. The la'sult, is the moon’s R. A. 

(7.) Find the (J.M.T., as directed. No. 867 (6.) 


Ex. Dcr. 9th, 1823,' lit. 
served the imtiiersion of k Aqu 
Gr. Date, 9th 9*' 19"’ 23* 


Red;S,.T.atm.n. 17 .. 
M.T? 7 19 


Star’s R.A. 
Hour-angle 


22 


13 *7 

31 10*7 

28 39 


2 31 *7 

Arc A. 

H.P.54’3S"p.log. 0*5178 
Geoe. Lat. 00800.0*7777 

5|c DfcL SCO. 0‘coi'T 

P. log. 1*297^ 

4 8-8 

4-4 56 *0 

(Deol. S. lat. S. add.) 


9^ 40'S., long, by aoc. 29^^ 51' W., at 7*' 19™ 57* M.T., ob 
arii,'*' W. of the meridian : required the longitude. 

5|c Dcol. 5° 7'43"-6S. Red. Eq. H. P. 54' 38"‘07 


5 Rod. Decl. 5 16 7 2 *6 


Arc B. 


sec. 
cosec. 

Hour-angle soc. 

P. log. 

B,— 4'8"*5 

(Hour-angle less tliat 6'' 
suhtraot.) 


0*5178 

o*co6r 

1*0487 

1*6379 


Red. H.P. 5438*04 

Semid. 14 53 *4 

Lat. 9® 40' 

(Tab. 52 ) Cor. --3 4* 

9 36 19 
Arc C. 

0*5178 

o*oc6i 

Hour-angle coscc. 0 *2928 
0*8167 
0*8167 X 2 = 1*6334 
Const. 1*5820 

Deol. cot. 1*0469 
C,— o"*3 p.log. 4*2623 


* phs occultation, kindly furnished me by the Hon. Capt. F. De Ros, R.N., is gi^on 
^having been observed by him, at sea, iu H.AI. frigate Creole. 
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Part I. 

* Ded. 7 ' * 

Prep. Dec). 5 12 39 *6 cos. 9*9982 

}) Decl. 5 16 22 *6 const. 1*1761 

3 43 

Semid. 14 53 *4 

Diff. 1 1 10 *4 A pro. log. 0*6035 

Sum. 18 36 *4 { pro, log. 0*4928 

— o 57 *9 pro. log. 2*2706 

{Subtract, being immer.) 


Part II 


Cos. of Prep. Decl. 9*9982 

Const. 1*1761 

Sum of 3 logs. Arc C. 0*8167 

Pt. II. + 5o“*2 p. log. 1*9910 

Pt. 1 . — o 37 *9 


>f< R.A. 
D R.A. 
At 9“ 
At io*» 


G.M.T. 

Ship M.T. 
Long, in time 


22 

4 

28 

52*3 

39 

22 

29 

3 * ‘3 

22 

28 

55 -7 

22 

30 

45 *1 

0 

J_ 

»9 

3 ^ '3 

9 

19 

3 ^ '3 

2 _ 

19 

57 

1 

59 

33 ‘3 


o'35"*6 
I 49 *4 

p. log. 


4771 

2*4820 

8*0060 


Ex. 2 . Jan. 7th, 1836, Bedford, lat. 52'’ S' 28"N., long. acc. i'“ W., at lo** 45'" 53**2 M.T. 
obseived the immersion of i Leonis, K. of the meridian : required the Longitude. 

Gr. Date io‘'47'“, Red. S.T. 19'* 6'“ S’-s, star’s R.A. io'‘ 23'“ 26**4, decl. 14'^ 58' 38''*8N., 
3) led. decl. 1 5"^ 49' 40'' N., U P. 55' 54"‘9, Semid. 15' 16 '*1, geocen. lat. ci*’ 57' 19". 

Arc A. 42' 33", D. 3'2i''*5, C. 2''*3. Prep. decl. 1 5'^ 37' 48'’*o. Parti. 39**9, Pt. II. 
2"‘ i 2®*6. 3) R.A. io‘‘ 20'*' 33''*9. At io‘‘, io*‘ 18'“ 55*’S ; at ii*‘, io*‘ 20'“ 58''-5, 

G.M.T. io^‘ 48™ o*. By corr. of Part 1 . io‘‘ 47'“ 45*. 


2. Occultation of a Planet. 

875. The Observation, The planet having sensible semidiameter, 
the phenomenon does not take jilace instantaneously. Note the 
in'^taiit of final disappearance, or the instant of reappearance. 

870. The Computation, Sniitract the ])lanet’s horiz. parallax 
from the reduced horiz. parallax of the moon. Also subtract its 
seinidianieter from the moon’s semid iameter. In other respects 
proceed as for a star, 

877. Pnjree of Dependance, A small error of Gr, Date will not 
sensibly afiect the moon’s parallax or semidiamoter, and the de- 
clination is tlie only element liable to sensible error; Part I., there- 
fore, is alone affected. 

To find the error in the long, in time, caused by I"' error of 
Gr. Date. Find the change of decl. in I*”, add it to the ditf. of 
declin., and recompute Part I. : the diff. between the result ini<l 
Part I., as eomj)iited before, is the diff*. or error of R.A. The ciroi 
of long, in time will be, on the av(*rage, 30 times greater.* 

If the star pass very near the moon’s upper or lower limb, the 
observation is not good. 

The inequality of the moon’s surface, and an imperfect estimation 
of the figure of the earth, may cause small inaccuracies. 

The cases least liable to error on the several accounts enumerated 
are those which occur when the moon is near the meridian, and m 
wliicli the central zone of the moon passes over the star. The emer- 
sion from the dark limb is the ease most distinctly marked. 

No. 862 applies to this observation. 


* Hence, to obtain the long, in time true to !• or 15 ", the parallax in R.A. must 

true to 0 "* 003 . This remark shews the difficulty of obtaining extreme precision from any 
•ingle observation. 
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V. By Eclipses of Jupiter’s Satellites. 

878. The eclipse or disappearance of a satellite in the shadow of 
the planet, called the Immersion, or the reappearance after eclipse, 
called Kmersion, bein^ a phenomenon which takes place at the same 
absolute point of time wherever the spectator may be placed, affords 
a ready method of finding the longitude. 

The diagrams of the positions of the planet and its satellites, as 
seen in N. lat., and other necessary information, are given in the 
Nautical Almanac. The figures must be reversed in S. lat. It will 
be convenient for the observer to bear in mind, that when Jupiter 
comes to the meridian before midnight, the whole eclipse (both 
immersion and emersion) takes place on the E. side of the planet ; 
when after midnight, on the W. side. In an inverting telescope this 
will appear to he reversed. 

879. llie Observation, The telescope should have a magnifying 
]) 0 vver of not less than 40, and the observer should be ready some 
minutes before the time of observation, ostimated by applying the 
long, by acc. to the time in the Nautical Almanac. 

The sun should not be less than 8^ below the horizon, nor Ju- 
piter less than 8® above it, for the phenomenon to be distinctly 
visible. 

880. The Computation. The ditterence between the INI. T. at 
place, found by observation, and that at Greenwich, is the long. 

Ex. Oct. 6th, 1822, near Igloolik, lat. 69° 21' N., immersion of the ist satellite, 
io>* 29'*' 33*, M.T. The iM.T. at Gr., iii the Nautical Almanac, is 15*' 56'“ o"; tlie diff., 
5>' 26*“ 27*, long. \V. 

881. Degree of Dependnnee. This method, though easy and 
convenient, is not very accurate; the eclipse is not instantaneous; 
and the clearness of the air, aiul the power employed, affect consi- 
derably the time of the phenomenon. ()bs(.‘rvers have been found 
to ditter 40* or 50* in the satiu! eeli]>se. 

The observation may be considered complete only when the im- 
mersion and emersion of the same satellite are observed on the same 
evening, and as nearly as possible under the same circumstances. 
Thus, if the satellite disappear a little sooner than if the air had 
been clearer, it will emerge a little later from the same cause, and 
the mean of the two results may be near the truth. 

The first satellite is preferable to the others on account of the 
greater rapidity of its motion. 
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CHAPTER VIIL 

Finding tiik Variation of the Compass. 

I. By the Amplitude. 11. By the Azimuth. III. By Astro- 
nomical Bearings. IV^. By Terrestrial Bearings. 

882. The Variation is found by comparing tlie bearing of the 
sun or other celestial body, as shewn by the compass, with the true 
bearing as found by calculation. 

883. When the time is known, the body may be observed, in the 
simplest cases, at its passage of the meridian, at wliich time it bears 
due N. or S., or at its passage of the prime vertical, when it bears 
due E. or W. In other cases, the true azimuth may be found by 
calculation. 

When the time is not given the azimuth may be determined by 
observation of the altitude. When the altitude is nothing, or th(3 
body is on the horizon, as at rising or setting, it is usual to refer the 
bearing to the prime vertical, tlie angular distance from which (or 
the complement of the azimuth) is called tlie amplittide. The azi- 
muth may also soiiictimos be determined from the observed difference 
of altitude in a measured interval of time. 

The following rules arc arranged more particularly for observa- 
tions of the sun ; but, after the explanarions and precepts already 
given, no difficulty will occur in adapting them, when necessary, to 
observations of other celestial bodies. 

1. By the Amplitude. 

884. This method, which is particularly convenient, is available 
twice a-day in fine wcatlier, and at all seasons of tlie year. 

885. The Observation.^ At sunrise, when the upper limb ap- 
pears on the horizon, observe its bearing, and continue to take 
bearings of the centre, bisecting the sun’s disc by keeping the uj)- 


* The usual instructions for taking an amplitude direct the sun to be observed when Ins 
lower limb is half way between the centre and the horizon, at which time he is really on the 
horizon, No. 433, Rut as it is not easy to seize the bearing at the required instant, and sti 
less so to obseive several bearings equally distributed on both sides of the proper position, 
whh^h is essential to a correct result, the sun is commonly observed a whole diameter too 
low. The observation as recommended above is more convenient in practice, and the erio 
arising from not observing the sun at the instant to which the true amplitude correspon 
(No, 446 ri)), is removed by the coiTection. 
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ris^ht wire on the upper limb, until the lower limb appears. Read 
off each bearin*^. At sunset, when tlie lowc'i* limb touches the 
horizon, proceed in like manner, until the upper limb disappears 
See No. 221. 

The mean of the readings, reckoning from the E. or W. point, is 
the observed amplitude, 

886. The Computation, by Inspection, (1.) Enter Table 59 with 
the Lat. and Dedin., take out the amplitude, and mark it of the 
same name as the Declin. 

(2.) Take from Table 59 A the correction. If this does not 
amount to nearly 1®, it may in general be omitted. 

At Rising, In N. hit, a])ply the corr. to the right of the ob- 
served amplitude. In S. lat. aj)ply it to the left. 

At Setting, In N. hit. aj)ply the corr. to the left of the ob- 
served amplitude. In S. lat. ajiply it to the right. 

(3.) When the observed and true amplitudes are both N. or both 
S., their difference is the Variation. If one is N. and the other S., 
their sum is llie Variation. 

Then, the observer being in the centre of the compass, when the 
observed amplitude is to the left of the true, the Variation is East; 
when to the right, it is West. 


Ex. 1. June icth, lat. 17° N., long. 
2<;° W., observed sun’s amplitude at setting, 
W. 40° N. : required the Variation. 

Lat. 17% Decl. if, .\mp. W. 24*^ N. 

Obs. W.^ N. 
Var. 16 W. 


Ex, 2. June loth, lat. 40' S., long. 
17° W., obtained sun's amplitude at setting, 
W. 12’’- 3 N. : required tlie Variation. 


Lat. 36°-7, Decl. 23'’'o, Amp. W, 29°'2 N. 

1 W. .3 -o N. 

Obs. Amp. 12 *3 N. ‘ ^ 


Var 16 *2 E. 


Ex. 3. May 28th, lat. 47° N., long. 
18° \V., observed tlie sun’s amplitude at 
rising, E. 10" N. 


Lat. 47'’, Decl. iif, Amp. E. 
So° and 22'^ Corr. 1 „ 

Obs. Amp. E. 10 -o N. / 
Var. 


32°-S N. 
9 •! N. 
2^4 W. 


Ex. 4. Sept. 25th, lat. 7° N., long. 
151^ E., observed the sun’s amplitude at 
rifting, E. 4^ N. ; required the Variation. 

Lat. 7°, Decl. x°, Arnp. E, 1° S. 

Obs. Amp. E. 4 N. 

Var. 5 E. 

The Corr. her5 is o. 


The correction in Table 59 A k the same for a star or a planet 
as for the sun, and is applied in the same way. When the moon is 
employed, the correction, which, in the case of the sun or a star, 
involves the sum of the dip and horizontal refraction, is the excess of 
her horizontal parallax over tins sum. As tlie moon’s hor. par. is 
^ » and the refraction in round numbers, this excess is about J®, 
'vliicli is nearly the quantity employed in Table 59 A. This cor- 
rection, therefore, serves for the moon, but it must be applied the 
contrary way to that directed for the sun. 

^37. The Computation, Accurately, 

(1.) Find the Greenwich Date and reduce the declination to it. 

(2.) To the log. sec. of the lat. add the log. sine of the declin. ^ 
«i)o ’ sine of the amplitude. Apply the correction as 
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888, Degree of Dependance, In low latitudes the amplitude is 
susceptible of mucli precision; in high latitudes refraction renders 
the result less certain. The relative temperature of the sea and the 
air produces no eff'ect on the observed amplitude. 

The observation of the amplitude is independent of error in the 
verticality of the sight-vanes, and is not sensibly aiFected by an ordi- 
nary error in the horizontality of the compass-bowl or card at tlip 
instant of observation. 


II. By the Azimuth. 

889. When the sun is low his bearing is more conveniently ob- 
served than when he is high, and it is at the same time less affected 
by an error in the verticality of the sight-vanes, or, which is the 
same thing, in the horizontality of the compass-bowl (No. 222 (4)). 
The observation of tlie azimuth will not therefore be practised iii 
cases of great altitude, except from necessity. 

This remark applies to all observations at sea in which tlie sight- 
vanes are used; for the verticality of the sight-vancs cannot be cor- 
rected by observations on board ship, and the glass, or up])er edge 
of the compass-bowl, cannot at all tinies be preserved strictly parallel 
to tlie card. 

It is also to be noted that the observation of the azimuth docs 
not, like some otliers (No. 495 (3), for ex.), afford the means of veri- 
fying, at the time, the adjustments involved in it. Thus, if the 
sight-vanes are inclined to the plane of the card, it will always be 
possible, in taking tlie sun’s azimuth, to throw tlie shadow of the 
wire upon the dark line, by turning tlie compass in azimuth towards 
the opposite side to that on which they are inclined, — tliat is, to a 
position in azimuth erroneous in a corresponding degree. Tliis 
error, which cannot be detected from a single observation, will, how- 
ever, always be indicated by the discrejiancy of azimuths observed 
on different sides of the meridian. 


1. By Azimntli on the Meridian. 

890. The Observation. When the sun approaches the meridian 
observe the azimuth, either by direct vision or by keeping tlie 
shadow of the upright wire upon the central dark line, and continue 
observing till tl^e same time after noon. The mean of the readings 
is the observed azimuth. See No. 221. 

When the sun is observed to the southward, if the observed 
bearing is to the E. of S., the variation is E. ; if to the W., it is • 
lien he is observed to the North, the contrary in each case. 
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2. By Azimuth from the Short Double Altitude, 

891. The true azimuth is obtained from the observation of the 
short double altitude, p. 2d8, without regard to the apparent time. 

Case 1. Observations on the same side of the meridian, No. 729. 

892. IVie Observation. Observe the sun’s azimuth during the 
interval between observing the alts., so as to obtain it at the middle 
of the interval. See No. 221. 

893. The Computation, Having corrected the alts, and taken 
their difference. No. 729 (1), add together the log. sine of tlic diff. of 
alts., the log. coscc. of the interval,'’^ and the log. sec. of the hit; 
the sum is the log. sine of the azimuth at the middle time from 
noon, nearly. 

Ex. (Ex. 1 , p. 240 .) Lat. 34^40' S., difT. of alts. 59'* i, interval 20® I2». 

D. Alt. 0° 59'* I sin. 8-2353 

Ini. 20® 12“ coscc. 1-0554 

Lat. 34"^ 40' sec. 0*0849 

Azimuth 13'’! sin. 9*3756 

This azimuth compared with that observed would afford the variation. 

894. Degree of Dependance. By adding to the result the ditl. 
for 3(y' in the sine of the J). alt., the effect on the azimuth of i' 
in the diff. alts, is seen, and tlie effect of an error, or small variation, 
of the D. alts, estimated. See also No. 079. 


Case II. Observations on different sides of the meridian, No. 731. 

895. llie Observation. Observe the sun’s azimuth when at the 
alt. nearest noon. See No. 221. 

896. The Computation. Having found the time from noon of the 
greater alt,, to the log. sine of this time add the log. cos. of the 
declin., and the log. sec. of the greater alt. ; the sum is the leg. sine 
of the azimuth at the time of observing the greater alt. 


Ex. (Ex. 1 , p. 241 .) Time from noon, ii® 59*, decl. 5^°, greater alt. 49^41'. 


T. from noon 

1 1® 59 ' 

Decl. 

54 ’ 

Great alt. 

49 ’ 4 «' 

Azimuth 

44 ° 


sin. 8-718 
cos. 9-998 
sec. 0*189 
sin. 8-905 


3. By Azimuth from Equal Altitudes. 

897 . The true azimuth may be obtained directly from the obser- 
vation of equal altitudes at sea, for time, No. 798. The azimuth, 
being computed as directed in No. 801, and compared with tliat 
observed at one or both of the times of equal altitudes, determines 
the variation. The altitude is required with more precision than lor 
finding the time by the method. No. 798. 


* When it is intended to find the Variation by this method at the same time as the 
latitude, it will be convenient to take the sum of tliesc three logs, first. The five logs. 
®‘“Pfoyed in No. 729 will thus afford two distinct rc^^lts. 



312 


NAUTICAL ASTRONOMY. 


This method is, however, not always eligible, because in low 
latitudes, where the observation of equal altitudes is favourable for 
the determination of time, tlie altitudes near noon are great, and 
therefore unfavourable for the observation of the azimuth. See 
No. 889. 

4. By Azimuth on the Prime Vertical. 

898. The Ohsenmtion. Having found by Table 29 either the 
app. time or the altitude at tlie instant of the passage of the prime 
vertical, begin to observe a little before that time, and continue 
observing till the same time afterwards. See No. 221. 

The mean of the readings, when it is not accurately E. or W., 
is the variation. 

A.M. If the sun bear to tlie northward of E., the variation is E. ; 
if to the soutliward, it is W. 

P.M. If tiie sun bear to the northward of W., the variation isW.; 
if to the southward, it is E. 

899. As a celestial body, when on the prime vertical, changes its 
azimuth more slowly than at any other time, an error in the appa- 
rent time will be of little consequence, and the method will be found 
one of tlie most convenient in practice in high latitudes during tlu^ 
six months that include the summer. 


5. By Azimuth deduced from an Altitude, 

900, The Ohserxmtion, Take bearings of the sun’s centre (No. 221), 
noting the time of eacli reading. Take an alt. as soon as convenient 
before and after the bearings, noting tlie times. 

901. The Computation, (1.) Having fouml tlie mean of tlic 
azimuths and of the corresponding times, reduce the alts, to tlio 
mean of the times. No. OGO, reduce the deck, correct the alt., and 
find the azimuth, No. 673 or 674. 


Ex. Feb. 19th, 1828, P.M., Baia Bay, Naples, lat. 40° 50'N., long. 14° 3' E., Mr.Fisher 
observed the mean of seven azimuths of the sun by Kater’s compass, N. 223'^24'E. (or 
S. 43'^24'W.) Sun’s true alt. 33'" 34'; sun’s reduced decl. ii°i4'S. 


By Expl. Tab. 5 > 

lat. 41'^ alt. 33J® M I58’9 N 57*5 
Decl. 11^°, dist. 159 Dep. 31*0 (lesser) 

Sum 88*5 


Dist. 100 and D. Lat. 88*5 give 
course or Az. S. 

Ditto observed 

Var. 


28® W. 
TsiW. 


6. By Azimuth deduced from the Time. 

902. The observation is already described in No. 900. 

(1.) Find the Green. Date, to which reduce the declination and 
the elements employed in finding the hour-angle. 

(2.) Compute the azimuth, No. 675. 

Ex. 1 . June 2 3d,*' 1829, p.m., at Constantinople, lat. 4i®i'N., long. 28° 
mean of seven times by chron. 4‘‘43™ 15*, and of seven azimuths of the sun, observed by 
jMr. Fisher with Kater’s compass, between 286^30’ and 288''-*, was N. 287° 16’ E., or N* 
72*44.' W. 

Ileduced pol. dist. 66® 33'. 
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Time 4** 43*" 1 5* 

Chron. fast on A.T. 3 32 

Sun’s Hour-angle 4 39 43 half 2** 19"’ 51* 

Pol. Dist. 66^^ 

Colat. 48 59 

1 14 92 half 57° 46' 

17 34 8 47 

69° 19' 

14 28 

Azimuth N S3 47 W. 

Do. observed N 72 44 W. 

Vau. 1 1 3 W. 


cot. 0*15531 


©•* 553 * 


sec. 0*27297 
cos. 9*99488 
tan. 0-42316 


cosec. 0*07269 

sin. 9’ *8383 

14° 28' tan. 9*41 183 


Ex. 2 . Dec. 27th, 1831, Lisbon, laf. 38'^ 4^' N., long. 9° 8' W., Mr. Fisher observeu 
the mean of ten azimuths of the sun by Kater’s compass (between 165° and 166 5c') to be 
N. 166' 7' E. The mean of the times by chron (belween lo*' 7"' 30* and ic*’ 15'*' 45") v^-as 
10^ 1 1"’ 47*. Chron. fa.st on A.T. 42"* iS*- ; red. pol. di.^t. 113^ 22'. 

Computed Az. N. 14 3'^ 44' E. ; Var. 22 23" W. 


III. By Astronomical 'Bearings. 

903. The true bearing of a point of land, or other terrestrial 
object, may be determined by means of the difference of bearing 
betwt'en it and the sun, or other celestial body; the true bearing of 
the latter being deduced by observation, or computed from the time. 

Tlie difference of bearing may be obtained directly by observitig 
with the compass tlie bearings of botli the sun and tlie object; or by 
the sextant, when the sun is on the horizon . Bnt as the observation 
of two bearings at the same instant cannot always be conveniently 
made, the angular distance between thcsim and llio object is measured 
by a sextant or circle, and the bearing of the oliject alone observed. 
The difference of bearing is then deduced, by calculation, from the 
observed angular distance and the altitudes of the sun and the 
object. 

The true azimuth of the object being thus obtained, the variation 
is deduced. 

904. The Ohserimtion, Observe the sun’s alt., then the angles 
between the object and the nearest and fartliest limbs ; lastly, observe 
the sun’s alt., noting the times of each contact. Take the alt. of the 
object, at the point from which the sun’s distance is measured. 

When the variation is required at the same time, the bearing of 
the object must be obtained as nearly as possable at the time of the 
observation of the angular distance. 

905. The Computation, (1.) Find the means of the times and 
angular distances, and reduce the sun’s alt. to the mean of the times. 
Find the Green. Date, and red ice the sun’s deck; find his pol. dist., 
correct the cbs. ang. cl'st., and the alt. of the object for index-error, 
"ben necessary. 
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Note. For common purposes, when the observer is not much elevated, and the alt. of 
the object does not exceed a few minutes, the sun’s decl. may be corrected at sight, the 
dip, refraction, parallax, and the alt. of the object neglected, and the precepts (2) and ^4) 
omitted. 

(2.) Find the app. alt. of the sun’s centre (by applying the ind.- 
corr. dip, and semid.), and thence the true alt. by subtracting the 
refr. or corr. of alt. 

(•3.) Find the sun’s true azimuth. When the sun is not near 
the meridian, this is found by No. 674. When he is near the meri- 
dian, it is better found from the time, No. 675. The hit. will be 
required more correctly as the sun is nearer the meridian, and less 
so as he is farther from it. 

(4.) For the corr. of ang. dist. arising from the point observed 
not being exactly on the true horizon. Take the ditf. between the 
obs. alt. of the object and the apparent dip. Table 30. 

To the log. sine of the remainder add the log. sine of the sun’s 
app. alt. and the log. cosec. of the ang. dist. : the sum is the log. sine 
of the correction of the ang. dist. 

When the dip is less than the alt. of the object, add the corr. lo 
the ang. dist. ; when the dip is the greater of the two, subtract it. 

(5.) For the ditf. of azimuth. To the log. cos. of the corrected 
ang. dist. add the log. sec. of the sun’s app. alt. : the sum is the log. 
cos. of the difi:\ of azim. between the sun and the object. 

When the ang. dist. exceeds 90®, take the supplement of the arc 
found as the diff. of azim. 

(6.) For the Variation. Ap])ly the diff. of azim. to the sun’s 
azim., according to the case, which will be best understood by draw- 
ing a figure: the result is the true azim. or bearing of the object. 

The true bearing comj^ared with that observed shews the varia- 
tion. 


Ex. Dec. 4th, 1819, at 7^ a.m., in Pernambuco Road, lat. 8*^4' S., long. 34"^ 52' VV., 

M. Givry took the following alts, and angular dist., height of the eye 16 feet, ind.-corr. o.-- 
{M^m. sur VEmploi^ &c.) 

Time byW. y*’ 2 5"’ 40* Alt. 0 23° 16’ I Ang. Dist. Circle. 

7 26 10 23 23 I 190’ 30' 30’^ 

Mean 23 19*5 95 15 15 


Object. S. 3i°4o’W. 

Alt. o 10 
Corr. o. 


( 1 .) 


Green. Date, 3d, 21** 47*" 


Red. Decl. 
Pol. Dist. 


22° 10' 47" S. 
67 49 


( 2 .) 

Obs. Alt. 23® 1 9^*8 

-4' ) 

•fi6*2j 4 12 

App. Alt. 23 32 *0 


True Alt. 23 3c 
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(3.) Sun’s Azimuth. 

Pol. Dist. 67° 49' 

Lat. 8 4 sec. 0*00432 

Alt. 1 % 30 sec. o 03760 

99 ^3 

49 41 cos. 9*8 ioqi 

18 8 cos. 9*97788 

110 45 sin. sq. 9*83071 
or S. 69 15 E. 

(4.) Corr. of Ang. J)i.st. 

(Alt.) 10'— (dip) 4' — 6 sine 7*242 
(£ Alt. 23^ 30' sine 9*601 
Disl. 95 15 cosec. 0*002 

+ 2 sine 6*845 

Con. Ang. Dist. 95 17 


IV. Teuresirial Bearings. 

90G. Tile true bearing or aziiniitli of a mountain, at a consider- 
able distance, is detenniiu^d from its geographical position and that 
of the observer. As the true azimuth and the course on the great 
circle are the same thing, th(^ problem is that in No. 339 (1), p. 109, 
Blit as mountains are rarely seen much beyond a hundred miles, it is 
near enough to proceed thus: — 

Find the D. Lat. and I). Long, between the places in minutes of 
arc. Turn the D. Long, into Uep. No. 318 or 319. Find the Course, 
No. 280 (1). Tliis is the approximate azimuth. 

With the mid. lat. as a course, and the D. Long, as dist., find the 
Dep.; this is a number of niiinitos, one half of wliicli is to be sub- 
tracted from the apjjrox. aziiii. ; the remainder is the true azimuth, 
very nearly. 

Ex. Lat. 60° 6' N., long. 142° 50' W., find the true azim. of Mt. St. Elias in lat. 60^^ 18', 
long. 140° 52'. 

D. Lat. 12 and D. Long. 118 give Dcp. 58*6, and Course 78° 26'. Then 60° and 118 
give Dep. 102*2 ; and 51' subtracted from 78^26' gives the Azim. N. 77° 35' E. 

In low latitudes, and in all eases when the object is near N. or S., the correction may be 
neglected. (For more precision, sec No. 395, p. 1*29.) 

907. Tlie word Variation is growing out of use among scientific 
people, and the word Declination is taking its place. The intention 
of the change is good, inasmuch as it obviously aims to confine the 
popular word variation to express change alone ; but it is, on tlie 
other hand, rather an odd way of attaining precision in the language 
of a science to adopt, in a new sense, a purely technical word already 
set apart to express an element of another science associated with it 
at every step. The name declination is used in Latin treatises, and 
ill the Frencli and other languages of Latin derivation. In German 


(5 & fi.; Computation of DifF. of Azim, 

Ang. Dist. 95“ 17' cos. 8*9642 

0 Alt. 23 30 sec. 0*0376 

Suppl. 84° 14 crts. q'ooi8 

95 46 

© Az. S 69 13 E. 

Obj. Az. S W. 

Observed S 3 1 40 W. 

Var. 5 II W. 

Z 



S S' 
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the common term implies siuerving from, and, in some other northern 
languages, mia-shewing The sense is fully conveyed in the com- 
pound out-of-the-iVfty-HPSS ; tliafc is, de-via-tlon. 

The term derhttion is thus, if a new name is to he adopted, suffi- 
ciently precise and descriptive; and local deviation springs directly 
from it as the effect due to local circumstances. But the word 
declination is, at least by all scientific analogy, singularly unlucky; 
for magnetic declination, in the phraseology appropriated to the 
circles of the sphere, is an arc perpendicular to the magnetic 
equator. 

Again, as to the dip, it is the fashion now to call this Inclination. 
This term, indeed, indicates angular position with respect to the 
hoi izon ; but it does not, like the old word dip, answer tlie further 
o])ject of directing the mind to that extremity of the needle which is 
below the horizon ; because, in general, the term inclination relates 
to the direction of a line, and depression to the position of a point. 
We have, it is true, on tlm other hand, the term “ depression of the 
horizon;” but these can never be confounded; and tlie question, 
moreover, is not the establishment of new terms for new things, but 
the changing of old terms for old things. Besides this, the term 
inclination seems the best adapted to the jvosition of the ship herself; 
a consideration a])solutely necessary in all questions of the compass, 
tljough perpetually overlooked: for whicli, therefore, it must be 
reserved, as its synonyme heel means, also, the foot of the stern- 
l^ost. 

The new terms are employed incidentally in the instructions 
given by the Council of the Royal Society to Ca]>tain Sir J. C. Ross 
on his expedition to the antarctic regions. But the assimilation of 
the scientific language of different countries, to the extent of two 
words, is no reason why we should abruptly depart from our old- 
establislied sea-terms to follow those of otlier nations less essen- 
tially maritime. It is accordingly to be hoped that scientific and 
intelligent seamen will strongly oppose all sudden changes in our 
marine vernacular, introduced on scientific or any other grounds, 
but especially one so ill considered as this, which tends directly to 
throw into confusion the slender vocabulary of tliosc seamen who 
navigate thousands of our ships with the minimum of scientific 
knowledge, by entailing on us all the perpetual necessity of distin- 
guishing betNveen the declination of the sun, or any celestial body, 
and the declination of the compass.^ 

* This last term seems rather adapted to the action of machinery than of a physical 
cause; to a clock, for e.xariipie, rather than the compass. 

+ The word variation is clearly a misnomer. A thinfj varies when it docs not remain 
the same. A clock varies when it docs not shew the same time from day to day, whether 
the time shewn be true or not ; hut no one ever thinks of calling this error of the clock its 
variation. Again, when the course is wrongly shaped we do not call the error by the name of 
variation. What we mean by the variation of the compass is simply an error, but the word 
error is too vague ; and we require to denote, out of all the errors to which the compass i" 
liable, that particular one which has its source in the nature of magnetism, and this seem." 
pntisfat;torily represented by the term deviation. We propose accbrdingly. after a prop^'^ 
period, to adhere systematically to the deviation of the compass, the dif of the needle, tn? 
dt 'i vession of the horizon, and the inclination of the ship. 




CHAPTER IX, 


The Tides. 

1. Phenomena of the Tides. 1 1. Rules for finding the Time 
OF High Water. III. Tide-Observations. 

908. In this chapter we shall attempt merely a general enume- 
ration of the principal phenomena of the tides, with such other 
matters as are of direct practical importance.'^ 

1. Phenomena of the Tides. 

909. The connexion observed in all ages, and, with particular 
exceptions, in all places, between the succession of high wat(*rs and 
the moon’s meridian passage, has established the belief that the 
moon is the cause of the tides. The ])rinciple of gravilatioiui oa 
which the motions of the earth and the celestial bodies are calcu- 
lated, and their figures explained, lias confirmed, and at the same 
time corrected, this belief, by shewing that sensible efiects must be 
produced not only by the moon, but also by the sun, though, from 
her greater nearness, the moon has by far the greateu' infiinmce; 
and the general result w^onld, naturally, until the observations were 
analysed, be attributed exclusively to her. 

910. The attraction of the moon acting most strongly on those 
parts of the ocean which are nearest to her, that is, over wdiich she 
IS vertical, tends to draw these parts towards her, wdiile their place 
is supplied by the w'ater at the sides of the globe. And since the 
central parts are likewise more affected in the same action than the 
surface at the opposite or farthest side, the figure of the earth 
becomes elorijrated i:: ihe direction of a line drawn towards the 
moon; that is, the w^ater is accumulated at tlic point exactly undei 


* The reader may refer, for additional information, to various papers, by Sir John Lub- 
bock and the Rev. Dr. Who well, in the Philosophical Transactions, See . particularly 

Essay towards a Map of Cotidal Lines,” followed by otlicr dissertations by Jjr. 
Whewell ; to Sir John Lubbock’s “ Elementary lYeatisc on the 'J'ides,” and to the “ An* 
nuaire des Marees” for 1H:39. 

t This principle is that there subsists amongst all particles of matter a mutual attraction, 
whose intensity is inversely as the square of the distance, or in the proportion described in 
No 233, third paragraph. 
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the moon, and at another point distant from the former 180® in 
latitude and longitude. The moon, in her progress to the westward, 
causes thus, at each meridian in succession, a high water, not by 
drawing after her the water first raised, but by raising continually 
that under her at the time. 

Tlie opposite high water, or, as it is called, the inferior tide, 
would, if the moon’s action was uninterrupted, follow the other, or 
superior tide, after the interval of half a lunar day, or 12'' 24'" on the 
average. 

Again, the sun, acting in the same manner, though with less 
force than the moon (in consequence of his distance more than 
jounterbalancing his greater magnitude), produces two tides, which 
would follow each other, if uninterrupted, after an interval of half a 
solar day, or 12 hours. 

91 i. But, instead of four separate tides produced by the inde- 
pendent actions of both bodies oii the mass of waters in their origiu d 
form, the effect produced is the same as if, after one of the bodies, as 
the moon for example, has given a form to the waters, the sun alters 
that form, the two separate actions tluis producing a joint result. 
Hence the place at which it is high water is that at which the sum 
of the heights of the tides produced by the two bodies is greater 
than any where else. 

912. When the sun and moon are on the meridian together, 
their actions concur, and the tide is higher than at any otlier time. 
The same holds when they are in opposition. These highest tides 
are called sprincj-tidcs, and occur after new and full moon. Again, 
when the sun and moon are 90^ apart, their actions tend to neu- 
tralise each otiier; and the n (uqj^ tides ^ \\\\\q\\ occur after the first 
and third quarters of the moon, are the smallest of all. (See No. 
919.) 

913. Since the sun and moon act with greater force as they are 
nearer, the effect of each body in raising the tide is greater as its 
parallax is greater (No. 43G). The highest sj)ring- tides would 
occur, therefore, in January, about the time of the month when the 
moon’s hor. par. is gj’(,*atest. But the elfect of both bodies is gi*eat(‘r, 
generally speaking, as their alts, are greater, since when vertical tlic 
effect is greatest. This period, therefore, depends on circnnista?ices. 

914. if the actions of the sun and moon were, as we have hitherto 

supposed, uninterrupted by obstacles or forces of any otlier kiiid«<, 
the tides would be regular, and their calculation certain. But 
from the unequal depth of the ocean, and the barriers, presented by 
continents which stand across the natural progress of the tides, tlicir 
motion is interrupted, and the tide-wave (as the accumulation of 
waters is called), abandoned by the forces which originated it, 
becomes subjected to the mechanical action proper to waves m 
general. » 

915. It is necessary to distinguish between the motion of a wave 
and that of a current. A wave is not an absolute transfer of the 
body of moving water in the direction of the motion of the waves, 
but is a motion perpendicular to the surface, or up and down. Ih*^ 
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motion of waves is represented in the fluttering of a flag and the 
shaking of a sail. It is easy to see that this kind of motion is 
compatible with immense velocity, without any appreciable current 
in the water itself ; thus the tide-wave apjiears to pass from the 
Cape of Good Hope to Cape Blanco in twelve hours. 

916. The motion of waves is quicker as the water is deeper. 
Also, the largest waves are the swiftest; a fact illustrated by the 
superior velocity of a heavy sea over that of the rippling of a pool. 
When tlie water shoals, the wave is retarded and becomes steeper 
on the advancing side, as is seen in the approach of waves to a 
shelving shore, and in the bores of rivers. The velocity of waves is 
also considered to be greater as their length (or distance from hollow 
to hollow) is greater ; thus the tide-wave, though inferior in height 
to the waves of an agitated sea, yet travels with prodigiously greater 
velocity. Waves of different size and velocity merge into one an- 
other, as is known to those who have endeavoured to follow with 
the eye the waves of the sea. Lastly, when the waves meet with 
obstacles, such as sand -banks or reefs, the directions of their 
motions, as well as their figures, are clianged. Several of the 
anomalies which the tides present arc attributed to these and like 
circumstances.*' 

917. The current which accompanies the tide, and changes its 
direction with the ebb and flow, is the e fleet of the alteration of 
the level of the wat(?r during the passage of the tide-wave. Also, 
when a body of water in a channel has been set in nioticjn, the 
motion does not immediately cease with the cause that produced it. 
Hence the tide-current does not necessarily, and in all cases, change 
with the tide; and thus, under certain circumslances, the current of 
the ebb continues to run for some hours alter the flood-tide has 
made. 

It is considered probable that many of the anomalies in recorded 
times of tide have arisen from thus confounding the time of high or 
low water with the time of slack water. 

Admiral Bccchcy, who bestowed much attention upon the com- 
plicated nioveincnts of the tides on our Western coasts, states that 
though each point of the coast in the Irish Channel has its proper 
time of high water, yet the turn of the stream takes place simul- 
taneously to all, namely, about the time of high water at Morecombe 
flay. This time is nearly that of Liverpool; accordingly, in oider to 
know whether the stream is setting into the Irish Channel or out of it, 
it is necessary merely to find whether the tide is rising or f.dliug at 
this place. Thus while the tide-wave, in coining in, is making it liigh 
Water at the different places succeeding each other in its progress, 
the streim is, nevertheless, running out.^f 


* Among the most curious of these effects are those called interferences j whereby two 
diaijict sets of waves may, in their combination, produce apparent rest. See Phil. Trana. 
p. 154. On this principle are explained, also, tides whicli occur at irregular intervals 
) A Report of Observations made on the Tides in the Irish Sea, &c., by Capt. F. W* 
Reechey, R.N., Phil. Trans. 1848 ; see also Naut.May. 1819, p. 70. 
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9 IS. The heiyht of the tide is the difference between the level of 
high water and that of low water.* 

The height of the tide in the open ocean is supposed to be very 
small ; and the great heights observed on some shores are evidently 
due to the shoaling of the water and the narrowing of the channel. 

The tides are insensible or very small in inland seas ; as also 
in high latitudes, except from local canses.^f 

919. It is found, in general, that the tide is not due to the moon’s 
transit immediately preceding, but to a transit which has occurred 
some time before. The time thus elapsed between the transit at 
which the tide originated and the appearance of the tide itself is 
called the retard^ or age of tlie tide. 

Thus the tide on the western coasts of Spain and France is a 
day and a half old ; that at London is two days and a half old. 

It appears certain that the age of the tide on the W. coast of 
Ireland is 2 days (p. 38), and on the S. AV. coast 1** 20‘’ (p. 1 10).t 

It would appear further that changes in tlie parallax and decli- 
nations of the sun and moon produce their several effects on the 
time and height of the tide after particular intervals. 

It is thus constantly necessary to discriminate between a tide 
which may happen after any particular transit and the title which 
really correspouds to that transit; thus, for example, if the moon 
passes the meridian at 4 p.m. to-day, and the high water occurs at 
7 P.M., this tide will not in general be that which corresponds to the 
transit 3 hours before, but may have had its origin several transits 
back. The transit to which the tide really conhisponds is found by 
examining the observations of the several pfccoding tides, tlie highest 
of which, being due to the united actions of the sun and moon, is 
known to corres]K)nd to the moon’s transit at 12 o’clock, noon or 
midnight. 

920. The mean level of the sea is the middle between the levels of 
high water and low water. 

Though the heights of high water and those of low water may 
vary considerably, yet the mean level seems confined to very narrow 
limits. Thus, at Singapore, where the heights of two consecutive 
low waters differ sometimes six feet, the mean level varies only a 
few inches. — Phil. Trans. 1837. 

H ence it follows that heigfits measured above the sea should be 
referred to tlie mean level as the standard or zero, instead of that of 
either low or high water. 

It is not, however, to be supposed that the middle point between 
any two consecutive tides is the mean level. This will be the case 

* The term range would he preferable to height^ as it implies a distance between boun- 
daries, as, for ex., the range of the barometer. The “ height of the tidc’^ is continually, w 
common discourse, used for the height of the water. 

t Sir John Ross fojiiid a rise and fall of 8 feet in lat. 74° N. 

X On the Law of the Tides of the Coasts of Ireland, by G. B. Airy, Esq., Astronomer 
Fmal, P.M. Trans. 1845. This paper refers to a most extensive and complete series <- 
observations made in 1842 under Gen. Colby, director of the Trigonometrical Survev. thief y 
for the purpose of referring the elevations observed to the level of the sea. 
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only when two tides m succession attain the same high-water level 
and the same low-water level, as at springs. 

921. By the JSstablish merit of the Port* has been commonly 
understood the apparent time of the first higli water that takes place 
in the afternoon of the day of full or change. This Dr. Whewell 
lias called the Vulgar Establishment. 

922. The interval between the moon’s transit and the high water 
next following is called a lunitidal intervaL 

The lunitidal interval varies from day to day during the fortnight 
between full and change. 

923. The correct establish merit is the lunitidal interval corre- 
sponding to the day on which the moon passes the meridian exactly 
at noon (with the sun) or at midnight. This is found by taking the 
mean of all the times of II. W. for a fortnight. The Vulgar Estab. 
may thus be an hour, or considerably more, in error when used as 
representing the II. W. on any day of the fortnight. 

The tide caused by the united actions of the sun and moon, when 
each of these bodies is in one of the positions most favourable for 
raising tlic water, is identified by its superior lieigbt. And it is 
thus found (as observed in No. 919) that the intcu’val by which the 
tide follows the moon on the day when the full or change occurs at 
12 o’clock, or the lunitidal interval correspondtriy to that particular 
transit, is not the interval actually observed on that day. 

The establishment of the port, and also the height of the tide, 
appear to be subject to cliange. 

924. The difference between the lunitidal interval at each transit 
of the moon and the correct establishment is called (by Sir J. 
Lubbock), from the period of its recurrence, the scmi-menstrual 
Inequality, 

This inequality is found to be different for different places; hence 
the time of high water at any place cannoL generally, be accurately 
deduced from that at any other place by merely applying the differ- 
ence of time between the two establishments. 

925. The tide is subject, in like manner, to a semi-menstrual 
inequality in the height. This inequality being, like that in the 
time, different for different places, the height of a tide at any one 
place cannot always be correctly inferred from the given height at 
any otjjer. 


* The term THde-hour has been adopted, in Table 13, in preference to the ICaiabiisfiment 
o/ the Port, which, besides its inconvenient length, and the foreign and awkward aj>pear- 
ance which it makes amongst our other technical terms, is objectionable on important 
grounds. The word “ establishment, '' in English, has already certain received senses. It 
implies, generally, a building or institution ; it is an abbreviated exppssion for the Episcopal 
Church. In the naval departments of Government it implies the regulations which deter- 
ttiine the equipment of the ships, dimensions and weight of stores, and the number o* 
officers and men. The addition of the term port, intended to limit the vague te'm 
“ establishment, '' restricts the sense too much; for not the ports only, but every point of 
the coast, and often many places in the same port, have severally their proper '' establish- 
jnents.*' The German name Hafenzeit ( Harbour- time;, on the other hand, is, to us at 
Vast, a misnomer, ,since its natural meaning is the proper time for entering the harbour, 
tae term Tide -hour is short and unequivocal; these are. the main points. It is English, 
‘^t'd Kufiiciently exact, and will accordingly be employed lill a l>etter is suggested. 

r 
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926. It has been found that the morning and afternoon tidesi 
uo not rise to the same height ; the difference is called the Diurnal 
Inequality, 

Tliis irregularity is the consequence of the sun and moon not 
being always on the equator. Thus, suppose the moon in 20® N. 
dcclin.: then the surninit of tlie superior tide is in 20® N. hit., and 
of the inferior tide in 20® S. lat., each alternate tide having thus 
its greatest elevation in the other hemis])liere. The diurnal inequa- 
lity is subject to steady rules, and may be predicted. — Pkil. Trans, 
1837. 

927. The maximum of the diurnal inequality corresponds to the 
moon’s greatest declination, though it may not appear till after the 
time of the greatest declination. In like mannt?r, it disappears with 
the moon’s declination, but not till some time after she has crossed 
the equator. For example, the age, as it may be termed, of this 
inequality is, at Liverpool, six days; at Singapore, a day and a half. 
—PhiL Trans. 1837. 

928. A diurnal inequality appears in the times, as well as in the 
heights, of the morning and afternoon tides. Thus, near Caj)e 
Florida, the diurnal inequality of the time was found, at its 
maximum in June 1835, to be 2^ liours. — Phil. Trans. 1836, p. 308. 

929. Strong winds affect the time and height of the tide, but 
chietiy the former, csy)ecially in rivers and narrow seas.* * * § 

The pressure of the atmosphere also affects the height of the 
tide, the water being in gemu'al higher as the barometer is lower. f 

930. Though high and low water may succeed each other regu- 
larly as to time, I' yet the water does not always rise and fall at the 
same rate. Thus, for ex., the water in some places falls faster 
during the first of the tide than afterwards. 

Irregularities both in the duration of the tide and in the rate at 
which the water rises or falls, are, however, most conspicuous in 
rivers. § 

At Limerick and New Ross, the fall of the water occupies a 
longer time than the rise; at most other stations tlie rise appears to 
occupy a little longer time than the fall. This last, however^ appears 
less certain. — Phil. Trans.., 1845, Law of Tides.” 


* Adm. Beechey accjuainted me that be considered strong winds do nor ‘be waM 
more than two feet, even in tlie Bristol Channel, where the ranee is above forty feet. 

t It has been cstahlislied that a rise in the barometer of an iiieli is accompanied by a fab 
in the height of the water of twelve or fourteen inches. This opjrositc motion of the water 
and the mercury due to the atmospheric pressure was established by Mr. Daussy in discuss- 
ing the tide-observations made at Brest. 

The observations on the coasts of Ireland in 1812 agree with those of Mr. Daussy, Ur. 
Whewcll, and Mr. Bunt, in shewing a contrary motion in the water to that of the mercury, 
and from twelve to fourteen times the amount. 

:}: The tide at Courtown exhibits extraordinary irregularities : the tide-hour does no 
increase constantly, as elsewhere, but oscillates hackward.s and forwards, &c. (pp. 117, 

§ At Linjcrick, a%r low water, the water sometimes rises as much in ten minutes as i 
nad previously dropped in two hours. Such irregularities cause considerable difficulty m 
sacertainiug the true state of the case 
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IL Rules for Finding the Time of High Water. 

931. The first of the two following rales, which is the old method 
of finding the time of high water by the moon's age, affords merely 
a rough estimate, as it may be in error nearly two Iiours. The 
oecond, which involves the senii-menstriial inequality, will be found 
a tolerable approximation on our own coasts, being generally within 
15'” or 20'"; but as each place has a dilferent semi-menstrual inequa- 
lity, the degree of accuracy which it may jiossess as ajiplied to other 
parts of the world than those for which the table is constructed, 
cannot be pronounced. 

Complete rules for computing the time and the height of the tide 
involve, also, corrections for parallax and declination, and require 
special tables for each port.^' 

932. Rule I. for a roiufli a^timate, (1.) For the moon’s age. To 
the epact of the year, Table 14, add the epact of the month, and the 
day of the month. The result, if less than 29'’ Id*', is the moon’s age 
at noon; if it exceed 29^* 13*', subtract 29‘‘ 13*'. 

In leap-years, in January and February, deduct 1 day. 

(2.) For the moon’s meridian passage.^. Multi |)ly her age, to 
the nearest day, by 8, and ])oiiit off one decimal : the result is the 
time of the mcrid. passage nearly.^ 

(3.) For the time of high water. To the time of merid. pass, add 
the establishment of the port (or tidc-houV). 

(4.) If the sum be less than 12 hours, it is the time of high 
water p.m. ; if it exceed 12 hours, it is the time of high water next 
morning; and, to obtain the time for p.m. on the present day, sub- 
tract 12*' 24"*. 

If the sum exceed 24 hours, it is the apparent time of high 
water p.m. the next day; for the time p.m. on the proposed day, 
subtract 24** 48"*. 

Note . — This rule supposes that the tide always follows the moon by the same interval ; 
92 S witerval, generally speaking, is different for each day of the fortnight. See No . 


* tables are given in the Tides published annually by the Hydrographic Office, 

the errors of the predicted times do not appeiir to exceed fi\e or ten minutes, except in 
gales ot wind, when the time of high water may be altered upwards of half an hour. 

t This is often called southing ; but as in south latitude the moon jiasses the meridian 
0 the northward, this term is not adapted to general use. 

•11 ^noon’s age thus found may be more than a day in error, but her merid. pass, 

generally be less than an hour in error. 
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Ex. I. Find the time of high water at 
Falmouth, Oct. 2d, 1878. 


Epact 1878 

26** 3** 

Do. Oct. 

7 5 

Days 

2 

35 » 
-29 13 

6 

8 

3*8 Mer. Pass. 

4*8 = 4 ’* 48* 

Tide-houi 

4 5 30 

Time OF H.W. 1018 


Ex. 2. Required the time of high water 
at Shields, March 31st, 1878. 

Epact 1878 26‘‘ 3‘' 

Do. March 29 11 

Days 31 

86 14 

27 

8 


21*6 •*=21'* 36" 
Tide-hour + 3 23 

24 59 

^4 48 

Time of H.W. oh p.m. 


Ex. 3 . Find the time of high water at Liverpool, March 10th, 1878. 

Tide-hour ii** 23® Time of II. W. y** 23™ p.m. 

Ex. 4 . March 30th, 1878, find the time of high water at Portsmouth. 

Tide-hour ii*^ 41® Time of II.W. 7’’ 41” p.m. 

FZx. 5. June 2d, 1878, find the time of high water at Liverpool. 

Tide-hour ii*' 23“ Time of II. W. o** 35“ p.m. 


933. Eule IL (1.) Take from the Nautical Almanac the M.T. 
of the moon’s meridian passage, and correct it for the longitude hv 
Table 28, 

(2.) Take from Table 15 the semi-menstrual inequality corre- 
sponding to (his time, and apyjly it to the reduced time of mcr. pass, 
as directed in the table. To this result add the tide-hour, and the 
r ‘73 is the time of high water. 

(3.) When this time exceeds 12 hours, it is the time of high water 
past midnight, — that is, a.m. the next day. 

When, therefore, the p.m. tide preceding is required, it is neces- 
sary to employ the inferior transit of the moon. 


Ex. 1. Aug. 6th, 1878, 

find the time 

of high water at Shields. 

Long. 1° 25' W. ; 

■hour 3** 30'". 





3 )’s tr. 61 h 

6 ’' 45 ® 


Inf. tr. 6th 

6 ” 17“ A.M. 

Corr. for long. 

0 


Sem. ineq. 

— I 0 

Sem. ineq. — 

■0 50 



“Tir 


T'ss 


Tide hour 

3 30 

Tide-hour 

3 30 


Time op H.W. 

8 47 l.M. 

Tims of H.W, 6th 

9 25 P.M. 





Ex. 2. Aug. 29th, 1878, find the time of H.W, at Portsmouth. 

Tide hour, h** 41®, High Water 29th, i2‘‘ 40®; or 30th, o’* 40® a.m.; and 0" 
V.X. on 29th. 

Ex. 3 . March iitb, 1878, find the time of high water at Cherbourg. 

Tide-hour, 7'* 49®^ High Water iith, 12'* 28®; or 12111,0** 28® a.m. No tide iithf.M. 

(4.) When the time of the moon’s transit, on the given day 
exceeds 12 hours, the transit occurs a.m. on the next day (cwu 
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time). It is evident, therefore, that to obtain the times of high 
water on the same day, we must, in such cases, employ the transit 
of the pn'ceding day. 

Subtract 12‘' from the time of transit, to enter the table of the 
gemi-ineiistrual inequality. 

To find tlie other tide, we must employ the inferior transit as 
already directed. 

Ex. 4 . April 1st, 1878, find the times of high water at Shiclus. 


The time of transition 


For the a.m. tide preceding. 


April ist 

23 » 

42™ 

Inferior trans. March 31st 

IO»i 

3’s tr. March 31 st 
Corr. for long. 

13 

2 

0 

Sem. ineq. 

Tide-hour 

+ 1 6 
_+3_i3 

Sem. ineq. 

0 

II 

I Time of II. W. 31 st 

13 42P..M. 

Tide-hour 

+ 3_ 

n 

or April ist 

1 42 A.M. 


Time op H.W. March 31st 26 36 p.m. 

or April ist 2 36 p.m. 


Ex. 5 . July 2d, 1878, find the times of high water at Tynemouth bar. 
Tide*hour a** 50“. High Water aid, 7’* 15"* a.m., and 7** 38™ p.m. 


934. When the range of tide is considerable, and the depth not 
great, and it is required to identify the place of the ship by the 
soundings, or when about to enter a harbour in a vessel whose 
draught of water is nearly equal to the depth, it is necessary to 
find the height of the tide as exactly as circumstances permit. If 
the place is one of those of which particulars are given in the tide- 
tables published by the Hydrographic Office, the depth is found by 
the rules there given. When such tables are not at hand, it may be 
found approximately by Table 16. 

935. It is pro})er to remark that the age of the tide is necessary 
to the computation of its lieight. Thus, supj^ose it is H. W. at 
2*’ 30"' P.M. on Monday, the day of change. Now, if this II, W. is 
the tide realhj correspoiuling to the transit of the sun and moon 
together (No. 919), it will also be that which gives the spring range; 
the next range, tlierefore, will bo less, and each range in succession 
will go on decreasing to the neap-tide. But if the age of the tide, 
in tile sujiposed ease, is 2 days, that is, if the highest tide does not 
follow till 2 days later, or till Wednesday afternoon, then the range 
on Monday will not be so high as on Wednesda}'*; that is, the range, 
instead of decreasing continually to the neap-tide, will go on increase 
i^^g for the next 2 days ; after which it will begin to decrease until 
the neap-tide, which will take place 2 days after the Ist quarter, and 
tiot on the day of the 1st quarter. 
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III. Tide-Obskrvations. 

936. It is evident, from wliat has been said (Nos. 919, 922), 
that the establishment cannot be truly deduced from the notice 
of a solitary high water; and that observations, continued, at least 
through a seini-bination, are necessary for even a tolerable approxi- 
mation. J3ut the true establishment cannot be successfully deter- 
mined from a series of observations involving the semi-inenstrual 
inequality, the various effects of changing declinations and paral- 
laxes, with temporary and local circui instances, except by persons 
not only thoroughly versed in arithmetical operations on an exten- 
sive scale, but well exercised in the parlicular intricacies of these 
laborious calculations. W c have, therefore, confined ourselves here 
to merely indicating the details which should accompany tide-obser- 
vations. 

(1.) The exact spot of ohservat ion must be specified. 

(2.) The instant of both high water and low water should be 
stated, with the height, or difference of the two levels, in feet and 
inches. As the water hangs for some time towards tlie turn of the 
tide, and as the tide-current may be independent, it is necessary to 
note the instant at which the water passes a fixed mark, both in 
rising and falling; the means of these times are the instants of high 
and low water respectively. The marks should be fixed in some 
place to which the water passes slowly, because the waves, however 
small, continually washing over the marks, render it difficult to 
detect a small rise or fall of the water. 

The observations of both low and high waters of the 24'^ are 
necessary for determining the Diurnal Inecpiality; but as tlie time 
of this inequality is of less importance than the height, it will often 
be enough, in respect to this particular ])oint, to note the height 
alone. 

About mean water (or half tide) the surface rises or falls with 
greater velocity than at any other time, and accordingly the instant 
at which the water passes a fixed mark or a given horizontal line 
may be observed with greater precision than at any other time. 
Hence it has been recommended to notice the instant of passing one 
or two such marks, instead of the times of high and low water. — 
“ On the Law of the Rise and Fall of the Sea’s Surface during eacti 
Tide .” — PhiL Trans,, Part II. for 1840. 

It has been proposed to place the marks at half-tide, but this 
does not answer, especially where the diurnal inequality is consider- 



THE TIDES. 327 

able?.* The intervals should be short on either side, of high and low 
water, because the tides do not rise and fall with equal velocity. 

(3.) The times of slack water should be noted. 

(4.) The direction, and, in general terms, the force of the windf 
should be stated, as, also, the height of the barometer. 

As the effects of winds and atmos|>herical changes are not con- 
fined to the particular hours during which such causes are in action, 
it will be proper, when only a short series of observations can be 
obtained, to add further a brief notice of the state of the weather 
for some time previous. 

Observations continued for a fortnight afford a first approxima- 
tion to the Tide-hour ; and when carried on for some months, this, 
with some other principal elements, may be obtained with consider- 
able accuracy. 

937. The custom has prevailed of noting the establishment Jis 
tlie hour of the day; but it obviously should, as recommended by 
])r. Whewell {Phil. 7Vr/?/5. 1833, p. 229), be considered merely as 
an interval. Since the correct establishment is measured from twelve 
o’clock, it may, indeed, appear to be indifferent whether w^e call it 
an absolute time or an interval ; but the absolnte time of the tide is 
in all cases referred to the instant of the moon’s transit, and it is 
absurd to talk of adding two absolute times together; as, for ex- 
ample?, adding three o’clock of the day to five o’clock of tlie day. 
Also, by considering the establishment as an interval only, we avoid 
confounding mean and apparent times. 

938. The soundings on the charts are the depths at “ low water ;* 
but this term may imply indifferently the mean low water of the 
whole year, or of the equinoctial spring-tides, of which the average 
is not always identical, or of those low waters only which were 
observed during the operations of survey. Since these may differ 
considerably from each other, the computed depth may be in error 
by the same difibrence. It might appear less ecpii vocal if the lowest 
of all the low waters were understood ; but this, though a natural 
phenomenon, and, so far, ])referable to an imaginary standard, as an 
average, is still defective, since it is affected l)y winds. It would 
appear, therefore, as (ya])t. Beechey pro])oses,'i- that the standard low 
Water should be identified as so many feet and inches below the 
mean level, which appears to be the only clement nearly constant. 

The mean level may, it appears, be found approximately by 
observations of four consecutive tides, which include the diurnal 
inequality. 


* Adm. Bayfield (to whom I am indebted for some impoitunt remarks and corrections 
here and elsewhere in the former editions) infoiras me that in the Sr. Lawrence the alternate 
ebbs do not fall to the half-tide mark at all when the diurnal inequality is considerable. 
Also Adm. Beechey acquainted me. as the result of numerous observations, tliat at Plymouth 
the half-interval of time between tlie passages over the half-tide marks requires of tbe 
whole int. to be added to it for the correct time of high water, in consequence of tho 
ouequal rise and fall. 

t “A Report of Observations,” &c. 
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I, Shaping the Coituse. II. Place of the Ship. III. Detek- 
MINING THE CuRRENT. IV. StORMS. V. MaKING THE LaND. 

939. In the preceding part of this volume each point of the 
Buhject has been treated sejiarately. The present section, which 
will conclude the Practice, and to which the former chapters may 
be considered subservient, contains matters of general reference in 
conducting the navigation of the ship. 


L Shaping the Course. 

940. As soon as the ship is clear of the land, and circumstances 
permit, her head is put upon the course to be steered, the log hove, 
and the departure taken. 

When the course is to-be shaped for a distant port, recourse is 
had, in defect of personal experience, to the Sailing Directions,* in 
order to learn what point to steer for, so as to profit by particular 
winds or currents, or to avoid dangers. The bearing of such point 
is then worked for by parallel, middle latitude, or Mercator’s sail- 
ing, according to the case; or, a ruler being laid on the chart over 

place of departure, and the point in question shews the course, 

941. When the wind is foul, reference will be made to No. 299; 
but, in the case of a prevailing foul wind, the proper line of proceeding 
will be indicated in the Sailing Directions. 

A steam-vessel will generally preserve her course wdthoiit regard 
to the wind, except in long passages. 


* The Sailincj Directions contain descriptions of ports and anchorages, with accounts of 
the winds, currents, and titles, for various coasts and seas. Besides thtse and other parti- 
culars, necessary for navigation alone, works of this kind contain well-selected passages from 
>oyages and travels, by which the reader may obtain clear ideas of the physical aspect of the 
shores, climate, and natural phenomena of most parts of the world, and derive considerable 
intormatiori respecting the manners and customs of the inhabitants, the productions, and 
articles of merchandise. 
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1. Shaping the Course in a Current, 

942. Wlien the wliole or any part of the voyage lies tlirougli a 
current, having everywhere the same direction and velocity, it i^ 
proper to shape that course which sliall keep the port on tlie same 
bearing (INfo. 294), because the ship will thus cross the current in the 
shortest possible time. But if the current be different in different 
parts of the voyage, this rule does not hold good. This point cannot 
be pursued further in this volume. 

When the current, setting the sliip away from her port, is so 
strong, or the wind so light, that the ship cannot preserve the 
bearing of the ])ort unaltered, she will bo kept so that the course 
made good shall not be more than eight points from the bearing of 
the port; because, though she cannot thus near the port till circuni' 
stances change, yet she will not increase her distance from it, as 
would result from shaping any other course. 

The application of all such rules must, accordingly, depend upon 
the circumstances of the case. 

943. When the ship, having a foul wind, is in a current of which 
the direction and rate are known, she should be kept as much as 
])ossible on that tack on which the current tends most to drift her to 
windward, or is least unfavourable in drilling her to leeward. 

For example. Suppose the course to be steered is S.W., the wind S.S.W., the current 
S.S.E., 2 knots. Then, on the larboard tack, lying west, and going, suppose, 6 knots, she 
will make good S. W. 5*5 miles. No. 202. On the starb. tack, lying S.E. and going 6 
knots, she will make good S. 39° E., 8 knots. The distance made good in the direction oj 
the port when her head is S E. is o'8 miles per hour, No. 285; when lying west, this quaiility 
is 5 miles. 

In this case the current tends to drift the ship to windward on both tucks; but the larboard 
tack is the most favourable. 


2. Shapina the Course on a. Great Circie. 

944. When the siii} on the arc of a great circle, the distance 
traversed in passing between any two points in her track is (as ob- 
served in Nos. 336, &:c.) less than if she bad sailed on a rhumb-line. 
A distinction of greater importance between tliese two tracks is, 
liovvever, that every point of the great circle lies in a higher latitude 
than any point, having the same longitude, on the rhumb-liue. 
Thus, if two ships sail from St. Helena to C. Horn, the one upon 
the great circle, and the other on tlie rlmu)b-linp, altering their 
longitude by the same quantity, the ship on the circle will be 430 
miles to the southward of the other, when the two vessels are most 
widely separated ; that is, when the vessel on the circle is at tlitf 
point of inaxiimiin soj)aration in latitude (No. 345). Now the differ- 
ence of distance is only 76 miles in 3740 (No. 337, Ex. 1); whereas 
the difference of 430 miles in latitude may place the vessels in 
different winds. 

945. A course taken anywhere between the great circle and 
the rhumb-line will always be attended with at least some saving of 
distance. 
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Thus any course between A 13 and A T (the tangent of tl e circle 
at A, and shewing its direction at that point) gives a distance less 
than A B. Again, since tlie circle is the minim iini distance between 
A and 13, on tlie surface of the globe, we may take a series of trac-ks 
between A and B on the o\\\cy or jjolar side of the circle, increa'^ing 
in length as they lie further from it, till we come to the dotted line 
which represents a curve equal in Innjth to the rhumb. Hence a 
ship sailing anywhere between AB and AU (the tang, which shews 
the direction of the dotted curve at A), — that is, through a s})ace 
nearly twice as great as that between the rhumb and the circle, — 
will still have less distance to describe than that on the rhumb-line. 
On this principle a partially foul wind may often be turned into a 
fair one. 

Thus, in the voyage alluded to above, the vessel on the circle, 
instead of passing 430 miles to the southward of the track on the 
rluimb-line, may pass at nearly tins distance to the southward of tlie 
great circle, or between 800 and 900 miles to the southward of the 
rhmnb-line; and yet, after all, she may make good a distance less 
than that on the rhumb-line, while the great difference of latitude 
may enable her to avail herself, for part of the voyage at least, of 
winds proper to regions far removed from those crossed by the 
rhumb-line, 

946. When it is proposed to sail on a great circle the course is 
shaped with reference to the present place of the shi]) ; and, there- 
fore, when she is found to have got off the original line laid down, 
the course should, strictly speaking, be shaped anew. Bur, in prac- 
tice, this will raiady be necessary, since moderate deviations from the 
course will not sensibly alter the bearing of a distant port, that is, the 
same course will serve as before. 

947. In great circle sailing with a foul wind the ship will be put 
upon that tack in which slie lays nearest the circle. The rule for 
windward sailing, wdiich directs that she should be put on that tack 
in which she looks best up for her port (No. 299), is, therefore, 
strictly applicable. Indeed, it is only on laying down the great circle, 
which alone shews ^he real direction of the port, that it can be de- 
cided whether the wind is foul or not for a distant port. 

If the rhumb-line differs more than two points from the circle, it 
is evident that, by shaping the course on the rhumb-line and then 
laying the ship on the wrong tack, she will head more than eight 
points away from the true direction of the port, while on the other 
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tack she would lie within less than four points of the course. Thus 
a seaman not acquainted with the principles of ^reat circle sailing 
may cause his ship to recede from her port instead of nearing it. 

948. If the wind, when contrary, is in the direction of the great 
circle, one tack is as good as the other, and the selection must de- 
pend on the current, probable change of wind, or other circum- 
stances. The ship should not, however, deviate from the circle so 
far as to have to shape a new course, for if she has much deviated 
from that line which was the shortest possible, she must have altered 
ner position for tlie worse. 

949. When the course Is to be shaped on a great circle, a know- 
ledge of the point of maximum separation, or of the place of the 
vertex, when there is one (No. 343), affords a sufficiently precise 
idea of the latitudes to be passed through. 

950. In navigating the ship on a great circle, in high hits., the 
course should be shaped anew at each GO or 80 miles of distance. 

The place of the ship is necessarily brought up by middle latitude 
or Mercator’s sailing. 

3. Heduction of the True Course to the Course by Compass. 

951. When the true course to be steered is determined, it must 
be reduced to the course by compass. The magnetic variation of 
the steering compass is to be applied (No. 225); tlie result is the 
magnetic course. 

When the entire correction (No. 247) of the stecring coinpass is 
known, it is to be applied to the true course, otherwise the loc. dev. 
must be applied ; the result is the course by compass. 

952. Tlie local deviation is, usually, of most consequence in run 
ning within two or three points of E. or W. In such cases, there- 
fore, wdien the variation is not precisely known, it will be prudent, 
especially when near the land, to allow a few degrees or half a point 
on the safe side. 

953. When the compass is affected by local attraction, steering 
the opposite course will not reconduct the ship to the point from 
which she set out. For example, suppose the true magnetic course 
from a place A to another place B is N.W., and the local deviation 
is half a point on the course from either place to the other. Tlnm 
the course from A to B will be N.W. \ N.; but the course from 11 
to A will be S.E. ^ E., which differs by one point, that is, by twice 
the local deviation, from S.E. 4 S., the opposite point to N.W. 4 N.* 

* This example supposes the local deviation to be the same for opposite points, which is 
not strictly true. 

In men-of-wrar, generally, it is found that opposite courses are not steered in going up 
and down the English Channel. The difference, wliich disappears when the local attrac- 
tion is allowed for, produces an error on the safe side, as it places the ship to seaward of her 
reckoning. But in other cases the reverse may take place, as, for example, in the river St. 
Lawrence, in which the local deviation has generally the effect of leading the ship towards 
the coast to be avoid^. — Bain, p. 87. 

Capt. Johnson observed the course from the Humber to the Sleeve, on board the Superb 
Bteam-vessel, to be E.N.E., and on returning, W. b S., these courses having been adopted 
by trial. , 

Mr. Ellis, master of the royai yacht, Victoria and Albert, remarks that he had found it 
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II. Place of the Ship. 

1. Dy Dead Itechoning, 


[1.] Keeping the Dead Reckoning. 

954. Latitude J), R. The latitude by D. R. is deduced by aj>- 
plying the difference of hit. made good by the ship to the lat. by 
observation of the preceding noon. 

When the latitude was not observed at noon, but at some other 
time it is proper to note the lat. D. R. as “brought up;” because 
the lat. by D. R., vvlien employed for comparison vvitli the observ’^a- 
tion, is of course considered as referred to the beginning of the day, 
unless the contrary is expressed. 

When, however, there is no observation, the lat. by D. R. must 
be referred to the lat. 13. R. at the preceding noon. 

955. Longitude D. R. The longitude by D. R. is deduced by 
applying the difference of longitude made good to the long. D. R. of 
the preceding noon. 

The long, by D. R. is usually carried on till a new departure is 
obtained, because the observations for longitude are not so decisive 
as those for latitude; for the chronometer may alter its rate, and the 
moon’s distance from a star, or her R.A., may be much affected by a 
small error of observation. Hence, when tlie longitude by a single 
observation differs much from the account, it is not always consb 
dered safe to adopt it until it has been confirmed by another ob- 
servation.* When, hovvever, such contirmation is obtained, or two 
distances, observed at the same time on opposite sides of the moon, 
give results not differing much from each other,!' the resulting 


necessary in several steam-vessels that he had commanded, to establish a course for each 
vessel, as no two of them could be steered precisely the same course from buoy to buoy, or 
from headland to headland. 

* In vol. i. of the East India Directory, Horsburgh gives an example of the danger of 
trusting to a single chronometer for a length of time, or to a single lunar, in the case of the 
Taunton Castle, whigh got aground in the JStraits of Mozambique in 1791. A lunar 5 days 
before had agreed with the chron,, but a lunar 12 hours before differed from it It was 
naturally considered that the former lunar confirmed the chron., and that the later observation 
was erroneous ; the contrary, however, turned out to be the case. 

t Horsburgh states that he has found the mean of two lunars, observed on opposite sidc:j 
of the moon, nearly a degree in error. So strange a result would seem, however, to throw 
doubt on one of the observations. 

The Rev. G. Fisher, in the Appendix to Capt. Parry’s second voyage, p. 282, states that 
the mean of 2500 lunars observed in December differed 14’ from the mean of 2500 observed 
in March following; and that the mean of the observations made in the same summer differed 
10' from these last, or 24’ from the first. Capt. King, in his survey of Australia, notices a 
wscrcj>ancy of a similar kind, to the amount of 12', at ..he Goulburn Islands. 
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longitude should be taken as a departure fiom which to carry oa 
the D. R. 

Although it is recommended not to alter the long, by D. R. on 
slight grounds, yet it can answer no useful purpose to persevere in 
carrying it on after observations have proved it to be wrong. 


[2.] Errors of the Dead Reckoning. 

956. These are the errors of the course and distance, with then 
effects upon the hit. and long, by account. 

An error of half a point in the course is equivalent to an error 
of tV nearly. 

957. .Error of the Course. The ship, besides moving in a oath 
more or less serpentine from the action of the waves, and from im- 
perfect steerage, is driven bodiW by the wind, and often by currents 
and tides; hence the general direction of the ship’s head is a very 
imperfect index of her course by compass. Again, the course by 
comfiass is affected by the magnetic variation, wliich, as already 
remarked, varies in different ships, in different positions of the same 
ship, and in different compasses. 

958. When the sliip is working to windward with the wind at 
N. or S., the local deviation affects the course on either tack in the 
same manner, and therefore vitiates the lat. by ace. to the full 
amount of the effect, while the errors of the departure tend to com- 
pensate each other. When the wind is E. or W. the errors of D. R. 
from this cause are much smaller. 

959. When a ship tacks, the wind often seems to come round 
with her; at other times, the wind seems to favour the ship on either 
tack. These effects are often to be ?ittributed to local attraction.’*^ — 
Bain, p. 89. 

As in general the local deviation affects in the same manner the 
courses of ships steering the same voyage, it has naturally led to the 
supposed existence of particular currents where none such existed. — 
Bain, p. 89. 

960. Error of the Eisfanee. The rate of sailing varies, from time 
to time, with the strength and direction of the wind, the quantity of 
sail set, the trim of the sails, the running of the sea, and, in a slight 
degree, on the skill of the helmsman. Hence, since the log can be 
hove at intervals only, while the compass is constantly inspected, the 
distance run, unlike the course steered, is left in a great degree to 
estimation.^ 

While a vessel is steaming, her rate is, of course, less liable to 
change. 

961. The allowance to be made for the heave of the sea is doubtful. 


♦ Mr. Forbes, master of H.M.S. Vestal, found an increase of If points in the variation 
in the river St. Lawrence, when the ship's head was between N.W. and S.W., which de- 
creased gradually to 0 at N. and S. He also remarks that while beating up the river with 
the wind at W., the shijf seemed to work within 8 points ; while, in working across with the 
wind at E., she seemed to work within 14 points. The pilot observed that the compasses 
of merchant-ships were not subject to such irregularities. — Naut. Mag. 1843, p. 428. 
f By practice ""j^amen learn to estimate the rate of sailing within half a knot. 
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As regards the motion of the waves alone, it would appear that no 
«uch action takes place, and any elfect of the kind must be referred 
to the progressive motion which the water at the surface acquires 
from the action of the wind, and which affects both the vessel and 
tlie log. The existence of a surface-current accompanying a strong 
wind is established by the falling over or breaking of the tojis of the 
waves, which subsides accordingly with the wind, and disappears long 
before the swell goes down. 

962. In steam- vessels the log is found to give too much distance. 
This is accounted for thus: — The water at the surface being con- 
tinually urged astern by the jiaddle-wdieels, preserves its motion for 
some time after the vessel is past; tlie log, therefore, unless thrown 
perfectly clear of this current, is carried in the direction opposite to 
that of the vessel. On this account it is proper to heave the log from 
the paddle-boxes. 

963. In consequence of the fore and after bodies of vessels in 
general being dissimilar, the resistance of the water to the rolling 
and pitching produces unequal actions on the bottom, from which 
results a slow motion of the vessel herself in the direction of her 
length. The nature and quantity of this motion is determined by 
the form of the bottom. Most vess(*Is forge ahead, but some 
astern.* 

964. Error of the Latitude JD, R, This is composed of the errors 
of the course and distance. 

If the hit. by 33. 11. does not agree with the observation, it is 
customary, when the course since the observation is nearly N. or S., 
to attribute the error to the distance; because, in this case, any 
small variation or error in the course will not alfect the D. Lat. 
Again, wdien the course is nearly E. or W., such error is attributed 
to the course; because, in this case, a small error in the course will 
aifect the D. Lat., while a small error in the J3ist. w ill not. 

These suppositions, tlnmgh plausible, are not always true, and 
therefore are not to be implicitly adopted. 

965. An error in the latitude is the same number of nautical 
miles in all ])arts of the world. 

966. Error of the Lon ffitude D.R, This error, w hen the longitude 
is carried on by parallel or by mid. lat. sailing, is proportional nearly 
to the error of the Dep. AVhen the long, is carrieil on by Mercator s 
sailing, the error is due to an erroneous course and distanct', and 
also, in most cases, to using latitudes by observation incoiisistent 
with tlie given course. 

967. All error of a given number of minutes of longitude (') i- 
the same number of sea-milcst when the ship is near the equatoi-; 
hut in higher latitudes the same number of min. of long*, is equal to 
a SK'aller number of sea-miles. Hence precision in the longitude is 


* Capt.W. Ramsay informs me that the Black Joke, a very fast vessel which he com- 
manded on the coast of Africa, always forged astern in a calm. 

f Seamen are in the habit of calling minutes of longitude miles , but a mile is a measiiro 
of irvariable length, w’hile a min. of long, is different in different latitudes . the practice, 
should not be followed. 
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of less consequence to the safety of the ship in high than in low 
latitudes. 

For the same reason the long, by D. R. will in general be kept 
more correctly in low than in high latitudes. 

968. As regards the probable amount of the errors of the ship’s 
piaoc in latitude and longitude, it may be supposed that the error of 
the course will rarely amount to a point, and that the distance will 
not be ill error more than of itself.* Such estimations, however, 
must depend entirely on circumstances. 

The error, on the whole, will be that due to the sum or the 
difference of these errors; more frequently, however, to their differ- 
ence, since experience establishes that, when several observations 
are taken together, their errors tend to compensate each other. 

969. Under the head “ D. R.” is included the determination of 
the ship's place by bearing and distance of the land. When a point 
of land bears N. or S., the diff. hit. of the point and the ship is the 
distance ; and consequently the error of the lat. is exactly equal to 
that of the distance, while a point or two of error in the bearing 
produces but small error in the lat. 

On the other hand, if the place bears E. or W., the ship’s lat. is 
that of the point itself, and an error in the bearing produces in the 
lat. an error proportional to her distance. 

This applies to longitude by reading, in the above, long, for lat., 
and intercliaiiging N. and S. with E. and W. 

[3.] Variation of the Time at Sea. 

970. When the ship sails to the eastward, she meets the sun, 
and therefore anticipates the hour of the .day by a portion of time 
equal to the diff’. long, she makes good. In sailing to the westward, 
the contrary takes place, lienee in sailing eastward the ap|)arent 
day is always less than 24 hours, and in sailing w'estward gi*eater 
than 24 hours, by the diff. long, made good, in time. 

Thus a ship, iu sailing round the world to the eastward, gains a 
day ill her reckoning of time; for each day in wliich her head is to 
the eastward is less than the common day of 24 hours by the diff 
long, made good; and this goes on till the diff. long, has accu- 
mulated to 360^, or 24 hours. Hence, on completing the voyage 
(but without any relation to the time of performing it), the ship, by 
constantly gaining on the next day, is found to have completely 
anticipated it; so that, instead of finding it Wednesday, for instance, 
among the natives, it appears by her journal to be Thursday, li^ 
sailing round the world westwards, the ship in like manner loses a 
day. 

In these cases the voyage is performed in days of a different 

- - — — — 

♦ Rennell (“Investigation of the Currents of the Atlantic/' p. 70 — London, 1832) 
quotes Flinders's opinion that the reckoning may be kept within 5 miles of distance, 
ualf a point in the course. 



PLACE OP THE SHIP. 337 

length from the average of 24 hours, and the whole period is made 
up of a different number of days.^ 

971. This alteration of the date in the journals of slops crossing 
the Pacific is often attended with considerable embarrassment to the 
reader, especially if be does not bear in mind the direction of the 
ship’s route. In order to ])rovide against this ambiguity, the navi- 
gator should insert the Oreenwicb J)ate at full length, in every case 
ill whi(ih a reference to tlui absolute time may be recpiiri'd-h 

972. The variation of time, or the irn'gularity in the length of 
the day, falls on the hour or hall-hour ])receding noon, the last glass 
or two not being turned. When there is no observation for some 
days, the time is thus liable to be considerably in error. 

This uncertainty in the al>soIut(! time causes no difficulty in 
bringing u]) observations to noon, or to any other time, nor in con- 
necting observations made a.m. with others made r.w., because the 
courses and distances mai‘k(‘d on the log-board are those corre- 
sponding to the actual intervals elajised. 

973. It is evident, since the time at ship always has reference to 
the diff. long, made good su))se([uent to the oliservatioii for time, 
that the account of the time is more correctly ke])t in low than in 
high latitudes. (See No. 9(i7.) 

[2.] Place of the Ship hy Observation. 

974. Besides the latitiub* and longitude of the ship by observa- 
tion, we sball consider, under the above bead, tliose observations 
from which the elements necessary in the calculation of her place at 
any time arc obtained : as observations for Time, and for the Varia- 
tion of the Compass. 


[!'.] Latitude hy Observation. 

975. In vari.able climates it is often advisable to take, early in 
the forenoon, an altitude of tlie sun, to be followed by another after 
the proper change of azimuth. No. 7^9, for a double altitude, in 
case the meridian alt. is not obtained. 

If the second alt. is observed within the limits of Table 47, the 
operation is simpler, and the result more satisfactory.' If it is near 
the meridian, and the time is not very much in error, the second 
alt. alone determines the latitude by the reduction to the meridian, 
p.231. 

In either of these cases the first alt. affords the apparent lime, 
when the lat. has been ascertained. 

976. (1.) The lat. will of course be obtained, when possible, by 
the meridian altitude of the sun. The short double altitude a.m. 


* Sir James Ross remarks that in crossing the meridian of 180^ eastwards they made 
two Thursdays, and two Nov. 25ths, by which mefois their reckoning would correspond to 
that of England on their arrival. 

t Mr. Fisher, to whom I am indebted for this important suggestion, informs me that in 
f^amining some astronomical observations in these cases, he has been obliged, in order to 
Vdentify the day, to discover, from the latitude, the sun’s declination employed. 

Z 
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has the advantage of providing against the loss of this observation,* 
and it enables the navigator to determine the place of the ship 
before 12 o’clock. 

The altitude of the moon on or near the meridian (Nos. 702.^ 
703) may often be obtained during bright sunshine. Also, the 
moon’s alt., combined with that of tlie sun, alfords the lat. by double 
alt., No. 759, &c. 

Tlie planet Venus may often be observed during the day.'f' 

When the j)hui(;t is not bright enough to be distinctly visible to 
the naked eye, it may generally be found, when near the meridian, 
thus: — Coinjnite the merid. alt.. No. ()(i3 ; add to it the dip and 
refraction ; set this angle on the sextant, put in the inverting tele- 
scope, screwing it close down to the plane of the instrument : then, 
directing the sight to the N. or S. ])()int of the horizon, the planet 
should be seen in the silvered ])art of the glass.J 

977. The hit. is found at night by observations of stars on or 
near tlic meridian, No. G87. The lat. by a star at night not only is 
useful in ]»reventing the accumulation of error in the D. 11., bul also 
serves as a check on the lat. by the sun (note p. 231 .) 

The observation of stars at night is, however, a very different 
observation from other altitudes by day, and, to ensure success, the 
observer should make it a matter of syx'cial practice. 

It is, however, during the twilight that stars and planets may 
be most advantag(‘Ously observed at s(‘a, as the horizon at that time 
Is strongly marked, and, when not suiliciently so, may be rendered 
distinctly visible by the inverting telescope. In favourable cases 
such lat. may be depended uj)on with as much confidence as tliat of 
the sun. In north latitudes al)ove 20° or 30°, the pole-star may 
always be observed when the sky is clear. 

[2.] Time by Ohnervalion 

978. The Time is generally found by a single altitude (p. 260), 
early in the forenoon, when the error of the ship’s hit. produces no 
sensible error of time. It should also he found late in the afternoon. 
In certain cases it may he found by ecpial alts., No. 798, the result 
of which is apparent noon ; and also approximately by the sliort 
double altitude (p. 267), and at sunrise and sunset (p. 265). 

The time may likewise he deduced from one of the altitudes of a 


* The only ohservation disturbed by the sliip’s change of place (No. 5-1 S) is tlie rner. 
alt. Suppose, fpr ex., the ship is approaching the sun 12 knots, she raises him at the rate 
of 12'' in 1”’. Hence he continues to rise till he is so far past the merid. as to have begun, 
by his motion in altitude, to fall at this rate. In high lats. where the motion in alt. is slow, 
the interval will be considerable ; in lat. 60^ he would appear to dip about 5 min. P.M., 
and in the same case, wiih the ship receding from him, he would dip about 5 min. a.m. 
To compute this time, sec No. 622. 

f Horsburgh states that he has observed the meridian alt. of Venus, at the Cape of 
Good Hope, during bright sunshine. Capt. Basil Hall, to whom I am indebted for several 
valuable suggestions, accpiainted me that, on a voyage to Malta in H.M.S. Indus, in August 
1841, he observed tjie nier. alt. of Venus every day for a fortnight. Capt. AVickham also 
tells me that he has found the lat. by Venus, in the tropics, at 3*' in the afternoon. 

X Capt. Hall informed me that he ha<l often found the lat. in this way, both by A^enu* 
and Jupiter, when the plane.ts were altogether invisible to the nafked eye. 
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common dou])le altitude (p. 258); but tlie latitude resulting from 
this observation not being very correct in general, and more espe- 
cially when the reduction of the alts, to the same place of observation 
is large, tlie time deduced would not always })e satisfactory. 

1)79. When the sun and moon are both visible, and one of them 
is near the meridian, the lat. may be found, and also the time, which 
(Nos. 696, 757) tlius has tlie advantage of being free from the errors 
of the reckoning. In like manner the alt. of a planet might be 
taken with that of the sun at the same instant, or some time after- 
wards (No. 764). 

980. When the time is found at night by alts, of stars or of the 
moon (Nos. 782, 784), since the sea-horizon is often unfavourable 
for observation at that time, the resiilt sliould be considered as of 
inferior value; or stars should be observed on both sides of the 
meridian, in order to diminish the etfects of errors from this 
cause. 

The remarks on the observjitions of planets or stars by twil ight 
for lat. (in No. 977) apply to observations for tiiiie. Stars may often 
be obtained nearly on the i>rime vertical, and on opposite sides of 
the meridian (No. 787); and the alt. for time should always, if pos- 
sible, be accompanied with anotlier for lat., in order to avoid all 
reference to the reckoning. 

981. An approximation to tlie apparent ti)ne may be conve- 
niently obtained, during part of the six months that include the 
summer, by setting the inrlex of the sextant to the a})parent alt. of 
the sun’s lower limb deduced from the true alt. of the centre, at the 
time of passing the prime vertical, Table 29 ; the hour-angle at 
which the limb attains this alt. is then taken out from the adjacent 
column. 

982. Since tlie change of alt. of any celestial body is greatest at 
the equator and nothing at tlu; pole, the time deduced by means of 
altitudes is more correctly determined iu low than in high latitudes. 
(See Nos. 778, 779.) 

983. Advantage should be taken of favourable opportunities of 
landing at well-determined places for good observations of time, 
because the diff. long, between the places will at once discover any 
considerable change in the rate of the chronometer, and afford the 
means of correcting it. Comparatively few places indeed are as yet 
laid down with sufficient accuracy for the general practice of this 
simple and decisive method ; but, in jiroportion as the longitudes 
approach to precision, the differences of longitude will be employed 
by seamen as the means of obtaining, directly, the sea-rates or their 
chronometers, instead of waiting to obtain harbour-nltes.* 

984. Error of the Time at Sea, The time at sea, as found by a 
single altitude, can rarely be depended upon to loss than 10^ (Nos. 
^78, 779). If, therefore, the ship’s reckoning were correctly kept, 
her diff‘. long, applied to the tiim*- as found by observation on a 

* This important remark is due to Col. Sabine. “ Account of Experiments,” p. 401. 
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former occasion, would give the time at ship within about 10* of the 
truth. But as the D. 11. is always more or less in error, and as the 
error may be considered generally to increase with the time elapsed, 
the error of the time at ship may be considered as the error 

of tlie diff. long, accumulated since the observation. 

[3.] Longitude hy Observation, 

985. The longitude ])y clironometcr may be ascertained whe^i- 
ever the time is o])tained. The long, by chron. is thus the most 
efficient check on the long, by account from time to time ; but after 
a lapse of time it may be greatly in error, as the rate is liable to 
change. See JNo. 531. 

When there is no chronometer on board, the longitude by D. B. 
can be corrected only on making the laud, or by a lunar observation, 
or sometimes by speaking another vessel. 

986. When a satisfactory longitude is obtained by independent 
means, as by observation of the inooii, it should be ado])ted as a 
new departure taken at the instant of ol)servalion, instead of carrying 
it back to the ])receding noon or any other tinn* ; because this last 
process, which is attemhjd with no advantage, impairs the value of 
the observation by mixing wilh it the (*rrors of’ the run. 

987. Since the obj(,*ct of the lunar obsen-vation is to find the mean' 
time at Greenwich at the instant of observation, the simplest and 
most direct ap])licalion of tlui method is to find at once the error of 
the chronometer on G. M.T. ; because this ])rocess is not embar- 
rassed by consideration either of the time at place, or of the (diange 
of long, in the interval between the lunar ol)servation and the ob- 
servation for time. This is the practice of the most experienced 
navigators. 

988. W^hen there is no chronometer on board, the longitude 
itself must be found for tin? instant of the mean of the observed dis- 
tances. For this purpose the time at ])lacc is necessary. If, there- 
fore, either of the altitudes observed for the lunar is favourable for 
determining the hour-angle corresponding, the time may be obtained 
from it, and Ixdng compared with the G. jNI.T. found by the lunar, 
the long, is determined. No. 827. 

If neither of the altitudes is fit for the purpose, the time must be 
found as soon as possible afterwards. In this case, add the interval 
elapsed to the G. M. T. deduced by the lunar: the sum is the 
G. M.T. of the observation for time. This time, compared with 
M.T. at place, gives the longitude. 

Ex. At 3** ii*" 26* by watch, obtained a lunar, which gave G. M. T. 2** 14™ 32*. At 
3** 56'“ 1 8* by watch, obtained an observation for time. Find G. M. T. at this second 
observation. 


T. by watch, of lunar 3*> ii*"26» 

Ditto of obs. for time 3 56 18 
Interval 44 52 


G. M. T. of lunar 
G. M. T. at 2d obs. 


2** 14"’ 32* 
44 

2 59 24 


989. In the Arctic regions, in summer, the presence of the sun 
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It night prevents the stars from being seen : also frequent fogs 
)bscure the moon. Hence the lunar observation is much less avail- 
ible there than in other climates, and the chronometer in conse- 
pience more valuable.* 

990. The number of observations, either for latitude or longitude, 
kvbieb it may be proper to take for determining tlie sbij/s place, 
:)bvi()nsly depends on the distance of the land and on the state of 
be weather. For example, in making a ])assage with a trade- ^^ind, 

X mneii less degree of att(;ntion will be necessary than in unsettled 
iveatlier, when the 1). li. cannot be ke])t with e(pial correctness, 
3r than when the ship is in the neigbbourhood of the land or a 
Janger.f 

It is always advisable, when any observation is taken, to obtain 
either at the same time or as soon as ])ossible afterwards, another ot 
such a kind that the same error may produce ditterent effects on the 
result; whereby the two results being in error opposite ways, their 
in(‘an will be preferable to either separately. The kind of observa- 
tion ])ro])er for this purpose, in any case, has been generally noticed 
in the Deyree of DepcAuhince, See T^o. 999. 

When the observation consists of one or more alts., the errors of 
observation may often be rcunoved at sea by observing also the sup- 
plement of the alt. It is, however, proper to remark, that when the 
supplement is observed by an ordinary sextant or circle, it is, in con- 
scfpience of its grc'ater magnitude, much more affected by the error 
of parallelism (Table 54), when this is considerable, than the alt.' 
itself. 

[4.] Observations for the Variation* 

991. Tlie Variation should be frerpiently observed, not only 
because it changes more or le.ss witli tlie place of the ship, but also 
with the direction of b('r licad. In sailing vessels wlien the head is 
N. or 1;^., the local deviation is usually so small, that the variation 
observed in that case may be taken as the corr(H*t magnetic varia- 
tion ; but when tin? In^id is in any other direction, the observed 
variation is mixed with local deviation (T^o. 247, }).75), and is there- 
fore not the coi'rect mayuetlv. variation for any course, but is the 
proper correction (No. 247) for that course only, for the particular 
comj)ass used, and for the particular spot it stands in. See also 
Nos. 239, 240, p. 72.{ 

AVhen the local deviation is large, the variation may be sensibly 
different on diffei*ent tacks, and should be observed on both. tacks. 

992. \\ ben both the course and the wind remain constant, the 
varwtion as observed at any time is ])recisely suited to the circiim- 

* “All Account of the Arctic Regions/’ &c., by \V. Simesby, jun. 2 vols. Edin- 
burgh, 1820. 

t Rennell remarks that the facilities afforded in these days for finding longitude may 
tend to diminish the ntM!essary attention to the reckoning, on the ground that the next 
day’s observations will set all right. P. 79. 

+ See note, p. 70, in which the seaman is recommended to employ the variation as 
observed under the circumstances, instead of embarrassing himself with the local deviation 
separately. 
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stances ; and hence ships in such cases are enabled to keep good 
reckonings without even susy)ecting the existence of local deviation. 

993. The amplitudes of briglit stars and planets may often b# 
well observed, especially about tvviligdit, when the horizon is strongly 
defined. The observation is most convenient at setting, becanse a 
star may be followed to the place of its final disapj)earance below 
the horizon ; but it is not always easy to identify a star at rising. 

994. When the variation cannot l)e observed, tlie last found 
variation must be carried on. It will be c;isy, in such cases, when 
the variation has been constantly observed, to allow by estimation 
the proper variation under the circumstances., it least within 2® or 3®^ 
until an observation can be obtained. 

By m6derate care the errors of the course due to the compass 
alone may thus be easily confined to a rpiarter of a point. 

995. As bearings taken in dilfercuit parts of the ship may differ 
considerably, and as the compasses themselves do not always agree 
in the amount of magnetic variation, it is manifestly iieces-ary, 
before precision can be attained, to reduce all observations in which 
the compass is concerned to some one in particular as the standard. 
If a standard compass is not fitted (No. 258, ]). 80), the starboard- 
steering com})ass (when there are two) might be considered as the 
standard, provided it is a good instrument of its kind. 

To reduce a bearing taken by a com])ass to that shewn by the 
standard, it is merely necciisary to observe how the ship’s head is by 
both compasses. 

Ex. By the nzimuth compass a peak bears N. 47® E. and the ship’s head is S. i°W., 
toy the standard her head is S. 2" E. ; find the bearing of the peak as it would be shewn 
oy the standard. 

The standard is to the Irft of the azinnitii ; allowing, therefore, 3° to the left of N., 
47° E. gives N. 44 ' E., the retpiiied bearing. 

996. No number of observations, however great, affords the 
means of se])arating, with certainty, the obsei'ved variation into its 
two components, namely, the correct magnetic variation and the 
local deviation. Therefore, when these two are required separately 
and with accuracy, the variation of the particular compass must be 
determined out of the sliip. See Nos. 246, 251. 

Combination of Results. 

997. As all observations are lia]>Ie to errors, and as given errors 
of observation produce diH’erent effects aecorditig to the case, the 
results of different observations do not generally agree. 

In some cases the same errors of obscu-vation will cause all the 
results obtained under the same eireiunstances to be in error the 
sa!nc way, instances of which occur in Nos. 702, 868. In other cases, 
the effects of errors will tend to compensate. 

998. In general, when tlie partienlar errors witli which the 
observation is affeefed are not known, the mean of the several results 
is employed, or the sum of the results divided by the number of 
observations. 
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Since one of two results may be nearly or exactly true, and since 
It will rarely happen that one is pre?cisely as much too great as the 
other is too small, the mean of two results will generally be merely 
less in error than the worst. 

999. In taking the result of observations affected by the same 
constant error, care must he taken not to mix those of opjiosite kinds, 
as N. and S., or E. and W., but to take the mean of the two differ- 
ent results. For Ex.: Supjiose the hit. is 1®28' by each of two stars 
N. of tlie zenith, and the instrument lias a constant error of 1', 
then the hit. by one star S. will be 1® 2G', and the true hit., 1°27', 
is the mean of 1® 28' and 1® 2(i'. But the mean of the three results, 
taken ])roiniscuously, or one-third of 1° 28', 1®28', and 1°26', is 
1®27'20", which is not right. 

The same would be true, however great the number of observa- 
tions on one side, or however small on the oth(‘r ; and hence it is 
always proper to make this separation, which is also a means of 
detecting a constant error. For instance, if the moon’s semidiameter 
in the Naut. Aim. is errom*ous, the result of lunar observations of 
one limb will diHer from that of observations of tbe other limb; and 
the m(‘an of the two results, not of the whole indiscriminately, will 
afford tile true longitude. 

1000. When tlie error of observation is given, the amount of the 
error of the result may be coiujiuIcmI. Exa.mples of this have 
already been given in most of the rules for ihii Decree of Drpendance, 
Again, the effect of a constant though unknown error of observa- 
tion may sometimes be remo\(*(l, as in No. 801, where the same error 
in each distance produces more or h‘ss error in long., exactly in 
proportion as the moon’s motion in respect to each star is less or 
greatei*. 

1001. When some of the several rcsidts of dilferent observations 
are knowni from circumstances to be better than othin-s, it is proper 
to give to the superior results a. greater weight or influence in the 
general determination. Idiis is effected by writing them dow n oftencr 
than the otlun*s, and dividing the sum liy the number of results thus 
augmented. For example, suppose* a dilf. long, by a chronometer A 
is f’ ll"M8% and by anoth(*r, B, it is I'M 1'" 20^; and supjiose the 
result of A is esrimated from its sujierior ])erformance, or other 
circumstances, as half as goo I again as that of B, that is, of sujierior 
value in the ratio of 3 to 2; then, wn-iting down 18^ three times, and 
23' twice, and dividing by tbe sum of 3 and 2, or 5, gives 2(F, or the 
estimated result, 1'' 1 2b*. 

The ])refereiiee of any oiu? result to anotlu'r under the same or 
different cireumstancc’s, or the (h'gri’e in which one may be su]>])osed 
superior to another, must lx* h*ft to that judgment or tact which is 
the result of experience and constant att(*ntion to a jiarticiilar sub- 
ject, as it is obviously imjiossihle to lay down rides of certain ajipli- 
cation for such questions. 

1002. Though it usually happens that the mean of several obser- 
vations is near the truth, yet, as this is not certain, we must not 
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hastily assume that the mean of even a very considerable number is 
a definite determination.* 

It is proper to bear in mind that the chronometers, when tlicy 
ag'ree, are either all right or all wrong; but that when they disagree, 
some of them must be wrong."|- See No. 53.1. 

1003. We sliall here remark, also, that every determination 
whatever is liable to tin? susj)icion of having been influenced by the 
premature adoption of an a])]>roximate mean. Forex.: an observer 
collects 6 or 8 obsc'rvations ; 2 or 3 of these dilh'r widely from the 
rest, and they are rejcct(Ml forthwith. Succeeding observations are 
compared with the mean, ai’d admitted or rejected accordingly. 
Now these outlying o])servations may haj)])cn to be as good as the 
others, if not belter; l)ut by this partial su})pression of evidence the 
question is ])rejudged, and tlie increasing number of observations 
only tends to fix the erroneous determination more firmly. 

3. Lay in (j off the Shijis Place on the Chart. 

[1.] Position in Latitude and Longitude. 

1004. As the account of the ship’s place is closed at noon, the 
ship is })ricked olf at that time; also at 8 p.m., when the course is 
shaped for tlie niglit. 

The shij)’s place is laid down by observations, when these can be 
obtained ; in other cases it depends upon the D. R., or frequently 
upon both. 

1005. It is the practice of some seamen, besides taking the ship’s 
place by obs., to mark also her place, as brought up by 14. 11., from 
her former position by observation ; a line joining these two points 
stands thus as a leg apart from the ship’s track. When the ship 
stands nearly on the same course, and carri(^s tlu^ same wind for 
some time, tills method has the advantage of ('xhibiting any constant 
"^liect iproduced liy a current, or by local deviation, or arising from 
not making a j)rop('r allowance foi' h*e-way. 

100(1. Since llie determination of laliliuhi is absolute and indc- 
jiendent (No. G80), th(‘ lat. of the ship should be marked whenever a 
satislactory obs(;rvation is obtained. 

1007. The longitude, when d(*termined by chron., should be 
marked on tin? chart for the time at which tin? observation is taken, 
because thu.s it is unmixed with the errors of tin? run. 

It may be jiriideiit, when there is but one chronometer on board, 
and when observations of tbe moon are not jiractised, to assign a 

* Capt. Fitzroy’s chroiionu'tric measures, the results of 20 or 2.) chronomet.’rs, amounted, 
when added tojj;ether, to 21'' O'" 36", or 30'* more than the entire cireumference. Tliis seemed 
to be consi<lered, at the time, as a somewliat curious cireumstance ; but it is evident that 
some excess or defect wa.s to be looked for, since nothing but accidental cornjjensation 
of errors could produce, out of a number of discordant elements, the precise quantity 
21'' O'" O’. . . / 

f Aflm Re- ehey acfpininted me that on one oeca'^ion all liis ehronf)metcrs agreed within 1 
being nearly .30' m error, «nd that the smglc chronometer of the Stalling, the tender, was 
right. As iht* large inajoiit^ was consiuered conclusive, tlie error was near leading to 
fccrious conseijneuee'. 
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second track to . the long, by D. R. alone, in the intervals of making 
the land. 

1008. As a tolerably good watch alters its rate but little from 
day to day, the sliip’s track, as laid down by chronometer, repre- 
sents truly the relative posititms of the ship at different times, and 
therefore exhibits the fujiire of Iier track for a few days toge- 
ther, very nearly; while its absolute position in longitude may, at 
the same time, be erroneous, if the error on G.M.T. is not well 
known. 

On the other hand, since the longitude by lunar, though of 
undoubted value, is not susce])tible of much numerical precision; 
the difference of two longitud(‘s by lunar, S(‘parated by an interval 
of time, will not, in g(?ncral, agree with the diff‘. long, as measured 
by a chronometer. Hence the track of a shij), as laid down by 
lunars, would cxliibit violent irregulariticjs of ligure, while its abso- 
lute position in longitude would not be very far from the mean of all 
the lunar determinations. 

Accordingly, when tlie long, by chronometer is proved by lunar 
observations to be much in error, and it is required to correct the 
])(>silion of the shi[)’s track, it will be proper to take a mean position 
among the several j)ositions by lunar, and the hit. at the last lunar, 
d'liis point being assumed as a departure, the track for the time 
previous may be adjusted. 

[2.] Position on a Line of Bearing.^ 

1000. Wlien the hit. by acc. is uncertain, the resulting long, by 
chron. is uncertain in a corn^iponding degree; but this long., far 
from being valueless, is capable of an important aj)plicatioiJ, espe- 
c/ially when the shi[> is lu'ar the land. 

^u})pose a second lat. by acc. lU'ar the fii’st, as, for ex., 10' 
greater, a second long, by chron. will he found (M)rres»)onding ; in 
like manner we may su])])os(‘ a third lat., with its corresponding 
long., and so on. Now these positions are those |a)ints in dilferent 
huilii(h‘s at wdiicli tin* sooic alt. is oh.^-c'rved, and constitute the curve 
or circle of rgiod oltlindc, sijice the obscu’Yer, moving over the globe 
so as to keej) the snn always at tlie same alt., would move on a 
circle, the jjole of wliicli is that point wlnu’c the sun is vertical. 

Tlie'^ small portion of this curve passing through tw’o positions 
near togetlnu’ would appear, on the chart, a straight lino ; and thus, 
d this line (being proibiccd) ])asses through a ])oint of land or otlu'r 
object, the bcarlii;/ of sindi object is known, though the ship’s place 
on tlio line of its direction is not known. 

11)10. The ])i‘Oc(*ss of tinding the line of equal alt. consists thus in 


* Or “ SnmTKT’.o; IVIiittiod” — “ A Ni'w and Arnuratc Metliod of lindiiijj a Ship's Position 
at Sra,'’ ])y Capt. Thos. }{. Sumner. Boston, 1843. 

In 1813, Commander Sullivan, R.N., not having heard of tliis work, found the line of 
Pipial alt. on entering the River Plate, and identifying tlie ship’s place on it, in 12 fathoms, 
hy means of the chart, shaj)ed his course up the river. The idea may thus have suggested 
ttMdf to others; but the credit of having redmed it to a method, and made it public, belongs 
*0 Capt. Sumner. 
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assuming two lats. by acc., finding the long, by chron. corresponding 
to each, laying off these two positions on the chart, and joining them 
oy a straight line. 

^Ex. Dec. 17th, 1837, at 10’' a.m., lat. by arc. 51° 37' N., true alt. of the sun's centre 
12° 10', the chronometer shewed io*‘ 47"' 13“. The red. decl. is 23^ 23' S., equation of time 
3 "* 37 *. 

The first hour-angle computed with lat. 51° is i*' 43'" 59", which gives long, by chron. 
8° 42}' W. The second hour-angle computed with lat. 52'^ is i*' 28"* 28", which gives long. 
4'"49y.W. 

A line drawn through these positions, viz. A in lat. 51°, long. 8*^ 42^, and B in lat. 52°, 
long. 4° 49^', lying E.N.E. and W.S.W., true, is that on some point of which the ship is 
placed, and passes through SmaH’s light, thereby shewing the bearing of the light, wherever 
the ship may be, within the given limits of latitude. 



The lighthouse was made in the course of an hour, and the true place of the ship found 
to be at C ; the latitude by account was thus ascertained to liave been in error 8^ 

1011. When tlie coast, trends parallel to the line of equal alt., 
tlie distance of the shij) from tlie shore is ascertained, tliongli her 
absolute position is uncertain. When the observation is near noon, 
the line of equal alt. lies nearly E. and W., and the bearing of land 
in this direction is ascertained, as is otherwise evident; but when 
the sun is near E. or W., the lino of equal alt. lies nearly N. and S., 
and the position of the ship dej)eiids altogetlier on the clironoineter. 

1012. Since the direction of the .sun is 8 pts., or 1)0° from every 
])oi!it of the circle of ecpnil alt., a line drawn perpendicular to the 
line of equal alt. on the chart shews the direction of the sun, and 
therefore his true azimuth.* 

lOKl. A second observation, of the same body, or different bodies, 
gives a second line of ecjual Jilt., and the intersection of the two lines 
gives the position of tlie ship, which may thus l)e obtained by projec- 
tion, without the computation of a double altitude. The intersection 
is most distinctly marked when the lines cross nearly at right angles, 
according to the precept No. 741) (2), which directs that the dilf. of 
bearing should be near 90°. 

The resulting latitude is independent of the error of the watch, 
which may be assiiuied at convenience, so as to throw the projection 
within the limits of the chart enijdoyed. 

When the ship changes her place, the second observation i.s 
reduced by carrying tlie line projected (moving it parallel to itself) 
along tlie course ami dist. made good by the ship. 

* Hence the line of equal alt. may itself be expeditiously drawn, by means of the asim 
No. 676 , p. 224 ; No. 752 , p. 246 . 
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1014. As the sun rises and sets to half the globe, the circle of 
equal altitude at rising and setting is the entire circumference. On 
the other hand, when he is in the zenith, this circle is reduced to a 
mere point, or, for opposite points of the sun’s disc, covers 32 sea- 
miles. When the alt. is 80° 60', the radius of this circle is 10', or its 
extent is 20 miles; when the alt. is 50°, the radius is 40°, or the 
extent 80°. Thus when the sun is low this circle is large, the small 
portion of it comprised between two assumed lats. very nearly a 
straight line, and the sun’s aziin. the same from both ends ; but 
when he is high the circle is small, a small portion of it may be 
much curved, and the direction of the two extremities very different; 
that is, the bearing of the land, and the sun’s azimuth, may be sen- 
sibly different from different parts of the same portion. An error 
in the assumed lat. has therefore most effect when the alt. is high, 
and least when it is low, which last is consequently always the pre- 
ferable case. 

The value of the method depends entirely on the lat. assumed 
being near the truth. 

As the change of 1 mile in the observer’s place changes the alt. 
1', the effect of an error of alt. is shewn by moving the line parallel 
to itself’ through the same amount. 

An error in the chronometer places the line of equal alt. too far 
E. or too far bodily, but does not alter its direction. 


III. Determining the Current. 

1015. The direction and rate of the current are found from the 
change of place of the ship, or from experiment. 

In No, 297 examples are given of finding the current by the 
coni])arisor. jf the ])lace of the ship by J). H. with that by observa- 
tion, and also by rcd’erence to the land. In conse([ucnce, however, 
of the unavoidable errors of the reckoning, such determinations must 
be far from conclusive ; and there is no doubt that currents are 
often assumed to account for discrepancies between the 13. 11. and 
observation. The only deciMve method is, evidently, to determine 
astronomically the place of a floating body, or substance not exposed 
to the action of the wind, at intervals of time. 

When the vessel is at anchor, the current may be ascertained by 
the log. The local deviation must be corrected, if considerable. 

I(il6. As currents arc considered to ])revail for a very small 
portion of the de})th of the ocean, it has been n'commended to sink a 
weight to a considerabh; dejith to s(?rve as an anchor for a boat, from 
which the current at the surface is determined by the compass and 
the log. 

This method however can, obviously, discover only the difference 
between the current at the surface, and that at the depth to whicli 
the weight is lowered 
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IV- Revolving Storms. 


1017. Attention has ])cen of late years directed to the considera- 
tion of tliose viol(?nt storms which occur at certain periods of the 
year in low latitudes, and arc called Hurricanes in the West Indies, 
Indian Ocean, and otlier places, and Typhoons in tlie China Sea.* 

The examinations of the loi^s of ships that have encountered 
these tempests, and of the accounts received from ])hices exposed to 
them, have estahlished two facts, — I, that the wind revolves round 
an axis with <»?-cat rapidify; and, 2, that while thus revolving the 
storm is carried, at its first formation, bodily to the westward, 
northerly in N. hit., and southerly in S. lat. ; after which it some- 
times retnrrjs to the eastward. 

1018. The ilirection of the revolution is, in N. lat., against the 
hands of the watch ; in S. lat. with them, thus: — 


Pig. l.f N. Lat. 



Equator 



1019. The curve described by tlie wind round the foc?is or centre 
is of a spiral kind, as is e\hihitc<l by whirlwinds ; but for jiractical 
jinrposes we may snpj^ose each small portion of it to be part of a 
cir(d(i whose centre is the focus. Hence, as th(» circl(3 or its tangent 
is ])erp(*ii(liciiliir to the radius (No. 138), the focus is 90®, or 8 pis., 
from the direction of the wind. 

Ill N. lat. the revolving wind is always turning to the left, that 
is, if the wind is N.W., it will pi'esently he N.W. b. VV^. ; hence if 
the observer stands with his back to the wind, the focus will be 8 pis. 
on his left hand. 

In S. hit., on the contrary, the wind is always turning to the 
rhjlit, and the focus is to tin* rhjht of the spectator with his back to 
the wind. ^Set* also No. 1023. 

1020. Direction and Rale of Progress, (1.) As the storm ad- 
vances to the westward, it is (hdlected more and more from the 
equator, and is sometimes found, in lats, above 20® or 25® N. or S., 
to turn to the eastwaid. 

The West Indian hurricanes appear to commence about 65® W.. 
some, proceeding ^to the N. N.W. ward, preserve their direction till 


* “ .4 Vtcmpt to clevelope the Law of Storms,” 1st ed. 1833, 2d ed. 1841. 
t To recv'Ilect these figs., observe that fig. 1 is drawn like a 6 ; fig. 2 is a 6 reversed, or 
its fig. ow the back of the paper, both beginning at the top. 
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they disappear, passing over the Gulf of Mexico; \vhile others 
move more northerly, involving the American coast, Bermuda, and 
the Azores. The northernmost case recorded is 48® N., near New- 
foundland. 

In the Bay of Bengal they mostly proceed from between E. and 
S. In the Indian Ocean they appear to form in about 10® S., to the 
westward of Java, whence t]n?y ])roceed W.S.W.ward to 28° or 
30®S., on to the coast of Africa,'^' taking often a more southerly 
course about Vrauritiiis, after which they sometimes ]nove E.S.E.- 
wards. Tlie soutliernmost cases recorded are 37® S., in long. 
9® E., and also in 72® E. On the N.W. coast of Australia storms 
have moved from N.E. to S.W. In the Cliina. Sea the typhoons 
proceed from hetwetm N.E. and S.S.E. None are met with between 
9° N. and 3® S. In the North Pacific*, from Ja])an to the Ladrones 
or Marianas, they move from b(‘1u een N.E. and S.E. 

(2.) The rate at which the storms travel appears to be different 
in different seas, and also to depend upon the age or })eriod of the 
progress. 

The West Indian and North American hurricanes are stated to 
move from 9 to 43 miles an hour ; tho^cj in the Bay of Bengal from 
2 to 39, or more usually 3 to 15 miles an hour; in the China Sea 
from 7 to 24. In the Indian Ocean the storm moves more rapidly 
at first, and then steadily about 200 miles a-day, decreasing about 
20® S., and ceasing with the limits of the Trades. 

1021. The changes of wind experienced by a ship are explained 
thus : — 

(1.) In N. lat., the storm moving ^yi>stwar^ls, The ship at A is 
taken by the S.W. edge of the storm w hen the w ind is N.W., at 
arrow No. 1, fig. No. 1018. As the storm passes over her to the 
westward, the result is the same as if she passed under it to the 
eastward, and she finds the w ind W.N.^V., as at arrow No. 2. After 
passing througli w^esC it blows from at 3, and leaves her 

blowing S.W., at 4. 

If the ship is taken by the N.W. edge, as at B, the wind first 
encountered is about N.E, and after veering through east, E. b. S., 
&c., it leaves her about S.E. 

If tlie storm is moving bodily to the 
soKihward also, the wind, after coming 
on at A, at N.W.,will veer as above, 
and leave her at a point further to the 
soutliward, or to the left of S.W., as 
a])out S.8. W., at A', the line A A' be- 
ing parallel to the central line, shewing 
the motion of the whole to the W.S.VVC 
If the wind take her at B, at N.E., it 
will leave lier at B', about E.S E., or 
to the left of S.E. 

* “ An Inquiry into the Nature and Course of Storms in the Indian Ocean, South of 
the Equator,'' by Alex. Thom. London, 184.5, p. 201. This work contains extracts from 
the logs of fifteen ships which suffered in the Rodriguez hurricane of April 1843. 
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If the whole moves bodily to the northward, the wind will leave 
ilie ship further to the ri(jht than if its course was due W.* 

The storm moving Eastwards. If the ship is at the South posi- 
tion, as at A', slie will first ex])erieiice the wind from the S.W. 
quarter, and if she is at the Northern position, from the S.li]l. 
quarter. Tlie readcu’ will easily supply a figure like tliat above, 
changing the head of the central arrow to the right, and laying 
it N.E.ward or S.E.ward, according as he wishes to consider the 
storm. 

(2.) In S. lat. The ship at A, fig. 2, No. 1018, is taken by the 
S.W. edge of the storm when the vviud is blowing from tlie S.E. 
quarter. If she is at the Northern portion, as at 13, the wind will 
come from the 8.\V. quarter. 

The fig. above is adapted to the opposite motion of the wind by 
simply reversing the position of the curved arrows, and the reader 
will easily sii])ply tlie other varieties of this case corresponding to 
those in N. latitude. 

1022. If the ship is directly in the ])ath of the storm, or on the 
long arrow, it appears, on inspecting the figures, that the wind re- 
mains unchanged in direction (because this line crosses, as a diameter, 
all the circles at right anghs, No. 138), until the focus passes over 
her, when it suddenly blows from the op])Osite point. This accounts 
for the sudden shift of wind to the oj)posite point, after the lull or 
calm which usually, but not always, ]n'evails at the centre. 

Hence the constancy of the wind to the same point would shew 
that the ship is in the ])ath of the focus, while the gradual veering 
proves she is on one side of it. 

1023. The wind experienced by the observer is the combined 
effect (or resultant) of two motions of the air, — 1, the revolving 
motion, which is different at different points, and 2, the progressive 
motion, which is the same for all points. Tlius if the wind, at the 
ship’s place, is carried, in its revolution, S.S.W. 60 miles an hour, 
and, by the general movement, or translation, W. b. S. 22 miles an 
hour, the wind experienced on board will be S.W. by S. 75 miles 
an hour (by traverse sailing). The knowledge of this result, how- 
ever accurately measured, can be of no service in ascertaining the 
real course of the storm, since the velocity of revolution cannot he 
known. The velocity of revolution so much exceeds, in general, that 
of progression, that it is not worth while to bestow much attention 
on the difference between the two ap])arent directions of the wind ; 
besides which, the irregularities of a violent tempest will mask minor 


* In the cover of the “ Sailors’ Horn-Rook for the Law of Storms,” &c. by 11. Pid- 
dington, London, 1848, are two hurricane ■‘Cards^ one for each lat. N. and S., engraved with 
concentric circles like this figure, shewing the direction of the revolving wind. Tlie proper 
card being laid on the chart, and so placed that the particular wind blowing at the time 
passes over the ship, shews the bearing of the focus (not its distance). These “cards,” or 
scales, are made of horn, but they may be made of transparent paper, and are very 
convenient. 

The “ Horn-Book” contains charts, shewing the tracks of hurricanes in various seas, 
t The Orient hove to and bore up into the hurricane, and again hove to, finding that 
its slow progress allowed the ship to overtake it. N. Mag. 1847. 
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effects. It IS, however, proper to allude to the circumstance, because 
it must necessarily cause, on some occasions, a sensible modification. 
Thus, the focus will not be exactly 8 pts., but more or less, from the 
apparent direction of the wind, according to the observer’s place in 
the storm ; and it seems likely that if the progression is very rapid 
and the revolution slow, as at the outer limits, there may be a calm, 
or the apparent direction of the wind there may be altogether re- 
versed. 

1024. Dimensions. The W. India hurricanes are said to increase 
from 100 or 150 miles in diameter to 600, or even, in some cases, to 
1000 ; in the Bay of Bengal from 300 to 350 ; and in the China Sea 
from 60 to 250 miles. 

The central calm space has been found to extend 20 miles ; it is 
said to be largest at first, and to decrease afterwards. The calm has 
continued various intervals, from a few minutes to 8 hours ; and 
short calms, alternating with violent gusts, have been experienced. 
The dejith or height seems not to exceed a mile, if so much, and is 
evidently so inconsiderable with res[)ect to the diameter, that the 
storm has the form of a revolving disc. Light has been perceived 
over head when the focus was passing over the ship, and also the 
sun or stars seen, while the hurricane was raging, and the ship 
surrounded by a dense bank of clouds, on all sides, at a few miles’ 
distance. 

1025. Whilst the storm keeps its form and dimensions, a ship, to 
be taken by it, must evidently be upon the advancing edge or semi- 
circle, but if it is increasing its size, it may envclo])e her also when 
N. or S. of the centre, or even to the eastward of the north and south 
diameter. As the Storm increases by degrees, and does not sud- 
denly appear in its full extent, irregularities in the phenomena vvill 
no doubt often occur towards tlie edges. 

Some storms are stated to have divided into two ; in other cases 
two or more have coalesced into one. (“ Horn-Book.”) 

It may also be expected, that the focus itself will sometimes have 
a spiral or tortuous motion; so that, in fact, the wind may exhibit 
the most perplexing irregularities, while the storm, notwithstanding, 
is strictly a revolving one. 

1026. If the ship scuds, she will obviously rim round and round 
the centre, as some ships are recorded to have done. If compelled 
to heave to, that tack should be scdected on which the wind draws 
aft, because, from the extreme violence of the wind, there is danger, 
if it should bead the ship, of her getting sternway. In N. lat.', in 
the N. portion of the liiirricane, the ship should heave to on the 
starboard tack ; on the S. portion, on the port tack, as recommended 
by Col. Kcid. The contrary in 8. lat. 

While the ship can run, the object is to make for the nearest 
edge or limit, whicli will be easily shewn by a diagram : thus, in fig. 1, 
p« 348, the ship A will make to the southward and westward, B 
to the northward. 

The chief object, in general, is to avoid the focus where the sea is 
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most confused,* and where a sudden and violent change of wind 
occurs from an unexpected quarter. 

In certain cases, when the circumstances could be confidently 
reckoned upon, a ship has, with advantage, made a fair wind of part 
of a hurri(?ane. Itunning, however (as observed by Stormy Jack, 
N. Mag. 1843), is attended with the risk of losing the masts and 
upsetting, or broaching to, as it is very difficult to take in sail in a 
violent wind. And again, in consequence of the variable path of 
the storm in higher hits, it is" only in low lats. that sucli a course 
could be takeTi. 

1027. Periods of the year. In the W. Indies hurricanes occur 
from June 1 to October 31, the worst months by far being August 
and September. In the I3ay of Bengal, chiefly in May, October, and 
November: none in ]^Y*bruary, July, or September. In the China 
Sea, June to Novembiu* ; the Avorst niontii is Sejitombcr by far; none 
have occuri’ed from December 1 to iMay 31. In the Indian Ocean, 
Septeniber to May, February and jMarch being the worst; and in 
the S. Pacific I)(‘cember and Pcdiruary. 

Several years often pass without a huri-icane. 

1028. ludiaitlons. (I.) As waves may he propagated witli great 
rapidity, a swell, more or less confusi'd, has often been noticed as 
the indication of an ap])roaching or jiassing hurricane. II.M.S. 
Isis, 430 mih‘s to the N.W. of liodrigm'z, inet Avith an enormous 
sea rolling from the S.E., about the time of the hurricane at that 
island in Feb. 1844. Thom, ]). 102. 

(2.) A clouded sky generally accompanies bad Aveathcr at sea ; 
but all accounts describe a hurricane as attended by a remarkably 
dense bank of cloud, of a dark or leaden app(;tiraiice. A hurricane 
has thus been seen to pass ])laces aa Inch it did not visit. The bank 
of cloud has been noticed before the fall of the barometer, and, ac- 
cording to Damj)icr, “ is soimgiines seen 12 hours before the Avbirl- 
wind comes on send, often flying in ditferent directions, is of course 
a sign of nearer approach. 

(3.) An unnsnal glare or colour in the light, more commonly of 
a red tint, has often been nol.ic(*d.t 

(4.) A noise in the air has been frequently remarked before 
storms. Some Instances are given in the “ Horn-Book,” p. 157. 

(5.) One of the most important indications in the tropics, is 
afforded by the barometer, because the lieigbt of the mercury is, in 
those regions, very nearly constant. § 


* From the iiUerference of tlie systems of waves due to difTerent winds, the appearance 
of a regular sjuccession is, according to .some descriptions, obliterated, the water rising and 
falling i/i pyramidal heaps . — ** Horn-Book.'' The sea has also been observed to subside in 
a very unusual and sudden manner. 

t A luminous appearance in the horizon denotes, in the Arctic regions, the direction of 
a coming gale. “ An Account of the Arctifc Regions, with a History and Description ot tU« 
Northern Whale Fisluyy," by W. Scoresby. Edinb. 1820. P. 398. 

t “ Arctic Regions," p. 398. 

\ In the Indian Ocean a fall of 0*2 or 0*3 should be attended to. 
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The harometer generally falls slowly, but steadily, for some time 
previous to a hurricane;’’^' its fall continues gradual after the storm 
has commenced, until the focus draws near, when it becomes much 
more rapid. At or near the focus, the mercury is at its greatest 
depression. The extreme fall recorded is from 29*0 to 26*3, or 2*7 
inches, and it has been supposed to have fallen still more. The 
most rapid fall is |ths of an inch in 1 hour. Horn-Book, p. 200. 
riie cpiicksilver has been also observed to fluctnate before a hurri- 
cane, rising and falling ^Vhs of an inch or more in a few minutes. 

If the ship moves along with the hurricane, taking part in its 
progress, the barometer may remain v(‘ry nearly stationary; while, 
if she was hove to, and suffered the storm to pass over her, it would 
exhibit the indications proper to the changing circumstances. 

It has also been found that, ])revionsly to a hurricane, the baro- 
meter has stood higher than usual. This has been accounted for 
(Beid, p. 518) by su|)posing that the advancing whirlwind interferes, 
with the usual progrc'ss of the winds, and tends to heap up the air 
in its path, thereby increasing its pn'ssure or weight. 

Col. Reid considers that the indications of a progressive re- 
volving gale are a descending barometer, with a regularly veering 
wind, or wdth the wind siuhlenly shifting to the op])osite point, as 
also an increase of w armth and moisture and, on the other hand, 
that a high and stationary barometer attends a wind constant to the 
same j)oiut. ' 

The wind has often been observed to moderate soon after the 
commencement of a hurricane, and ships liave been tempted to make 
sail too soon. It is, tlierefore, reconimeiided, in such eases, to wait 
for a decided rise of the barometer. 

(6.) In regard to electrical phenomena, these occur variously. 
Mr. Thom considers that lightning cliiedy appears on the portion 
of the storm nearest the equator, ]), 197. A hurricane at ( -arta- 
gena, Oct. 21, 1823, was attended with extraordinarily severe light- 
ning. Naut. Mag. 1844. 


V. Making the Land. 


1029. When confidence cannot be placed in the correctness of 
the longitude, it is proper, if circumstances permit, to make the 
latitude of the port, and then to run on the parallel for it. 

1030, On approaching the land it will be prudent to charge the 
ship’s place with some inaccuracy ; and the best reckoning can 
never supersede the necessity of a vigilant look-ont. 


* The harometer has been unsteady some days before a typhoon, varying from 29*4 td 
28’9. N. Mag. 1843. Cases are however cited in which no warning was given. Hom-Book, 
P- 190. 

. t An enormous quantity of rain is a characteristic of hurricanes. .A considerable rise also 
1843 sometimes takes place. At Porto Rico, in 1837, the water rose 30 feet. N. Mag. 
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1031. When the land is made, tlie ship’s place should at once be 
laid off by the reckoning; for the reckoning may be good, and if so, 
the ship’s position, as laid down, will be correct, or nearly so. 

And, again, it is not uncommon on making the land, especially 
in defective light, or on a new bearing, and consequently under an 
unaccustomed aspect, to mistake one point for another, or to make 
a considerable error in estimating the distance. Now the position 
laid down is that by which the ship’s course is shaped on the chart, 
and it’ it depends on an erroneous bearing or distance, it may load 
her too near the shore or a dang(‘r ; tlic practice, therefore, may 
furnish a check against a very serious mistake. 

1032. Navigation among coral rtets is facilitated by tlie clear- 
ness of the sea-water. On the reefs on the east coast of Australia, a 
depth of /3 tatlioms was seen from tlui mast-head, at the distance of 
half a mile ; in 7 fathoms a patchy bottom was well made out from 
the boat’s gumvalc ; but in 10 latlioms tlu' bottom was scarcely dis- 
tinguishable from the dark blue of the open sea.* 

The water in the Feej(.*e Inlands was so clear that the ship, to tlie 
eye at the masthead, aj)j)eared to ))e on the coral (IJ. S. Exploring 
Exj)editiou). 

1033. In navigating among tlie coral reefs of the Eeejccs, it is 
recommended, as essential to safety, tliat the day should he clear, the 
sun behind the ship, the water low, and, when the shoals are not 
clearly distinguished, that the ship should anchor if possible.f When 
the sun draws ahead, coral jjatches bc'come less distinct ; and 
hence it is recommended, wlum making for the Barrier Beefs from 
the eastward, to shorten sail in the atternooii (Sail. Directions by 
Capt. F. P. Blackwood, Naiit. IMag. 1844, p. ()51). 

It is also remarked that the look-out, when placed half-way up 
the rigging on these occasions, secs luitter than from the mast-liead, 
wlmre the eye is dazzled by the glare. 

H 'ater. 

1034. The supply of water is a matter of so great consequence as 
to justify a slight deviation from formal strictness of design in 
allusion to it. Most of the places at which water is procured are 
denoted in Table 10 by tlie letter w, but there are some general 
suggestions on tlie subject which may he highly important on occa- 
sions, and Vvdiich it is, therefore, worth while to collect here for 
reference, more especially as the various works through which they 
are scattered cannot be generally accessible to seamen. J 

(].) The water carried by rivers into the sea is often found at a 
considerable distance beyond the mouth. For, a cubic foot of fresh 

* Narnitive of the Surveying Voyage of IT.M.S. Fly, Capt. F. B. Blackwood, in 1842-G, 
p. 10, London, 1847. ( 'apt. Ramsay tells me that in examining the Terrible Shoal (2 leagues 
to the eastward of Graham Shoal), in 184S, the bottom was seen to consist of pointed rockb 
in 1.5 fathoms. 

t Remark Book oT II.M.S. Calypso, Capt. It. Worth. 

X In speaking of tlie supply of water, it may not perhaps be irrelevant to remark, that 
the practice of watering day and night in the tropics, for the purpose of saving a little time- 
is a certain source of sickness and mortality. 
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water weighs 1000 oz. avoirdupois, while a foot of salt w ater w eighs 
1028 oz. ; the fresh water is thus lighter tlum salt in tlie ratio of 
100 to 103, or by 1 part in 34 parts; and hence, when running into 
salt water, diffuses itself over the surface, where it remains till mixed 
by the agitating effect of the wind or other causes. Numerous in- 
stances are recorded of fresh w^ater being thus found at considerable 
distances from the shore. Dainpier, whose interesting voyages con- 
tain sagacious remarks on almost every circumstance that deserves 
the attention of seamen, relates that, being about 2 miles outside a 
small river, near Achen, in Sumatra, they “ found the water of a 
muddy grey colour, and on tasting it found it fresh and he adds, 
that in such cases “we must dip but a little way dowui, for sometimes 
if the bucket goes but a foot deep it takes up salt water with the 
fresh.” A similar circumslance ha|>pen(Ml to llui crew of the Alceste's 
barge, wdien conveying Lord Amlunst to llatavia, aft(u* the wreck 
of the ship, on his njtui-ii from his embassy to China in 1817. Ships 
have w^atered two miles outside one of the mouths of the JMississij>pi, 
the end of the suction-hose b(‘iiig carefully ke])t just below the 
surface. On the like occasions it has been observed that the water 
has been fresli on one side of the ship and salt on the other, the 
difference (wdiich of course is only superficial) being due, no doubt, 
to the protection afibrded by the ship on one side against the elfect 
of the wind to mix the waters. 

(2.) When rain falls on sand contiguous to the sea, the sand 
protects it from agitation, .and it may vemain a consid(‘rable time 
unmixed wdtli the salt water. Accordingly, water is often found, 
esj)ecially after a sliower, by digging in sand, taking care to remove 
it slowly ; and advantage m.ay no doubt be occasionally taken of the 
vicinity of a sandy sliore or island to recruit w ater. 

The troops being greatly distressed for want of water in Lgypt, 
Sir Sidney Smith pointed out, that wherever date-trees grow% water 
was to be found; and a hole having lieeii dug by his directions 
near some trees of this kind, and a cask sunk in it, a supply was 
obtained. 

Adiii. W. H. Smyth (in bis Memoir descrij)tive of the Resources, 
&c. of Sicily and its Islands, IjOiuIoii, 1824, p. 112) states that on 
both sides of the Channel (the Faro of JMessina), pure, though rather 
hard, fresh water, is jirocured, by digging a hole in the sand, within 
two or three feet of the margin of the sea ; this sujiply is obtaiii(?d 
hy the filtering of the fiumare (torrents), the beds ol' w hich, though 
a])pareutly dry, are never utterly so. Tin? shores here alluded to 
are wide and fiat, and consist of sand and gravel. 

In ihe sailing directions for the North Atlantic, it is stated that 
water is always procurable near the Is. de Los, by digging near 
the root of a cocoa-nut tree. Adiii, Bccchey tlescribcs water as 
found by digging in the coral rock, and recommends selecting the 
higher spots, distant from the sea. Lieut. Kuxtou (Naut. Mag. 
1846, p. 12) states that water is jirocura’blc, notwithstanding dis- 
<'-ouraging appearances, at a trifling de])th in the sand, on the S.W. 
coast of Africa, to the northward of Walviscli Bay. Extensive 
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tracts of coast, in different parts of the world, are, however, described 
as absolutely without water. 

(3.) Water is often found by following the track of animals, 
which, whether wild or domesticated, form paths to watering places. 
It was by following a path made by goats at Ascension, that Dam- 
pier discovered the spring which bears his name. Capt. Fitz Hoy 
states tliat water was found on Charles and James Islands in the 
Galapagos by following the track of the terrapin. 

(4.) Boats’ crews or survivors of a shipwreck may find it useful 
to know that rain-water and dew collect round the stems of plants 
which shoot leaves upwards. Damj)ier (Voyages to the Bay of Cam- 
peachy, p. 56*) remarks that it is often obtained from wild pines. 
‘ These take root and grow upright from trees. The leaves hold a 
pint and a half or a cpuirt. VV^e stick our knives into the leaves, 
just above the root, and that lets out the water, which we catch in 
our hats, as I have done many times to my great relief.” 

The cocoanut-tree, the fruit of which is found plentifully, but not 
everywhere, in the troj)ics, and chiefly near the sea,* and whose 
singular and beautiful form, reaching to the height of between 40 
and 1 10 feet, renders it a conspicuous object as a mark, is denoted 
in Table 10, on account of its value to seamen, by a special symbol. 
The natives near Cape Grenville, Australia, carry with them, when 
travelling inland where t]u*y are not likely to find water, the juicy 
roots of a shrub (Naut. Mag. 1847, p. 178). Captain Stokes remarks 
that a pint of water has been collected by a sponge from leaves in 
the morning, even on the S. coast of Australia,, where the dews arc 
not so heavy as on the N.W. coast (Discoveries in Australia, &c., 
in H.M.S. Jieaglc, 18.57-43,” vol. ii. p. 12). 

(5.) Ice islands are frequently composed of pure fresh-water ice, 
which is found in pools on the surface,^ or running down the sides ; 
and watering in this manner is a general practice of ships in icy 
seas. It is often, however, difficult to land on ice ; and in such 
circumstances Admiral Bellingshausen cannonaded an ice island, 
and sent tlie boats for the fragments splint(?red off. 

A peculiar danger is incurred by landing, for the purpose ot 
cutting away a portion, upon ice which, from the advanced period of 
the summer, or the warmth of the air or sea, tends towards dis- 
solution. A blow of an axe may split the whole mass, and the two 
portions, in turning over to acquire a new position for floating, may 
engulph the boat and the persons employed. (Scoresby, Journal of 
a Voyage to tlie Northern Whale Fishery in the Baffin, in 1822, 
p. 300.) A ujass of icc is likewise often liable to turn over, to float 
in a new position, in conse((uence of having nridergone a change of 
form by thawing irregularly. 

The pools of water on the ice are often brackisli in the autumn, 


* This has long be«n remarked. Dampier records that the finest he had ever seen grew 
on Trieste, a small island off .Sumatra, overflowed at spring-tides. 

i* In about 62"’ S. the U. S. Expl. £xj)ed. found on an iceberg a pond of excellent wateri 
Ml acre in extent, and 3 feet deep, covered with a scum of ice 10 iiibhcs thick. 
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wHen the ice becomes porous, and the salt water is drawn up by 
capillary attraction (Nariative of an Attempt to Reach the North 
Pole in Boats, by Capt. W. E. Parry, 1827). 

Thougli excellent water is often obtained from ice, it appears by 
no means certain that this is always the case. Mr. Rae, who lefc 
Fort Churchill in July 1840, to explore the coast from “ J3easo and 
Simpsoirs furthest,” to Fury and Hecla Straits, states “ that they 
had much dilliculty in finding water tliat was drinkable” (Naut, 
Mag. 1847, ]). 620). Baron Vrangel (Le Nord de la Siberie, 
Voyage, (fee., 1822, &c.), mentions that the salt left by evaporation 
on the surface of the ice, is mixed with tlie snow that falls upon it, 
and eaten as salt with food, though bitter and aperient. He found 
the green transparent ice brackish, the blue, fresh. 

1 . Lidicjitions of Land. 

1035. The neighbourhood of land is often indicated by the pre- 
sence of birds, and its position inferred from the direction in which 
tliey take their flight at sunset. Birds, however, arc often found 
attending floating masses of seaweed, which they follow for the sake 
offish, and which is found at all distances from land. 

The sudden appearance of birds flying round the ships at night 
aroused the attention of the officer of the watch, and was thus the 
means of saving H’Entrecasteaux’s squadron from great danger 
near New Caledonia (M. DTJrvillc’s Voyage in the Astrolabe, 1826; 
Paris, 1833, vol. iv.) 

Adm. Bcecliey remarks that birds fly near reefs and islands in 
the Low Archipelago, and calls llie attention of seamen to this 
circumstance. 

1036. It has generally be?n supposed that the appearance of 
particular birds denotes the IctHil to be near. Cook remarks (1st 
Voy. vol. i. p. 53), that “ they had been so often deceived that they 
ceased to look uj)on aquatif* birds as sure signs of the vicinity of 
land.” He observes (1st Voy. vol. ii. p- 37), that shags and some 
other birds seldom fly out of sight of land, and adds that he believes 
gannets, boobies, inen-of-war birds, seldom go far out to sea. Sir 
E. Belcher, however, met constantly with the gannet, frigate-bird, 
tropic bird, and booby, at considerable distances from the land, in 
the N. Pacific (Narrative of a Voyage round the World in H.M.S. 
Sulphur, 1840). Cook eonsidei’cd divers a sign of land . (1st Voy. 
vol. i. p. 47). Admiral Bellingshausen makes a similar remark *1* 
(Voyage of the Mirny and Vostok, vol. i. p. 215). 


* It is a mistake to suppose that merely Altering the water removes all noxious matters, 
as the process merely anests, mechanically, solid particles. Tlie Chinese purify water which 
has hecome olfensive, by mixing half an ounce of alum to one ton, and leaving it for some 
hme. Sir E. Home tried this with complete success in II.M.S. North Star (Naut. Mag 
lh46, p, G2.')). This use of alum has long been known j powdered charcoal, and stirring 
clay in the water, liave also been used. 

R lit stormy petrel (Mother Carey's chicken of sailors) is supposed to foretell wind ; 
Uellingshausen remarks, on the contrary, that this bird made its appearance (at least neai 
N. and 20^^ W) before continued calms. Vol. i. p. 80. 
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Adm. Bcechey remarks that black atid white tern fly 4o miles 
from uninliabited islands, but desert altogetlier those that are in- 
habited. 

1037. Dr. Scoresby observes that in the Arctic regions birds 
desert closing spaces in the ice, and repair to others which are 
opening. 

1038. As a current of water, interrupted by the rising of a shoal 
Dr coast from the bottom of the sea, is carried upwards by the 
pressure from behind, and as the water below is, in warm and tem- 
perate climates, considerably colder than tliat on the surface, a fall 
in the temperature of tlie surface-water has often been found on 
approaching a shoal or the laud, and the tliermometer has accord- 
ingly been confidently recommended as a guide in coming into 
sonmlings. But it is evident that this clfect must depend upon the 
relative eoldm^ss of the water above and below, and also upon tlic 
depth and other cireumstanees of the currmit, ami it has been found 
that tlie indication is neither so constant, nor so marked, as to be 
depended ii])on. Ca])t. Foster, and more recently Capt. Fitz Hoy, 
found no such change on the Alirollios. Sir Vj. Belcher (Voy. in 
ir.lVr.S. Sulphur, 1840-1, vol.ii. ]). 202) found no perceptible cliange 
on entering soundings off the (Jape of Good liojie, or in the N. 
Pacific. 

M. Du Petit Tbouars (Voyage autonr da Monde sur la Fregate 
La Venus, 183()-9, vol. iii. p. 410) paid particular attention to tliis 
indication, and remarks that the observations generally shew a 
lowering of the thermometer on approaching land, but they disprove 
that the water on a bank is (ibiutijs colder.'"' 

1039. Idle teniperat(ij-e of the sea has liecn obse^i’ved to change 
several degrees, in int(;rvals of tiim; varying from a few hours to a 
day and a half jirevions to a change of wind, the water becoming 
gradually warmer when the wind was about to blow from a warm 
(piarter, ami colder in the contrary cas(\ In squally weather the 
temperature lias ffuctuatcd.'f 

1040. ddie temperature of both the sea and tlie air is, however, 
so much inllueiieed by tlie vicinity of ice in consideralile mass, that 
the indications of the thermometer in sm!li eircunistaiiees are highly 
important, more esjiecially as fog, arising from the eomleiisation of 
aqueous vapour by the cold, iVecpiently occurs at the same time. 

VVdieii tl:e vessel is to leeward of tliii ic(i the air is greatly cooled; 
and, on the otlier hand, wlien tiu; ice is to leeward and not far dis- 
tant, th(j water through wliicli it has drifteil will be found colder 
than eFowliere. 

1041. Amongst tlie signs of a near a[)])roacli to land, on some 
occasions, are breakers. Tlie depth of water at wliicli they a]ipear 
s(?ems, however, very uncertain ; and it is sometimes difficult to 

• la tlie Gulf-strcJm, and on tlie banlvs of Newfoundland, the thermometer is said to he 
regular in its changes. (Purdy’s Sailing Directions for the N. Atlantic.) 

•f Adin. Ilccchcy records having made observations of this kind in the North Pacific, off 
C. Horn, and near Spitsbergen. (Beechey's Voyage to the Pacific, 8vo. vol. i- p* 325 
ApjH iidix, p. ;5‘J{).) 
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distinguish between breakers and topping seas. The late Corn 
Tiander Mudge observed that a heavy swell often breaks in 9 or 
10 fathoms, and always in 4 or 6 ; he adds tliat tlie swell is often 
neavicr in a calm than in blowing weather. The sea is reported to 
break on the bar of the River Senegal in 8 fathoms.* 

Mr. Tlionias, master of H.M.S. Investigator, says that in the 
gale of August 18)13, at the Shetlaiids, the s(‘a broke over ail rocks 
having loss than 8 fathoms on them (Naiit. iMag. 1835, j). -309). 

104*2. The only certain indication, in the absence of external 
signs, is the deptli of water, when soniidings can be obtained, 
ilemco sounding is an indispensable ])r(‘cantii)n ; and neglecting to 
sound has, in courts of inquiry and courts-martial, always been 
deemed inexcusable. 


2. Illusory Ajypcordnces, 

1043. While it Is necessary to be on the alert for the discovery 
of danger, it is scarcely h‘ss so to lu^ ])re|)ar(‘d against false alarms. 
Tor ex. : in a moonlight night, when blowing fresli, it is easy to 
fancy breakers and shoals, esj)ecially when on the look-out for them. 
Etfects of liglit and shade have so innch rescnnbled breakers as to 
raise alarm; and sunbeams in the horizon, seem tlirongh rain, have 
been taken for r()lh 3 rs. — (Voyage of H.M.S. Sul])hur.) 

1044. (blonds ami fog-hanks often resemihle land so much as to 
deceive an ex])erienced eye. Sir Jas. (1 Ross observes, that the 
vapour-line ni*ar tln^ margin of ice in the polar re'gions is always 
taken for land by novices, 

1045. Many rej)orte<l islands or shoals, of which the accoiinls 
given have been apparently circumstantial, have, doubtless, beer* 
tr(*es, fisli, alive or dead, or ice islands. Phi])])s (V^oyage to the 
North Pole in the Racehorse and Carcase, 1773, ]). .57) took a 
small ])iece of ice covci’cd willi gravel for an island. NVeddcll (A 
Voyage towards the South lh:)l(*, 1822) rc'cords that it was only on 
pjissiiig 300 yards from an ice island that they ascertained it was not 
solid hind, bvit ice covered ^^ith black earth. He also mentions 
having taken the swollen can*ase of a dead whale lor a rock, — a 
mistake of freqiumt occurrence. Sir Jas. Ross nu t with an iceberg 
U'liich had turned over un])ereeived, and presented a new surface 
covered with earth and stones, so like an island, that nothing but 
landing on it convinced them to the contrary (vol. i. ]:>. 195). Jjieiit. 
^Vilkes records that a supposed rock ttirned out on examination to 
be a large tree covered with weeds and surrounded by iisli (fj. S. 
fbxpl. Expod.) 

1046. Whales have probably, as Uorsbnrgh remarks, been taken 
for rocks. These fish float at the surface for a long time together, 
mid, being covered with barnacles, grass, or seaweed, exhibit an 


* The sea is stated to have broken in 40 fiithoms on the roast of Syria, in the gale of 
Ofc. 1840 (Naut. Mag. 1841, p. 2X1)- Hut there must be Si)iiie nii.''lake here. 
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appearance so like that of a rock that it is often difficult to believe 
the contrary.* 

1047. The sound of breakers or surf has often been found to be 
caused by a shoal of fish. Kerguelen (Relation d’un Voyage dans 
la Mer du Nord, 17G7-8, Paris, 1770, p. 121) saw a large shoal of 
small red fish that had the appearance of a sandbank, of the extent 
of two leagues, on which the sea was breaking, and the illusion was 
rendered the iiiore coinj)lete by the great numbers of birds that 
accompanied it. Capt. Pitz Roy observes, that a shoal of fish seen 
under the water may have given rise to a report of a bank, which it 
niucli resembles. \Veddell records having been alarmed in a fog by 
a cry of breakers, for which a noise produced by fish was taken. 
Most seamen’s ex])ericnce will supply similar instances.f 

It has been remarked that it is very difficult at a distance to dis- 
tinguish straggling ice and breakers from each other. 

1048. A sound like that of guns is prorluccMl by the splitting of 
large masses of ice. Cook records an instance (1st Voyage, p. 47), 
and it is familiar to those who have been in the polar regions. 

1049. The surface of the sea, in some parts of the world, is 
occasionally found streaked, for leagues together, by a matter which 
produces the “discoloured” aspect of shoal water, and which sailors 
suppose to be the spawn of fish. Water having this appearance is 
not approaclicd without anxiety by tliose who are unacenstomod to 
it; and in tliose seas especially where coral reefs rise perpendicularly 
from very great depths, an increase of vigilance is demaiidcd on such 
occasions.:!: 

1050. Ill these days, wlnm the ocean is traversed by innumerable 
ships, appearances wbicb were strange or alarming to the first 
navigators have become familiar; and the dangers wliicli the enter- 
prising men wdio first ventured upon an unknown sea w’ere naturally 
disposed to multiply bavi? disapjjcared from our charts. I3ut in 
earlier times, when the solitary vessel bad cither no chart at all, or 
one put together from imperfect or incongruous materials, the feeble 
state of navigation justified the excess of caution in reporting as a 
danger every suspicious appearance. 

Accounts, therefore, of new land or dangeis, w liicli are published 
from time to time, are not to be receiviMl witliout extreme caution, 
unless they state some circumstance wdiicli is decisive. 


* Sir F. Bi'aufort tells me, lhat in appronrliinj^ the River IMatc, in command of H.M.S 
Woolwich, a whale was reported as a roi*k, and ijelieve<l to be so by every one on board. 
But knowing that no rock existed in the situation, lie steered direct for it, and when about .iO 
yards distant it dived. In II.M.S. Tyne, in the South Pacihe, we bore up for what seemed 
to be the wreck of a ship floating, with her quarter raised out of the sea, but which, ou 
approaching it, turned out to be; a whale. 

i* To these or other eircuinstunces, which have given rise to reports of shoals, may 
pi rhaps he added the shocks whiiR have been experienced by ships striking against whales 
or other large fish. 

X In the Alceste, While among itnperfee.tly known parts of the Eastern Seiis, we frequently 
parsed through water thus tinged with some colouring matter. Mr. Darwin (Voyages of 
iJie Advtriture and Beagle, vol. iii ) eoii>iders the effect to be produced by animalcul®. 
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3. Dangers, 

1051 . When the ship, going free, is found to be running into 
danger, the proper tack to haul to the wind upon is, generally 
speaking, that on whicli she will most rapidly increase her distance 
from it, because thus tiinr: will be gained. 

1052. In higli latitudes ice islands, having broken adrift from 
the j)laces where tliey were fornuMl, are often met with towards the 
cK^e of the summer, or earlier. The presence of ice at night is 
often indicated by a peculiar elfect of light, and in fog by a kind of 
blackness in the atmosphere (Scoresby’s Arctic Regions, p. 255). 

On falling in with ice the ship is recommended to pass to wind- 
ward of it. It is observed that the smaller portions drift more 
quickly than larger ones, an{l that ])ieces of a round figure drift 
nearly before the wind, while angular jneces move irregularly. 

The greatest Inuglit of ice islands is stated to be 200 feet. 

Tee islands have been met with to the southward of the parallel 
of 50® N., in the North Atlantic, and in the Southern Ocean in 36® 
of latitude (Naut. Mag. 1845, p. 188). 

A remarkable diiniiiutioii in the strength of the wind is ex- 
])orieiieed when to leeward of ice, even of very small extent. This 
is noticed by Sir 12. Parry (Second Voyage for the Discovery of 
a N.W. Passage, p. 12), and by other navigators. 

1053. There is, of course, always a risk in running in a dark 
night of encountering another vessel, and instances are recorded 
from time to time, though much more rarely than might be expected, 
of serious or fatal collisions. There is also another source of danger, 
which appears to have increased of late years, and one less 
ea'<ily guarded against, in vessels which have l)een abandoned by their 
crews, ill some cases unnecessarily, and which, having become more 
or less waterlogged, reniaiii drifting about. Several instances will 
he found in the Nautical Mairazine. Sir E. Belcher records having 
met with the same wreck off* the coast of Portugal in both H.M. Ships 
Sulj)hur and Saniarang. 

1054. To these may be added rollers^ which term is applied to a 
very heavy swell rising on particular coasts, without any known 
cause, generally very quickly, and subsiding very soon, and which con- 
stitutes a formidable danger. II M.S. Julia was wrecked in a calm 
at Tristan d’Acunha in a few minutes. IMore recently very severe 
loss was experienced at St. Helena. Rollers are noticed as a great 
danger on the coast of Guiana, where they break in 5 or 6 fathoms 
(Commander Darley in Naut. Mag. 1844, p. 640). The U. S. Exjd, 
E.xpd. anchored ofi‘ St. Francisco Nov. 1, 1841, the Vincennes 
being in 7 fathoms, and 3 miles off shore. About 10 p.m. the rollers 
got up and broke with the continued roar of a surf. At midnight a 
sea broke heavily on board the Vincennes, a ship of 780 tons, dis- 
placed the booms and boats, and killed a man. The other ships, in 
deeper water, felt no inconvenience.'^ 

* Though great danger is incurred from breakers in slioal water, yet tliere are coasts Oii 
'vuich the gradual shelving of the bottom dissi}>ates the swell by degrees without causing a 
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4. Determination of Position or Danger, 

1055. Out of Sight of Laud. — When a rock, a shoal, or an 
island, is unexpectedly met witli at sea, its bearing and estimated 
distance are to be noted, with the time by chronometer. As the 
true position can be determined by astronomical observation alone, 
the following directions are inserted for reference, the calculations 
being deferred to a convenient time. 

( 1 .) When the sun is visible. Observe his altitude, noting the 
time by chronometer (see the note. No. 726). This gives the lat., 
Nos. 681, 696, or 718, or the time. No. 776, or 791, and thence the 
long, by clironometer. 

(2.) Wlnm the sun and moon are visible. Observe both alts, 
with all possible care, and the lunar distance ; the lat. is hence 
found. Nos. 681 or 692, 696 or 703, or 759, &;c., and thence the 
time, and the long, by cliron. or by lunar. 

(3.) When the moon is visible. See Nos. 692, 703. In favour- 
able cases the alt. gives the long., No. 864. 

(4.) When the moon and stars are visible. Obtain the lunar 
distance, and both alts, with care. See, also, Nos. 864 and 866. 

(5.) When the stars alone are visibh'. Observe altitudes near 
tlic meridian, and oji opposite sides of the zemith, for lat.; and near 
the prime vertical for tinn? and long, by chron. 

Of the dangers to which navigation is e.x])osed none is more 
formidable than a reef or a shoal in the open sea; not only from the 
almost certain fate oi‘ the ship and her crew that have the misfortune 
to strike upon it, but also from the anxiety with which the naviga- 
tion of all vessels, within ov**n a long distance, must be conducted, 
on account of the un(!ejtaint> to which their own reckonings are 
ever open. No commander ufa vessc;!, therefore who might iiu'ct 
unexpectedly with any sttch dai'.ger, could be ('xcused, exce])t by 
urgent circumstances, from taking die necissary steps both for 
ascertaining its true jiosition, and tor giving a description as com- 
})lcte as a prudent regard to his uwn safiUy allowed. 

1056. In Sight of Land. — Tin* position of a rock or a shoal may 
be determined liy cross-]>earings. No. 366, but more completely by 
(d)serving from it the two angles contained by three lines drawn to 
objects on shoi e, or well-defined points of land accurately laid down 
on the chart. The (juadrant, or sextant, sliould be used in jireference 
to the com])ass, both for convenience and accuracy ; the face should 
lx; held horizontal, and the angles measured lx.-tween jioints vertically 
under the objects, or detiu’inined by plumb-lines conceived to pass 
through the obiecUs. No. 368. 

[I.] Rojjort of new Discovery^ or Correction of Position. 

1057. In transmitting an account of a ne\v discovery, or tin? 
correction of a |ii)sition, the first consideration is the lat. or long., or 

break. On the coast of Barbary, in II.M.S. Adventure, under the command of 
Gapf. \V. II. 8niyth, wc frequently, when tlie wind was dead on shore, ran to leeward outol 
the sea, till we lound u convenient depth of water for anchoring. 
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Llje situation with respect to some other j)lace. Attention sliouhl 
therefore be direct(?d to the instructions at p. 281. It will, indeed, 
be evident on a moment’s reflection, that the lonj;^. described merely, 
US is too often the case, as “ long*, by chron.” without reference to 
some fixed ])oint, is utterly valueless. Again, wlum sucli fixed point 
is mentioned, it is no less lujcessary to not(? the long, adopted : for 
ex. : “ Long, by chron. from Callao,” is little better than no allusion 
to place at all, as Callao appears in the tables in different longs, from 
77"^ 4' to 77® 14'. 

When the determination depends on a lunar, notice should be 
taken, 1. of the skill of the observer; 2. of the instrument; and 
especially whether distances on opposite sides of the moon are ob- 
served ; also, 3. of the probable error of the time. 

1058. After the position the point next in importance is the 
rxtciU, and general direction, if this can be assigned. Then follows 
height or depth, with notice of the appearanct^ ; and then anchorage, 
landing, suj)plies, and nativ(*s. The seaman wiil rind these matters 
of detail passed in review, in the same constant order, in the sym- 
bolised descrij)tions in Table 10 ; and he may render much service 
by taking the opportunity of recording these particulars on passing 
any of the numerous places of which we have no very exact 
accounts.'^' 

It will often be important to notice both the extent and appear- 
ance of islands, which have not been visited for a long time. Kru- 
senstern, in alluding to the growth of many islands by submarine 
formations, which are continually extending themselves, as esta- 
blished by Fleurieu, Flinders, and Leecdiey, remarks that Capt. 
(.'arteret discovered a small Hat island so nearly at the level of the 
sea, as scarcely to deserve tin* naiiu* of an island, which he called 
()sn(tbur(jli. It was on this island that tin* Matilda, was wrecked in 
171)2, as is pj'oved by ilie agreement of luu’ observations with those 
of Adm. Ileecliey, who found b..^re the wreck of a ship. Thus the 
“small island” had, in 1827, an extent of 1 1 miles (Mein. Hydr. 
1835, p. J)d). 

Again, in warm cliinaT's, reefs at the level of the sea arc covered 
by degrees with a low vegetation, wbicli, in due time, is succeeded 
by trees. Many places, therefore, now known merely as reefs, or 
not noticed at all, will probably become hereafter conspicuous 
islands. 

1059. Wlienev(;r a position is noted, the bearimxs of liendlands 
and islands should be observed as accurately as |)ossible. ’J’lie neg- 
lect of this is seriously felt in the arrangement, of positions. f 

Seamen may also sii])ply very imjiortant elements for correcting 


* If, in scndiiiE^ home suc.li accounts, the writer nst's symbols, lie must be very careful to 
draw them in tlieir ])(‘rfect form, lest one may he takiui for another. The great saving of 
tune and S[)ace whieh tlicy ciFoct claims the necessary attention in writing them legibly. 

t In the third and later editions of this work a discrepancy was admitted in the 
posuions of Tanna, Annatom, and Erroiian, from the want of bearings, though the places 
in signt of eaeii other. Cai)t. Denh.Jin, of II. INKS. Torch, has reeenilv removed the 
‘lifficulty. 
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the charts by observing with care the bearing of two points of land 
when seen in a line, or on with each other, or of a summit seen over 
a point. Such bearings are called transit hearings. 

1060. Views slionid accompany all hydrographic notices, when 
there is any one on board who can draw. On these should be 
marked one or more bearings (selecting, first, tliat of tlie nearest 
point), and the angles measured by a quadrant between remarkable 
points or other objects ; also the uiigiiiar elevations of summits, as 
these last serve for the determination of heights. 

It is also important, where the range is considerable, to note the 
time of tide, because the rise or fall of several feet in the water may 
cause a material change in the appearance of the shore, and has 
also the effect of altering the apparent dimensions of an island with 
shelving shores. Again, when the spectator is on shore, the place 
of the visible horizon varies w ith the height of the tide, being nearer 
to him and higher, when the water is higher (or when he is less ele- 
vated above it), and further off and lower, as the waterfalls (or as he 
increases his relative height). The consequence of this is, that an 
island beyond the visible horizon appears to the spectator on shore 
to be of different lengths at different times of the tide. 



EXPLANATION OF THE TABLES. 


In this division of the work the use and application, and, m 
BOine degree, the construction, of the Tables, are described. 

Rules are. given for computing the terms in the Tables. These 
rules will be found useful for the purpose of verification ; for the 
computalion of an intermediate term instead of the ordinary inter- 
polation ; and also when the computer may require, for a particular 
object, to employ a table on a more extensive scale than would be 
convenient for the general purposes of the collection. 


NAVIGyVTION.^ 

THE SAILINGS. 


These tables are used chiefly in the methods. Chapter III. 

Tables 1 and 2. 

These are called Traverse Tables from their use in Traverse Sailing 


1. Direct Appllmtion, 


Table 1 contains the Diff. Lat. and Dop. for the Course at every quartei 
point, and for each mile of distance to dOO miles. Table 2 contains the 
same quantities for each degree. 

The degree and minute corresponding to each point arc inserted in 
Table 1 ; and the time corresponding to each degree in Table 2. 

When the Course is less tiian 4 points or 46"^, the tables are to be entered 
at the top ; but from the bottom when it exceeds 4 points or 45°. 


Ex, 1. Course 2^ pts., dist. 74. miles; find 
the D. Lat. an.l Dep. 

In Table 1, at points, and against 74. in 
the Dist. column, are D. Lat. 65*3, and 
Dep. 34-9. 


Ex. 2. Course 68^ Dist. 241 miles; find 
the D. Lat. and Dep. 

In Table 2, ovit 68” at the bottom, .md 
against 241, are D. Lat. 90*3, and Dep. 
I 223-5. 


* The gencr.al division of the subject into Navigation and Nautical Astronomy naturally 
suggests the like division among the Tables. But besides this, the eomputer cannot, in 
general, make proper use of the Astronomical Tables unless acquainted beforehand with his 
position on the globe. The Tables, therefore, relating to this last point, that is, those w hick 
are eoncerned in finding the position of the ship with reference to the })lace left, necessarily 
pieccde the others. The Table of Positions, wiiich is usually found at the end of a rollection 
P* tables, is, according to this disposition, placed among those relating to Departures, since 
in actual navigation it is referred to only with reference to the place of tlie ship. 

Ihe author is indebted to. many individuals whose opinions are entitled to every consider- 
^ on for suggestions relative to the arrangement or order. It will, however, be obvious th^it 
0 arrangement can be devised which shall be equally convenient for all persons at all times 
plan is open to fewer objections of weight than one in wdiieh regard is paid 
to the classification of subjects and to the successive stages of the computations. 
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lo like manner, in takiri" out tlie Course corresponding to a given D. Lat 
and bep., when the D. Lat. is greater than the Dep., take the Course frono 
the top ; wlien less, from the bottom. 

(1.) To take out the D. Lat. or Dep. to a fraction of a aegree. 

Ex. To iinJ the Dcj*. to and Dist. loo. 

The Dep. to 1 is 19*1, that to 12® is 20*8 ; J of the difference 1*7, or *4, added to 19*1 
tdves 19*5, the Dep. rctiuired. 

In finding the D. l.at. this prop, part is subtractive. 

(2.) To find the D. Lat. or Dep. for a fractional Dist., as, for example, 
fer 59’3 ; find it Tor 59, and then fur 3 (dividing the last by 10). 

(3.) Wlien the given Di: t. exceeds 3l)0 miles, divide it by 10, and mul- 
tiply the 1). Lat. and Dep. found by 10. So, likcjwisc, when tlie given 
D. Lat. or Dep. exceeds the limits of the Tabic, divide it by 10, and multiply 
the iTsuUing Dist. by 10. 

Ex. 1 . Course 31”, Dist, 1872 miles. The Ex. 2 . D. Lat. 47°, and Dep. 1 12, to find 
Course 31 , and Dist. 187, ^ive D. Lat. the Course and Dist. D. Lat. 47, iind Dep. 
160*3, and Dep. 96*3; hence the required ii‘z, give Course 14'^ and Dist. 48; the re- 
D. Lat. and Dep. are 1603 and 963 neaily. quired Dist. is, therefore, 4S0 nearly. 

This is near (‘iiough in general. For greater accuracy, take out the D. 
Lat. or Dep. for 300, and for the excess above 300. 

2. Trigimometricnl Quantities* 

If the angle AC B, fig., No. 162, be considered the Course, and AC the 
Distance, then A B bi'comes the Dep. and C B thc'D. Lat. 

Hence, by No. 162, the Dep, corresponding to the Dist. 100 is the sine 
for the radius 100. 

Tlie D. L(tt, to the Di.sf. 100 is the cosine for the radius 100. 

In lik(i manner, the Dep. to the D. Lat. 100 is the tangent for tli(‘ 
radius lUO. 

The Dht. to the 1). Lat. 100 is the secant to the radius 100. 

Thus also the D. Lat, to the Dep. 100 is the cotangent ; and the Dist. 
to the Dep. 100 is the cosecant to the same radius 100. 

The trigonometrical quantities (which are calculated for radius 1) arc 
deduced from the numbers thus found in the Traverse Table by marking off 
two decimals. 

Ex. 1 . Find the Sine of 27°. At the arc 27°, the Dist. 100 gives the Dep. 4^*4- 
Sine is, therefo/c, *454, the log. of which is 9*657 (Nos. 58 ( 2 ) and 59 , p. 19 ). Tliis is the 
log. given in Taoie 68. 

Ex. 2 . Find the Cosine of 56^. At 56®, the D. Lat. to the Dist. 100 is 55*9, the Cosink 
is ‘559, the log. of which is 9’747. 

Ex. 3 . Find the Tangent of 38^. At 38^, the D. Lat. 100 corresponds to Dep. 78*2, tli*! 
Tangent is *782, the log. of which is 9*893. 

Ex. 4 . Find the Secant of 42^^. At 42", the D. Lat. 100 corresponds to the Dist. 134*6, 
the Secant is 1*346, the log. of which is 0*129, or in Table 68, 10*129 (No. 166 , Note). 

Ex. 5 . Find the Cotangent of 54^. At 54^, the Dep. 100 corresponds to D. Lat. 72*7, 
the CoTANG. is 727, the log. of which is 9*861. 

Ex. 6. Find the Coscc. of 18”. At 18°, the Dep. 100 corresponds to Dist. 323 ‘ 4 » 
CosEC. is 3*234, the log. of which is 0*510. 

[ 1 .] Solution of Right-Angled Triangles. 

These tables are useful in solving approximately cases of right-angletl 
Iriangles, as also in roughly verifying tlie results of questions of the kina 
when obtained by logarithms. 
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Ex. p. 48 . Angle A 50°, C A 28 feet, find A B and B C. 

At 50®, the Dist. 28 gives the D. Lat. 18, which is AB, and the Dcp. 21*4, or C B. 

Ex., p. 49 , Case II. Angle A 30°, B C 171 ; find A B and A C. 

Course 30® and Dep. 85*5 give Dist. 171, or B C 342, and D. Lat. 148*1, or A C 296*2, 
Ex. p. 49 , Case III. AB 220*3, AC 101*9 ; Angle B and B C, 

Dist. 220 and Dep. 103*3 the nearest, and give 28° for the Angle B, and the D. Lat. 
or B C 194. 


3. Proporlional Quf/jttUies, 

Since the Dist., D. Lat., and Di p., have, on the same pa^e, the same 
ratio to each other, the Traverse Tal)le is a "oueral proportional table. In 
like manner, each paa:e involves thn'o constant factors, with their reciprocals. 

Thus at 33” the D. T>at. is the Dist. multiplied by '839; for 100 x *839 
=83*9. The Dep. is the Dist. multipli(*d by -.545, or it is the D. Lat. 
multiplied by *6.5 nearly. In like manner the Dist. is the D. Lat. divided 
by *839 or the Dep. divided by *545 ; and the D. Lat. is the Dep. divid(Ml 
by *65. The last place of decimals will .sometimes be inaccurate 

[1 ] Reduction for Intervals. 

The reduction of tabular quantities, given to any interval, as 100, 60, 
24, 12, &c., are thus easily effected for parts of these intervals. 

Ex. The daily change of the sun’s declin. is 17^; required the change in 19 hours. 

Look out 24 as Dist., and 17 as Dcp. ; then (at 45°) against the Dist. 19 is the Dtp. 
13*4, the change required. 

Thus also the distance run by the ship in any number of minutes may be deduced from 
the rate of sailing per hour, or sixty minutes. 

In using the Table in cases of simple proportion, it is generally advisable', 
when two terms are very unequal, to make them more nearly otpial by mul- 
tiplying the lessor by 10. lly this iiu'aiis the beginning of the Table, wliere 
the quantities vary most irregularly, is avoided. 

Ex. If io™*9 give 140' change of alt., what (diange will 4"'*! give } 

Use D. Lat., T09, and Dep. 140 ; these ocenr at 5.’-°, where the D. Lat. 41 (or 4*1 x 10) 
gives Dep. 52'4, the change required. 

[ 2 .] Corresponding Measures. 

By Table 2 the measures of one scale, or denomination, may be reduced, 
nearly enough for most practical purposes, to those of another. 

(1.) To turn statute miles into nautical or gevgraphiral mites. 

I statute mile =0*8684 geogr. i geogr. mile = 1*1515 statute miles. 

At 61°, the Dist. and Dep. correspond to statute and geogr. miles. 

(2.) To turn feet per second into nautival miles per hour. 

■^t 36®, the Dist. and Dep. correspond to feet and miles ; thus the rate of 1 9 fccr. per 
second is 1 1 miles an hour, nearly. 

The measures and soundings on foreign charts are reduced, in like 
nianner, to our own scales.* 


* The numbers given are quoted from Commander Becher’s Tables, published by Bate, 
which they are given to greater acc'uracy. 
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(1.) To turn Danish Fame into Fnqlish Fathoms, 

I fav.sa 1*0292 fath. I fath. =0*9716 tav. 

At 76°, the Dist. and Dep. correspond to fathoms and/arwe; thus, 100 favne arc 103 
filth, nearly. 

(2.) To turn Danish Feet into FngUsh Feet, 

I Dan. foot (/ofZ) = 1*0270 Eng. feet, i Eng. fooft---o*9737 Dan ft. 

At 77°, the Dist. and Dep. correspond to English and Danish feet; thus, 200 Danish 
feet are 205 English feet nearly. 

(3.) To turn Dutch (Amsterdam) Feet into English Feet, 

I Amst. foot = o*928'7 Eng. ft. i Eng. foot = 1*077 Amst. ft. 

At 68°, the Dist. and Dep. correspond to Dutch and English feet. Thus, 300 Dutca 
feet are 278*2 English feet nearly. 

(4.) To turn Dutch Palms into English Feet, 

I palin = o*3283 ft. i 1001=3*046 palms. 

At 19°, Dist. and Dep. correspond to jmlms and feet. Thus, 100 palms are 32*6, or. 
more nearly, 32*8 feet. 

(5.) 'Fo turn French Brasses into English Fathoms, 

I brassc = o*888 fath. i fath. = 1*126 brasse. 

At 62°, the, Dist. and Dep. correspond to brasses and fathoms. Add i in 180. Tiitu 
100 brasse# are 176*6, or more nearty 177*6 fathoms. 

(6.) To turn French Metres into English Yards,* 

I metre= 1*0936 yard, i yard = o*9i44 metre. 

At 66°, the Dist. and Dep. correspond to yards and metres. Thus, 300 yards are 274*1 
metres nearly. 

(7.) To turn French Feet {Pieds) into English Feet. 

I pied =1*0658 ft. I foot = 0*93 83 pied. 

At 70°, the Dist. and Dep. correspond to pieds and feet. Thus, 200 pieds are 213 feet 
nearly. 

(8.) To turn French Toises into English Fathoms, 

I toise = 1*0658 fath. i fath. = o*9383 toise. 

• At 70°, the Dist. and Dep. correspond to toises and fathoms. Thus, 200 toises are 213 
fathoms nearly. 

(9.) For the Prussian Foot (^Fuss), see Danish. 

(10.) To turn Russian Arsheens into English Feet. 

I arsh. = 2*3343 ft. I foot = 0*4284 arsh. 

At 25°, the Dist. and Dep. correspond to feet and arsheens. Deduct i in 60. Thus. 
86 arsheens are 203 feet, or more nearly 200 feet. 

(J 1.) To turn Russian Sashes (^Sazhcfis) into English Fathoms, 

z. sazh. = 1*1671 fath. i fath. = 0*8568 sazh. 

At 59°, the Dist. and Dep. correspond to fathoms and sashes. Thus, 300 fathoms are 
257*1 sazhens. Thus, the arsh. = 28 in. ; the sazhen = 7 f., and the verst (12) = 500 sazhens. 




The following French measures occur frequently : — 


I Myriametre • = 10,000 metres. 
1 Kilometre = 1000 

1 Hectometre = 100 

1 Decametre « 10 


Metre 

Decimetre = i-ioth met. 
Centimetre = i- 100th met. 
Millimetre = i-ioootK met. 


« 39-37079 Eng. ID 

» 3*937079 

- 0*393708 

a 0*039371 



EXPLANATION OF THE TAPT.ES. 


3G9 


(12.) To turn Russian Versts into Nautical Miles. 

I verst = o*5759 mile, i mile = 1*7364 verst. 

At 35®, the Dist. and Dep. correspond to versts and miles. Add i in 260. Thu3| 300 
versts are 172*1, or more nearly (adding *6) 172*7 miles. 

(13.) To turn Spanish Rrazas into Rnglish Fathoms. 

1 braza=»o*9i5 fath. i fath. = 1*092 braz. 

At 66°, the Dist. and Dep. correspond to brazaa and fathoms. Thus, 200 bra/as ara 
183 fathoms nearly. 

(14.) To turn Spanish Varas into Yards. 

I vara=o*9i42 yard, i yard= 1*0964 var. 

At 66°, the Dist. and Dep. correspond to va^tis and yards. Thus, 300 varas are 274*? 
yards. 

(15.) To turn Swedish Feet into Fnglish Feet. 

I Swed. foot (yorZ) =0*9739 Eng. foot. 1 Eng. foot= 1*0268 Swed. foot. 

At 77°, the Dist. and Dep. correspond to Swedish and English feet. Thus, 300 Swedish 
feet are 292*3 English feet. 

To compute a Term. For the D. Lat. 'Po llie log. of the Disi. add the 
log. cos. of the Course; the sum is tlie log. of the D. Lat 

For the Dep. To the log. of the Dist. add tlie log. sine of theKJourse ; 
the sum is the log. of the Dep. " 


Table 3. Departure and Corresponding Difference of Longitude 


This Table slicws tin' number of minutes of Longitiuh^ in any number of 
uautical miles from 1 to lU, measured E. and \V., in hits, iindm* 70"^. 

Ex. 1. Lat. 49°, Dep. 27m. ; find the D. 
liong. 

49°, 20 (2 X 10} 30*48 

7 10*67 

D. Long. 4*’ >5 


Ex. 2. Lat. 31° 30^ Dep. 8*7m. ; find the 
D. Long. 

31 L 8 

0*7 

D. Long. 


9’3* 

0*82 


In general, interpolation for any fraction of a degree may be effected 
nearly enough at sight, as in Ex. 2; but when 
accuracy is required, find the D. Long, for 
the two whole degrees, including the fractional 
hit., take the diff. of the two results, and with 
it enter the col. headed D to 1°, take out the 
parts and add them. 

The Table may often be useful in parallel 
and mid. lat. sailing ; though, to be properly 
adapted to this purpose, it should be greatly o.xtended. Its chief utility lies 
in the reduction or comparison of longitudes in plans not graduated. 

To compute a term. To the log. of the Dep, add the log. sec. of the 
Lat.; the sum (rejecting 10) is the log. of the D. Long. 


E.X. 2, above. 

31", 8 

32» 

D. to 
0*7 


9*33 9*33 

9*43 

o-io, for 30^ 4 *05 

9’38 
+ ‘82 

D. Long. 10*20 


Table 4 Difference of Longitude and Corresponding Departure. 

This Table shews the number of nautical miles in any number of minutes 
cl longitude from 1 to 10, in lats. under 70°. 


B B 
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Ex. 1 . Lat. 64®, D. Long. 272'; find the 


200 88*0 

70 30*7 

2 0*9 

Dep. 119*6 


Ex. 2. Lat. 22®{r D. Long. 4^*6 ; find 
the Dep. 

22°, 4 3*71 3 71 

23, 3*^^ 

D. to 1° 0*03, for 30'... — *02 

22 \ 0*6 *56 

Dep. 4*25 


The remarks on Table 3 apply to Table 4, except that the parts for tlie 
fraction of a degree arc to be subtracted. 

To compute a term. To the log. of the D. Long, add the log. cos. of the 
Lat. ; the sum (rejecting 1C) is the log. of the Dep. 


Table 5. Spherical Traverse Table. 


This Table is named from its being used with the common or plane 
Trav’erse Table, in cases which involve Splu;rieal Trigonometry. 

The Table is entered witli tlie lesser of two given arcs or angles at the 
toy), and the other at the side ; thus, to take out M and N for 64^^ and 15^, 
enter with 15° at the top and 64° at the side, then M is found 236 2, and 
N 54 9.* 

Interpolation for a fraction of a degree is easy, because M and N always 
increase. In general, it is enough to take M or N at sight, as directed 
No. 19 ; thus, for ex., to find M for 59° 47' and 66° 18', that is, for 59| and 
66^, we may take 496. 

For greater precision, take the differences between each two terms con- 
cerned, and proceed to proportion separately for each. 

The Table solves by inspection, approximately only, but very expediti- 
ously, several problems. rhis method, besides being near enough for many 
practical purposes, will often be useful as a check against mistakes in longer 
methods. 

(1.) To find the Hour-angle from the alt. No. 613. 

With the lat. ami deck find M and N. With the alt. as Course, and M 
us Dist. find the Deyj. 

When the lat. and deck are of contrary names, take the sum of the Di p. 
and N. The course answering to this sum as D. Lat. and Dist. 100 is the 
Hour-angle required. 

When the lat. and deck arc of the same name, take the d[ff\ of the Dep. 
and N. When the Dep. exceeds N, the course answering to this Diff. as 1). 
Lat. and Dist. 100 is the Hour-angle; but wdien the Dep. is less than N, the 
supyilemerit of the said course is the Hour-angle. 


Ex. 1 . Lat. 15° 32' N., deck 8° 35' S., 
alt. 15^ 26': required the Hour-angle. 

15°^ and M 104*9, 4 '* 

15 4 (alt.) and 105, Dep. 28*0 
{sum) 32*1 
Hour- ANGLE, 4*^ 44*". 


Ex. 2 . Lat. 51° S., ded. 19° 27' N. 

alt. required the Hour-angle. 

19°, J and 51°, M i68*6, N 44*7 
ii'"| and 169, Dep. 34'4 

{sum) 79*1 

Hour-angle, 2^ 31”’. 


* It will be perceived, on inspecting the examples, that after M and N are taken out to 
the given arcs, the arithmetical process is very similar in all the problems ; very little prac- 
tice will, therefore, render the several uses of the Table familiar. As the process of coinpu- 
tiAion consists the addition or subtraction of two numbers only, thus taken out y 
Tuspeetion, it will be difficult, if not impossible, to find general solutions more concise. As 
M is always greater than N, they can never be confounded together. 

U is because the Dep. always increases with the course, that it is used in preference 
fhe D. kat. in the solutions by this Table, the rules being adapted accordingly. 
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Ex. 3 . Lat. 56° 50' S., decl. 56° 10' S., Ex. 4 . Lat. 47° 3' N., decl. aa® 3/ N. 
alt. 64° 47': required the Hour-angle. alt. 8° ao': required the Hour-angle. 

57° and 56°, M 328*3, N 228*3 47® and 22°^, M 158*7, N 44*4 

65° and 328, Dep. 297*3 8®| and 159, Pep. 23*0 

(dif.) 69 o {diff.) 21*4 

Hour-angle, 3** 5“ (since the Dep. ex- Course, 5** ii"'; or Hour- angle, 6** 491a 

ceeds N). (since the Dep. is less than N). 

When the lat. or the dccl. is 0, N is 0, and the Dep. is to bo taken as 
the D. Lat. to 100; the Course corresponding is the Hour-angle required. 

Ex. 5. Lat. o®, decl. 14® N. or S., alt. Ex. 6. Lat. 38° N. or S., decl. o, alt. 

»i7®: required the Hour-angle. 27®: required the Hour-angle. 

o and 14®, M 103*1 o® and 38®, M 126*9 

27® and 103, Dep. 46*8 27° and 127, Dep. 57*7 

Hour-angle, 4'* 8™. Hour- angle, 3** 40*". 

(2.) To find the Hour-angle on the Prime Vertical, No. 618. 

With the decl. and colat. find N; with 100 as Dist. and N. as D. Lat. 
6nd the Course. 

Ex. Lat. 31®, decl. 14®. 14® and 59® give N. 41*5; 100 Dist. and 41*5 D. Lat. 

^ve Hour-angle 4*‘ 22"*. 

(3.) To find the Hour-angle at rising and setting, No. 620. a 

With the lat. and decl. take out N. W^ith the Dist. 100 and N as D. Lat. 
find the Course. 

When the lat. and decl. are of confrnrif names, this is the Hour-angle 
required ; when of the same name, take the suppL to 1 2 hours. 

Ex. 1 . Lat. 51° N., dccl. 27® N. : find Ex. 2. Lat. 31° N., decl. 40° S. : find 
the Hour-angle at rising or setting. the Hour-angle at rising or setting. 

27° and 51° give N 62*9 31° and 40° give N 50*4 

Dist. TOO and D. Lat. 62*9 give Course 100 .and 50*4 give 4**, the Hour-angle 

3** 24'", and the Hour- angle required 8^ 36"‘. required. 

(4.) To find the effect of Refraction, &c. on the above, No. 638. 

With the lat. and decl. take out M. With M as Dep. and the Hour-angle 
at rising or setting as Course, take out the Dist. Multiply this Dist. by the 
sum of 34' and the depression to the height, Table 8 ; the product divided by 
1300 is the portion of time required in min. and decimals. 

Ex. 1 , No. 638 . Lat. 28® and Decl. 16° give M 1 17’8. Then Lat. 28° N. and Decl. 16® 
N. give ilour-angle at setting, 35”^ The suppl. of this, as it exceeds 6*^, or 5** 25"* as 
C^.ourse, and Dep. 117*8, give Dist. 119. 

Dist. 1 19 mult, by 34 + 117, or 15 1, is 17969; which, by 1500, gives ii"‘*9. 

(5.) To find the Time of Twilight, No. 641. 

With the lat. and the sun’s decl. find M and N. With the Course 18° 
and the Dist. M find the departure. 

When the lat. and decl. are of same name, add this dep. to N ; the 
Course corresponding to the sum as D. Lat. and Dist. 100 is the A. T. of 
the beginning of twilight, a.m. 

When the lat. and decl. are of contrary names, take the diff. between the 
above Dep. and N; the Course corresponding to this diff. as D. L^t. and 
Dist. 100 is the time twilight begins^ a.m., when the Dep. is greater than N; 
anil the time it ends^ P.M., when the Dep. is less than N. 

Kach of these times is the supplement of the other to 12*’, 
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Ex. Lat. 30*^ N., sun^s decl. 20 ' N. ; required Beginning and End of Twilight. 

20'-' and 30"* give M 122*9 N 21. Coui*se and Dist. 123 give Dep. 38 (greater;, 
{same name) sam 59. Dist. 100 and D. Lat. 59 give Course 3'* 56”', the time it BaoiNi 
A.M.; hence it Ends at 8‘» 24“* p.m. 

(6.) To find the altitude on the Prime Vertical, No. 664. 

With 0 and the colat. find M. With the decl. as Course and M as 
find the Dep. With Dist. 100 and this Dep. find the Course. 


Ex. Lat. 52®, Dccl. 22®. o and 38® give M 126*9, 22° and Dist. 127 give Dep. 47*6. 
Dist. lOo and 47*6 give Course or Alt. 28"^. 

Ex. 3 , No. 665 (worked to the nearest degree)^ gives Dep. 100, equal to the Dist. which 
means that the Alt. is 90'^ or it is an extreme case. 

(7.) To find the Altitude, the Hour-angle being given, No. 666. 

With the lat. and decl. take out M and N. With the compl. of the 
hour-angle to 6^ as a Course, and Dist. 100, find the Dop. 

When the lat. and decl. are of contrary names, take the diff, of this 
Dep. and N. When the lat. and decl. are of the same name ; if the hour- 
angle is less than 6**, take the sum of the Dep. and N ; if greater than 6^, 
take the d[ff\ 

Witli this sum, or diff., as Dep. and M as Dist. find the Course, which is 
the alt. required. 


Ex. 1 . Lat. 15° 32' N., dccl. 8° 35' S., 
Hour-angle, 4‘'45"': required the Alt.. 

8°4 and M 104*9, N 4*1 

i** 15'“ and Dist. 100 Dep. 32*2 
{coni, name), 28*1 
Dist. 105 and Dep. 28*1 give Co. 15°^ 
the Alt. 

Ex. 2. Lat. 47° 3' N., decl. 22° 37' N,, 
Hour-angle, 6*^ 50'". 

22"^ and 47°, M 158*7, N 44*4 
oh and 100 Dep. 21*6 

{diff.) 22*8 
159 and Dep. 22*8 give Alt. 8°. 


Ex. 3 . Lat. 56°5 o'N., decl. 56° lo'N., 
Hour-angle, 3** 5*“. 

56° and 57°, M 328*3, N 228*3 
2** 55*“ and 100. Dep. 69*0 

(«Mm) 297*3 

164*1 and 148*6 give Alt. 65°. 


Ex. 4 . Lat. 22° S., decl. 3° N., Hour- 
angle, 2'‘ 15™. 

3° and 22°, M io8*o, N 2*1 
3'' 45“ 8^-9 

{diff.) 8o-8 

Alt. 49®. 


When the lat. or decl. is 0, N is 0, and the Dep. taken as Def., with M 
as Dist. gives the course. When both lat. and decl. are 0, the alt, is tlie 
compl. of the hour-anglo in arc. 

(8.) To find the Azimuth, the Altitude being given. No. 673. 

With the lat. and alt. take out M and N. With the decl. as course, and 
M as Dist., find the Dep. 

When the lat. and dccl. are of contrary names, take the sum of this Dep. 
and N ; when of the same name, their difference. 

With the dist. 100, and this sum or diff. as D. Lat., find the course, 
which is the azimuth required. 

When the lat. and decl. are of contrary names, this azimuth is to be 
reckoned from the S. in N. lat. and from the N. in S. lat. When they are 
of the same name, — wlien the Dep, is less than N, reckon the azimuth from 
the S. in N. lat., and from the N. in S. lat.; when the dep. is greater than 
N, reckon the azimuth from the elevated pole, or from the N. in N. lat. 

The azimuth is reckoned E. or W. as the celestial body is to the E. or W 
of the merid. at the time proposed. 
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Ex. 1. Lat. io° S., alt. 58° 40' to E-d., Ex. 2 . Lat. 51® 30' N., alt. of Aroturos 

iecl. 14° 24.' N. {contrary names). 40° 25' to W-d., decl. 20° j! N. {same name). 

10° and 58^1 M 195-8 N 29*0 5i°^and4o°^ M2ir2 N 107*3 

i4°i and 196 Dep. 49-0 20° and 211 Dep. 72*2 

{sum) 78-0 [diff.) 35-1 

TOO and D. Lat. 78*0 give 39°^, the 100 and D. Lat. 35*1 give 69"" or A ZIM- 

Azim. req., which (in S. lat.) is N. 39°^^ E. req., S. 69^ J W., as the Dep. is the lesser 

When the Lat. is 0, N is 0, and the Dep. itself becomes the 1). Lat., 
which, with Dist. 100, givfc*s the Course. 

When the Declin. is 0, the Dep. is 0, and N becomes the D. Lat., which, 
with Dist. 100, gives the Course. 

Ex. 3. Lat. o, declin. 21® N., alt. 61*^. Ex. 4. Lat. 48° S., decl. o, alt. 34°. 

Lat. o and 61 M 206*3 N o 48*^ and 34° M 180*3 N 74-9 

21 and 206*3 Dep. 73*8 o and 180*3 Dep. o 

100 and D. Lat. 73*8 give 42°^, the 100 and 74*9 give Course 41°^ Oie 

Azimuth. Azimuth. 

To compute M and N.* For M, add together the log. secants of the 
given arcs, add 2 to the index, and reject the t(‘ns ; the sum is the log. of M- 
For N, add together the log. tangents, and proceed as for M. 

Ex. Find M and N for 15” 40' and 69° 1 1'. ^ 

15° 40' log. sec. 0*01644 log. tan. 9*44787 

69 II log. sec. 0-44931 log. tan. 0*41999 

M 292*2 log. 2*46575 N 73*8 log. 1*86786 

Table 6. Meridional Parts. 

These are the number of minutes corresponding to each degree and 
minute of lat. on Mercato»'*s chart. For ex., the mer. parts to lat. 39° 12^ 
are 2560. t 

The mer. parts are given to each minute of latitude as far as 78°. 

To compute a Term., Add 4.5° to half the latitude, and take out the log. 
tan. of this sum (rejecting 10), take away the decimal mark. 

The process may now be completed arithmcticitUf/^ thus : — Complete this 
number to 7 figures by annexing ciphers, or, if the index is 11, to 8 figures, 
and multiply by 0-00079 1,57. 

But it is more convenient to use logs. Consider the log. tan. thus pre- 
pared, as a natural number, and take out its logarithm. When the lat. is 
less than 13° 6' prefix the index .5, when between 13° 6' and 78° 34' 44" 
prefix 6, and when above this last, 7. Add the const, log. 6*898489 ; the 
sum is the log. of the mer. parts. 

* By the plane Traverse Table. With the greater arc as a course, and D. Lat. 100, take 
out the Dist. and Dep. With the other arc a» course, and the said Dist. as D. Lat., take out 
the Dist.; this is M. With the said Dep. as D. Lat. take out the Dep.; this is N. 

When the D. Lat. 100 is not found exactly, take out the Dist. and Dep. for the next less, 
and add the Dist. due to the defect from 100. 

Ex. Find M and N to 20° and 42°. The Course 42° and D. Lat. 100 give Dist. 134*6, 
and Dep. 90*0. Then 20° and D. Lat. 134*6, give the Dist. or M 143*2, and the D. Lat. 90 
gives Dep. or N 32*8, 

XU the methods by Inspection may thus be effected by the plane Traverse Table, 
t j nearest unit is, of course, enough in navigation. In the construction of charts 
may be necessary, and recourse may be had to Dr. Inman’s, or Mendoza Rios’9 
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Ex. 1 . Find the Mer. Fts. for the Lat. 
») 3 ° > 9 * 

^5 394 1 46039'J log. tan. io-o»5i5+ 

Arithmetically. Annexing 2 ciphers gives 
*515400, which multiply by 0*00079157 = 
199*112. 

By logs. 2515 log. *400538 

4 70 

Index 5, 5*400608 

Const. 6*898489 
Mer. Fts. 199*11 log. 2*299097 


Ex. 2. Find the Mer. Parts fnr 

58° so' 

29 as 1 74° 25' 

45 J log. tan. 10*554565 

5545 log* •74390a 

6 47 

5 4 

Index 6, 6*743953 

Const. 6*898489 

Mer. Fts. 4389*77 log. 3*642442 

Ex. 3 . Find the Mer. Parts for the Lat. 
78° 36'. 

The log. tan. is 11*000812, the index 
prefixed 7, Mer. Parts 7922*13. 


The 6th figure, in using table.s to 6 places, will often be in error nearly 
1 ; hence the mer. parts may be in error nearly *01, or 1-lOOth of a mile, or 
nearly 60 ft. 


DEPARTURES. 

These Tables are used in the inetliods, chap. iv. p. 114. 

Tablk 7 . For finding the Distance of an Oiuect by two Hearings 
AND THE Distance run between them. 

The use of this Table is described in No. 350, p. 114. 

To compute a Term, To the log. sine ol* the ditference between the 
course and the 1st bearing, add the log. co.sec. of the ditf. between the 
difference of the course and the 1st bearing and tluit of the cour.se and 
the 2d bearing ; the sum (rejecting tens) is tlvo log. of tlie terra. 

Table 8 . True Depression of the Sea-IIorizon. 

This Table contains the Depression to each minute as far as 240, with its 
square, and the corresponding height in f(‘et. 

The Depression is the Distance of the visible horizon, No. 205. 

The Table may be also u.scful for reference, as containing the squares 
and square roots of several numbers. 

To compute a Term, Multiply the square root of the height in feet by 
1*063. Or, for greater precision, to the const, log. 6*49034, add half the 
log. of the height in feet ; the sum is the log. tangent (or log. sine nearly 
enough) of the depression.^ 

Approximately, the di.st. visible in miles i.s the square root of the height 
in feet, an accidental relation easy to remember. 


* As the low«r latitudes are more frecpiented by shipping than the higher, 40 ° has been 
assumed as tlie average latitude. Also, as the curvature of the earth is different on the prin>e 
vertical and on the meridian, the circle of curvature, crossing the meridian at 45 ° of aziiuut i, 
has been employed. The depression is accordingly computed to the radius 20 , 909.577 fee . 
which gives the length of the average nautical mile 0082 feet, nearly. 
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Ex. Find the True Depression for the height 107 feet. 

B7 Taole tj the S(|uare root of 107 is seen 
to be 10^, or 10*3 nearly. Long, of 107, 

Then 10*3 x i‘o63 =s 10*9, the Tr. Depr. Tr. Depr. 


Const. 6*4903 
2*0294, 1*0147 

11 ' o " sin. 7*5050 


Table 9. Number of Feet subtending an Angle of 1 . 

This Table gives, by simple proportion, the number of feet subtending 
an angle of any number of minutes and seconds within 3° or 4°, for any 
distance in nautical miles. It is very convenient for finding approximately 
the distance in miles of an object of given dimensions, as also the dimensions 
jf an object seen under a given angle at a given distance. 

The simplest way of using the Table is to find from the question the 
number of feet subtending 1'. 

Ex. 1 . The angular height of a mast-head, 138 feet high above the water-line of the 
vessel, and no horizon intervening, is 9' : required the Distance of the Vessel. 

138 -r 9 gives 15*3 feet, which subtends at nearly 9 miles, the Dist. required. 

Ex. 2 . The distance between two vertical lights is 60 feetj and the angle it subtends Is 
4 ; required the Distance of the Light-house. 

60-5-4 gives 15 feet for 1', and Dist. required miles. 

Ex. 3 . The length of a vessel from the stern to the jib-boom end is 198 feet, and she 
subtends (when seen exactly, or nearly, broadside on), 27' : required her Distance. 

198 -5-27 gives 7*3 feet to 1', and Dist. required 4 miles. 

Ex. 4 . A cliff distant 5I miles subtends a vertical angle of 39' (above the water or surf 
line) ; required its Height. 

At 5 J miles 9*72 feet subtend 1', and 39 x 9*72, 379 feet, the Height required. 

The number of feet in the Table corresponds nearly to the number of 
miles increased by of itself ; thus, 8 miles gives 14 ft et. 

To compute a Term. To tne log. of the dist. in feet, add 30103 (the log. 
of 2) and the log, tan. of half the angle proposed (here T) : the suiu is the 
log. of the term required. 


Table 10. Maritime Positions. 

Order of Places. The ])laces follow each other in their order along the 
coasts, except where it is coiiveiiieut to pass to an island or shoal adjoining, 
after which the coast is again continued. 

The Geographical Index at p. 879 removes the difficulty which would 
otherwise be experienced in searching for a particular place under any 
arrangement whatever of islands irregularly placed in the ocean. 

Names in the Side Columns. The names of countries and seas inserted 
nt the side of each column are intended merely to assist the forming of a 
general idea of the contents of the pnge, and are nut to he considered as 
accurately defining geographical or political divisions. 

Mountains. Mountains visible from the sea are inserted, as convenient 
for taking departures, and for the examination of the compass. The heights 
summits (to the tops of trees) are given in feet; when the height is con- 
siderable, and not accurately known, the distance in leagues^ at which it is 
'visible, is jgiven instead of the height. The height may on many occasions 
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be the means of identifying the land.* When the height precedes the 
point of which the position is given, it applies to the summit of the island 
or cape. 

Lights, The descriptions of lighthouses are in most cases given. In 
the case of two lights, the height, and also the position, relate to the 
highest. See also p. 387. 

Heights, All the heights are reckoned from high water ^ in order to 
throw the error du(3 to a diilhrence in the height of the tide on the safe side. 
For ex., a light 120 feet above high water, seen at a certain (angular) 
altitude, places the ship 2 miles off. Now, at any other time of tide, the 
height exceeds 120 feet, and, in order to view it under the same angle, the 
ship must be more than 2 miles off; that is, the ship is really further off 
than is supposed, which is as it should be. 

Secondary Meridians, These are the places in small capitals. See 
p. 380. 

Latitudes and Longitudes, The Latitudes of ports are given to the 
neare.st tenth of 1'; that i.s, to 6". The error due to this manner of 
notation cannot exceed 3", which is a quantity not worth dispute, except 
in fixed observatories. 

The Longitudes of ports are given to those tenths only of 1' which cor- 
respond to the nearest second of time, 'J'liese are ’20, *5, and ’To ; the. 
•05 being dropped, *2 stands for 1“* (or 15"), *5 for 2** (or 30'^), and *7 
for 3*^ (or 45"); that is, the seconds of time are, in round numbers, half 
the number of tenths: thus, 27^*2 is read 27' 15", or l‘"48'' and V, or r"4j)\ 
The 2 and 7 used thus are distinguished by a <lot below, lly this slight 
change in the notation, we are enabhal to employ at onc(^ the dilf. long 
as deduced by the Traver.so Tabhi in miniih'S of arcs and Pmth.^, while wo 
preserve tliC utmost precision that can ever be required in practic(‘.| 

As 1' of long, is d'" of time, the error of neglecting the seconds in the 
longitude cannot exceed 2\ 

The omission of the tenth.s in the longitude, when those of the latitude 
arc given, implies that such longitude is not w(‘ll determined. Tiie tenths 
of V noted in several longitudes do not, however, always imply precisely 
tliis degree of accuracy in the position, but serve to indicate stations to 
which the longitudes of place.s, jiot very diistant, may conveniently be 
referred. 

The positions of headlands, which are gfuna'aHy pas.sod at the distance of 
some haiguc-s, are given to the nearest minute only, in order to relieve the 
compulation from u.seless details. When llu; po.sition falls on a half min. it 
is marked i a min. to scaicard, to throw the error on the safe side. 

The position relates to the last-mentioned point (not in parentheses). 

Groups of Islands. All groups of islands, and all single islands, ro^ks, 
or shoals, recorded, are inserted. In many groups all the islands are noticed ; 
where this is not necessary, those marking the limits arc given. 

* It does not consist with the design of this volume to give rules for determining the 
height of the land from the ob.servation of its altitude with a sextant. But when the distiinee 
of the ship from the land is known, it will always be easy, by observing the altitude and 
assuming a height, to find whether the assumed height agrees or not with the know'H dis- 
tance, by means of the rules in chap. iv. p. 114, and tlms by a trial or two the true height will 
be obtained nearly.* As the height of the land is a very important element in navigation and 
maritime geography, seamen may render essential service by taking advantage of favourable 
oj>portunitie.s of determining heights in this w'ay. 

t Admiral W. F. W. Owen has employed this method of notation in his Table of latitudes 
And longitudes, as more convenient, in aeiual navigation, than that of seconds. 
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Submarine Volcanoes. Between the lats. 7° N. 1° S., and long. 16° and 
24° W., several ships liave mot with ashes or experienced shocks. Krusen- 
gtern, on May 9th, 1806, saw, in 2° 43' S. 20° 33' W., a column of smoke, 
which shot up at intervals. There is little doubt, therefore, that the region 
iS volcanic ; and though Capt. Wickham, in II.M.S. Beagle, found no 
bottom at 190 fathoms in 1° 5.5' S., 23° W., it is not unlikely that a shoal 
may at some time appear, and on this account the attention of seamen is 
directed to this region in column (42). 

It may be remarked here, that land suddenly thrown up has quickly 
sunk again. 

Orthography, In the names of places, of which the native alphabet does 
not correspond to ours, or where the language is unwritten, the reader must 
expect some trifling inconsistencies, owing partly to our own irregular 
orthography. We have followed chiefly the Hydrographic Office, which 
employs the Italian vowels, with some modification. Thus, a as in father., 
ai as i (English) in shine ; au as ow (English) in cow (Dutch ow); e as a 
(English) in face; u (or ou in some cases) as oo (English) in fool, or u in 
sure (French ou, Dutch oe). V ov ex,, Apia, pronounced Ah-pce-a; Miticro, 
pronounced Mee-tee-air-o ; Manna, pronounced Man-oo-a, not Manyua 
Cook’s “ Whytootackie ” is spelt Aitutaki, as by tiie missionaries, who, 
wherever they have instructed the Pacific islanders in writing, ha\’% wisely 
given them the Italian vowels. Some names we j)reserve in forms already 
known to our seamen, as Nareenda, Toofooa (pronounced Narinda, Tonfoua), 
X'C., as also Otaheite ( Tahiti), in which the o is not, however, absolutely 
erroneous. 

We have sometimes marked the pronunciation by an accent, as Battanta, 
Galapagos, Tongatabou, &c. 

It must, however, always be borne in mind that each different people 
calls the same place by different names ; this accounts for the discrepancies 
in names given to numerous islands. 

Notation and Details, Everything in parentheses is additional informa- 
tion (to be explained under the Symbols), but which does not relate to the 
position. 


Ex. Col. (SD 4, C. Xyli (pk. 1040 f., X 1' *5) . . . denotes that there is a pk., &c., 
hut the position is of C. Xyli. 

C. Mussendom (N pt. of Id. [2 m.]), denotes C. M— is the N pt. of an Id., &c. 

Pt. Sipanp^, a r1c (rks. 5 m.), . . . denotes a rk. (awash) off Pt, S — , and rks. also 5 m. out, 
but the position is that of the rock close off. 

In regard to details there is probably much to correct, in consequence of 
the conflicting statements of navigators. One says that Maitia Island is 4.] 
niiles long, another \\ ; and other cases might be quoted. Still greater dis- 
crepancies naturally occur in heights : Marion and Crozet, in 1772, con- 
sidered Mount F)ginont in New Zealand about as high as Pico in the Azores; 
hoster (Cook’s Voyages) made it 14,760 feet; one of M. Bellinghausen’s 
officers, M. Zavodovski, made it 9947 feet ; another, M. (now Admiral) 
Bazarev, 8232 feet.* The remark-book of one of II. M. ships exhibits 
two different observations on the same day, which give 5097 feet and 6652. 
Such discrepancies baffle criticism. Appearances also change with time, 
^nd hence another source of discrepancy. It is perhaps due to this, that 


* “ Voyages of Discovery in the Southern Icy Ocean, in the Russian Imperial ships Mirny 
and Vostok, 1819.^* This work unfortunately does not seem to have been translated. The 
etiUion quoted is dated St. Petersburgh, 1820. 
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Amargura is described in the remark-book of H.M.Sr Favourite, in 1842j 
as “covered, or nearly so, with shrubs and some cocoan ut- trees while 
Sir E. Home, who saw it in 1846, describes it as without trees. Again, 
Capt. Harnett acquaints me that for some years past an insect has 
been destroying the cocoanut-trees in the West Indies, which have, in 
consequence, disappeared from many places formerly well planted with 
them. 

That the natives of uncivilised countries should receive different cha- 
racters at different hands is, of course, to be expected. A savage is a 
very different kind of person within range of a heavy battery of cannon and 
as the irresponsible master of a iielpless stranger. The character, also, of 
uncivilised people changes rapidl 5 ^ The natives of the Samoa islands, since 
-heir conversion to Christianity, have become mild and humane. On the 
other hand, the Pelew islanders seem to have lost, in little more than a 
generation, their former amiable character, ami to have become ferocious 
savages. D’Entrecasteaux, who commanded the first expedition sent in 
, 1792 to discover the fate of the unfortunate La Perouse, fouJti the conduct 
of the natives of Balade altogether different from what he had expected from 
the favourable description given of thorn by Cook. 

The seaman must draw no conclusions from the absence of details ; he is 
not, for example, to infer that a place is safe merely because it is not marked 
dangerous. 

Uses of the Table. This table has, in navigation, two applications : 1st, 
it furnishes points of departure in leaving and in making the land, under 
which head are included, also, islands made in passages, and dangers to be 
avoided in shaping the course ; 2d, it gives the positions of ports and 
anchorages for the more complete regulation of the chronometer. Places, 
therefore, not belonging to one or the other of these two classes are un- 
necessary, because, in such circumstances, generally, the ship is either in 
pilot-water, or is navigated by the chart alone. 

Lights, however, are inserted in greater number, because a ship in 
a fog may pass an outer light unseen, and learn her position from an 
inner one. 

Additional. A list is annexed of 380 places at which Ships Stores of 
some kind may be obtained, exclusive of water or refreshments (already 
provided for by symbol). Tiie list is at present very imperfect. 


1. Arrangement of the Positions. 

It is proper here to describe the principles on which this table has been 
constructed, and to which allusion was made in the preface to the first 
edition. 

It will be admitted, as romarKcd (pref. p. viii.), that the relative positions 
of places are of much greatiT corihO(|U(‘Uce in navigation than their absolute 
positions. For no astronomical observations taken at sea can be implicitly 
depended upon within several minutes of long., and the chronometer, in con- 
sequence of not preserving exactly the same rate, cease.s, after some days, to 
afford the true longitude of the ship. Since, therefore, the absolute longi- 
tude of the ship herself cannot be determined udth certainty, the knowledge 
of the precise longitude of any position, as a rock, or a shoal, which she may 
be near, is but of little service. But, on the other hand, a tolerably 
account of the ship's change of place, in short intervals of time, is afforded 
by a chronometer even of inferior quality, and hence it becomes of para* 
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mount importance that the places which the navigator employs as points of 
departure should be rightly placed with respect to each other, whether they 
are in their true positions or not. 

Previously to Cook’s voyages, which may be considered as the com- 
mencement of modern hydrography, the only method (besides the rude and 
imperfect determination of the ship’s run) of obtaining the longitude of every 
new land made, was the lunar observation. But as that method, from its 
inaccuracy, fails altogether in exhibiting truly relative positions (No. 1008) 
chronometers were employed in combining together the results of observa- 
tions taken at different places, of which numerous instances are recorded by 
liorsburgh in his East India Directory. Since, however, the observations 
made at two places are not in general equally good, this method of com- 
bining observations with chronoinetric differences has the disadvantage of 
impairing the better determination of the two, and in consequence throws a 
difficulty over the connexion of either of them with a third place better 
known. Succeeding navigators, proceeding in the same way, have obtained 
other results of observation, and other chronometric dilierences ; and, in 
consequence, the hydrographer who has not the means afforded him of in- 
stituting a critical examination of the several positions, or of their connexion 
with each other, is driven to the necessity of taking a mean between each 
new result and those adopted from former navigators, and thus the^ whole 
mass of positions is kept in a state of perpetual tiuctuation, from which it is 
impossible that universal precision can ever be obtained. 

In marine surveys, again, different meridians have been assumed, and 
different longitudes of the same meridian. In some cases the long, of the 
meridian assumed has not been given ; in others, the meridian itself has not 
been specified at all. 

If, however, instead of thus throwing open the discussion of every ])lac(^ 
at each new voyage of discovery or surveying expedition, and unsettling all 
that had previously been done, without any assurance that the new seri(!S of 
positions '.vould not in its turn bo unsettled again, navigators and hydro- 
graphers would agree to consider, for the time being only, certain important 
stations, as al»'eady established in longitude, whether really so or not, with 
the view of referring all the subordinate positions to them, the indistinctness 
which now hangs over absolute and relative position would be forthwith 
cleared up. The question would be narrowed into the determination of 
chronoinetric differences alone, until favourable opportunity occurred for the 
definitive determination of a fundamental position. Accurate chronometric 
measures would be no longer lost to the world by being merged in the 
uncertain results of a few astronomical observations; and the labours of each 
navigator would always maintain their proper value, instead of being set 
aside, as they must inevitably be, on the appearance of a new survey, in 
which the data are exhibited in a distinct form. The works of difi'erent 
navigators, and of the navigators of different countries, could be brought 
into immediate comparison, a task which is at present often difficult and 
unsatisfactory, if not impossible. The labours of the hydrographer would 
be materially simplified ; and as the points to which inquiry should next be 
directed would, by this system, be distinctly brought into view, the whole 
subject would advance steadily to its ultimate perfection. 

The following instances may be cited in illustration; — The long, of Rio 
de Janeiro (Fort Villagagnan) has been by some stated to be 43*^ 15', by 
ethers 43^ 9', while both parties have adopted 56*^ 13' as the long, of Monte 
Video (Rat Island). Now the true D. Long, of these places is 18*, 
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probably within 1® or 2^, certainly within 4® ; but the diff. of 43® 15' and 
o6° 13' is 51™ 52®, or an error is admitted on one side of 26® in a run of 
about 10 days. Again, the long, of Arnbaina was adopted differently by 
different authorities, who agreed, nevertheless, very nearly at Pulo Pisang,* 
(120® 4r.J), only 200 miles distant. Had attention been earlier directed 
to differences of longitude as measured from fundamental points, such in- 
consistencies would speedily have disappeared. 

Accordingly, it was proposed (Naut. Mag. 1839, On the longitudes of 
the principal maritime points of the globe) to adopt certain points under the 
name of Secondary Meridians^ this general term being used to distinguish 
them from the prime meridians, as Grreenwich, Paris, &c., from which the 
longitudes in the tables or on tiio charts must be reckoned. The number of 
stations employed in the arrangement is now 25, but this is altogether 
matter of convenience, and will vary with the progress of the subject. "f The 
points selected are so far distant from each other that the errors of their 
relative positions could not be easily discoverable by the ship’s chrono- 
meters ; and they must themselves depend on astronomical observations, of 
which it is important to remark, the number necessary for an unimpugnahLi 
determination appears to be very great. Tiic Secondary Meridians, with 
the districts for which they are intended generally to serve, and their 


adopted longitudes, are as follows: — 

1 . Funchal, Brit. Consul’s house (N. Atlantic, N.W. coast of Africa, 

Canaries, Ac.) i6® 54' 45'W. 

2 . Pai.eumo, Observatory (west portion of tlie Mediterranean) 13 21 9 K. 

3 . Milo, Summit of Mount Elias (Areliipelago) 24 23 8 E. 

4 . Constantinople, St. Sophia (Black Sea) 28 58 59 E. 

5 . St. Petershurgii, Pulkowa Obser. (Baltic, White and Black Seas) 30 19 40 E. 

C. Cape of Good Hope, Observatory (South Africa) 18 28 45 E. 

7 . Bombay, Ob.servatory (W. coast of India, Red Sea, Persian Gulf) . 72 48 4 E. 

H, Madras, Observatory ( India, and coasts eastwards) 80 14 19 E. 

9 . Hong Kong, Cathedral (China, coast and seas) 114 9 38 E. 

10 . Nagasaki, Mina^e point (Japan islands) 129 51 33 E. 

11. Batavia, Observatory (Java, islands and seas adjacent) 106 48 7 E. 

12 . Sydney, Fort Macquarie ( Australia) 151 14 o E. 

13 . Port Nicholson, Wellington, Pipitea point (New Zealand) 174 47 53 E. 

14 . Otaheite, Pt. Venus, Extreme (South Pacific Ocean ) 149 29 o W. 

15 . Sandwich Isj^ands, Honolulu, King’s Cottage (North Pacific) ... 157 51 o W. 

16 . E.shutmat.t llARnouji, Duntze Head (Vancouver I. and British 

Columbia) 123 26 45 W. 

17 . San Francisco, Fort point Lighthouse, S. side of entr. (California) 122 27 38 W. 

18 . Panama, N.E. Bastion (Mexico and Ecuador) 19 ^ W. 

19 . Valparaiso, Fort St. Antonio (W. coast of S. America) 71 38 o W. 

20 . Magellan Strait, Sandy point boathouse (Magellan Strait and 

W. coast Patagonia) 70 53 37 W. 

21 . Rio de Janeiro, Fort Villagagnon (E. coast of S. America) 43 9 o W. 

22. Havana, M->ro lighthouse (West Indies, &c.) 82 22 4 W. 

23 . Boston, Cambridge Ob.servatory (United States N. America) 71 7 39 

24 . Halifax, Observatory, Dockyard (British N. America and Canada) 63 35 10 W. 

25 . Newfoundland, St. John’s, Chain-rock battery (Newfoundland 

and Labrador) 52 40 47 


* Verzameling van Sterre en Zeevaartkundige Tafelen, &c., door Jacob Swart, te 
Amsterdam, 1841. 

t The number of Secondary Meridians in the 1st and 2d editions was 18 ; some of them 
bave also uudergoiie correction since. 
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In the dwcussions in the Naut. Mag., on which the Table is founded, the 
astronomical or absolute evidence for each place is kept entirely <listinct from 
the or chronornetrical, and each portion of the evidence, accompanied 

ivith the necessary details when they could be obtained, is placed in chro- 
nological order. By this arrangement the connexion betwe^en the several 
places is made apparent, an estimate of the value of each determination may 
be formed, new evidence is admitted without confusion, and correction may 
be carried out to any extent while proper regard to consistency is preserved. 

The method of surveying by means of chronometers alone, to the ex- 
clusion of astronomical observation, has already been extensively adopted, as 
in Captain Smyth’s surveys in the Mediterranean, — in Captain W. F. W. 
Owen’s surveys of the vast extent of coast from Sierra Leone to C. Guar- 
dafui, with the island of Madagascar, and some others in the Indian Ocean, — 
in Captain Fitzroy’s surveys of South America, and in others now in pro- 
gress; the principle, therefore, is not advanet^d as new; but, in thus stating 
at length the system on which 1 have arranged tins Table, I have endea- 
voured to urge the necessity of making, in th(‘ pr(‘sent state of hydrography, 
the astronomical determination a totally separate consideration, and to suggest 
the advantage of a common recognition of fundamental points. 

[1.] Symbols denoting the Values of the Determinations. ^ 

The symbols -o G ® © attacluMl to certain places, indicate the degree of 
precision with which their positions are snpj)o.sed to bo known. 

The circle represents the horizon of the place ; the line thus — a pa 
rallel of latitude ; and the line thus | a meridian. Accordingly, the meaning 
of the symbols, generally, is as follows: — 

1. O implies undetermined either in lat. or long. 

2. 0 implies determined in latitude only, or the longitude wanting. 

3. © implies determined in longitude^ or the latitude wanting. 

4 . © implies determined both in latitude and longitude. 

A dot under the o implies aggravated uncertainty. 

As very few places are determined in the strict sense of the word, while, 
on the other hand, no known place can be said to be absolut(‘ly undeter^ 
mined, the sense attached to these two words must be defined by the pur- 
poses which the symbols are intended to serve in hydrography or in the 
navigation of a ship. 

The different degrees of determination are indicated by the position of 
ihe symbol. 

L The symbol o denotes a doubt (»f not less than 2’ of lat., or some- 
what more of long. It is affixed to the Flannen Islands, which Capt. Vidal 
“thinks are several miles to the northward of their position on the charts” 
(Naut. Mag. 1842). It is used when the authorities differ from each other, 
nr themselves : thus Capt. W. F. VV. Owen places Cape Nun in 28° 4F N., 
and Lieut. Arlett in 28° 46', the long, not being well known. As a discre- 
pancy of this kind may arise* from the observer having observed different 
points of the headland, the symbol is often used when the precise point of 
observation is not specified ; thus the Royal Bishop bank is stated by Hors- 
10 *?^ to be 40'^ W. of Pulo Sapata, and the S. pt. (of the same bank) as 

rp of Pulo Condorc, but the given lats. differ 8'. 

Lbe symbol is also used with positions depending on a ship’s run ; thu« 
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Horsburgh gives the position of Ceicer de Mer as S. 87° E., 41 miles from 
Ceicer da Terra, which may be far from exact. 

This symbol has also been used in determinations by a single authoriiy 
not specially employed in surveying. This is a mere matter of caution, anU 
no reflection on the navigators to whom we are indebted for the positions, as 
will appear when we consider that Horsburgh found a discrepancy among 
the best authorities, which he could not reconcile, amounting to 9' in tin. 
latitude of so conspicuous and familiar a landmark as the peak of Cracatoa 
in the Straits of Sunda. 

This symbol placed after the name in the side column denotes that the 
district generally is imperfectly known, as the Nicobar Is. 

2. The symbol e indicates the latitude well enough determined for ordi 
nary purposes, but the longitude defective. It occurs frequently. 

3. The symbol 0 occurs rarely. 

4. The symbol © after the name of a point, implies a tolerably precise 
determination. 

It would have been prefixed to Pulo Aor, but this island is 2 miles from 
E. to W., and the precise point of observation is not specified. 

When placed after the name in the side column, it implies trigonometrical 
survey, subject to future, though probably small, correction ; as, for ex. 
parts of our own coasts, the coast of Holland, Iceland, Greece, Ital}^ India, 
Corsica, K, St. Lawrence, Massachusetts, Rhode I., &c. 

When placed before the name in the side column, it denotes final deter- 
mination. The coasts so distinguished are part of our own, and it should 
have been attached to France. The survey being in progress on the coasts 
of Ireland, tlu^se may be expected to undergo some correction. The mark 
is not prefixed to Holland, since, according to M. Daussy (Conn, des Terns, 
1843), there appears to bo a discrepancy of 3" in the latitudes, arising, as 
he supposes, from a slight difference in the eccentricity adopted in tin* 
elliptical meridian. 

This final characteristic cannot obviously be applied until the secondary 
meridian is unalterably fixed ; it does not, therefore, precede Italy, Greece, 
01 India.* 

When no symbol is attached either to the district or to the points of the 
coast, it is implied that we are not in possession of such additional evidence 
as might serve to form a definite opinion on the accuracy of the several 
points. 

The Secondary Meridians take no symbol, since, though not all finally 
determined, they are assumed as the leading points of the arrangement. 

2. Description- Symbols, 

The importance of abbreviations and symbols in saving time in writing 
is so generally felt that most persons who write much, habitually employ 

* The attention of seamen is particularly called to the considerations in the text, hy 
having distinctions established, in the Table, between norrect and uncertain positions, tlie 
navigator will have his circumspection awakened on approaching land of doubtful situation, 
and on leaving it again he will be enabled to avoid errors or perplexity in his reckoning 
consequent on adopting an erroneous point of departure. , 

It is also hoped that a further important end will be answered by the use of the symbo l 
and that intelligent individuals, thus made .aware of the deficiencies or errors of the char 
and tables, will, for the benefit of navigation and hydrography, avail themselves of oppo 
tunities to determine or verify doubtful positions. 
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(jcrtain signs, intelligible to themselves, to save the tedious repetition ot liie 
same letters and syllables. 

Suitable and expressive symbols are, however, not merely a convenience 
to the writer, but afford, in general, the advantages of distinctness, explicit- 
ness, and economy of time to the reader, together with another of still 
greater consequence, namely, certainty. This last assertion wilt not, per- 
haps, be so generally assented to as the former, but the truth of it is easilj' 
established. For example, a seaman in any particular part of the world 
opens a book to learn where he may find a good ariehorage. His eye ria- 
turally looks for the word “ anchorage^’ or “ anchor,” as it would for a sign 
or symbol. Having found the word, he is then obliged to read the entire 
sentence which contains it, in order thoroughly to comprehend the meaning; 
since, without a clear understanding of all that is said about anchorage, it is 
not safe to act. Now this sentence, though it relates, as we suppose, in 
some way to anchorage, may not contain at all the information that ho 
requires; it may, for example, allude to some ship having partially or un- 
successfully searched for an anchorage, or it may merely intimate that no 
good anchorage has been found between some place in the neighbourhood 
and another more distant. Moreover, it is often dilTieiilt, from the arrange- 
numt of the matter, to know the precise point the account refers to, without 
reading back. If, on tlui contrary, the reader’s eye catches the symbol 4^, 
or this symbol so modified as to express with clearness “ no anchora'^e,” or 
“ good anchorage,” or “ bad anchorage,” or “ anchorage at times only,” or 
confined to a small space,” his work is done at once ; he seizes in an 
instant the information that is given, and his mind is altogether unembar- 
rassed by circumstances of narration, or the consideration of suppositions, 
inferences, and conditions, which often tend to obscure language in full 
developement. 

There are numerous other matters which, on like grounds, demand con- 
spicuous indication ; such as the dimensions of islands and shoals ; the leading 
particulars of dangers ; the character and app(‘ararice of land, for the pur- 
pose of distinguishing one point from another; the class of vessels to which 
a harbour is adapted; channels; landing-places; as also notice of water, 
refreshments, and fuel, 

But besides the men* notice or indication, it is often no less necessary tc 
denote quality^ or character, as good or bad ; thus the seaman shoidd know 
whether the inhabitants of a place he may visit an^ likely to assist his wants 
or to massacre his crew' ; that is, whether the character of the people is 
friendly or hostile. 

I'hc consideration of quantity has a powerful influence on the indications 
of language. One place has some trees upon it ; another is well wooded ; 
another densely wooded. It is entirely by increase of quantity that we pass 
from trees to wood, and from wood to forest. In like manner, it is no less 
file abundance than the superior quality of the w ater, refreshments, &c. that 
determine the selection of the place at which to obtain supplies. 

The following cases exemplify the great conciseness of expression and 
clearness of symbols which may be considered as appropriate. 

A harbour for smaller sized vessels {i. e. of which the depth is not always so much as 
3 fathoms) having 18 feet water at high water, and 6 feet at low w'ater, spring tides. 

The symbols represent twenty words, in the space of two or three letters, 
besides indicating the rise, of the tide, which is found by subtracting the 
iower depth from the upper. 
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ESJ** A harbour (as abovo), having 18 feet at high water, and dry at low water, spring tides 

These symbols represent eighteen words, 
w' Water, in abundance, and of good quality. 

•2P^4m. Lying North -north* east and South- south-west, and extending 4 miles. ^ 

The last symbols represent twelve words ; and the compass symbol 
exhibits to the eye, without reference to the names of the points, the two 
opposite quarters of the compass in which the line of direction is contained. 

The reader must bo distinctly informed that the symbols do not, in any 
way, interfere with the usual purposes of this Table, and therefore ho may, 
if he please, disregard them altogether. He will, however, never do wrong 
in taking any known sign in i^s usual sense, as tlioso symbols and abbre- 
viations which have come into general use are lierc adopted as the ground- 
work of the system. TJic seaman who may find some little difficulty in 
learning to read tliese signs at first, may wish that the information they 
contain was printed at greater length. Hut there is no room for this, as the 
Tables are already too bulky ; and it is only through th(j remarkable con- 
densation affoi’ded by the symbols that such information can be given at all. 
But when lie has once taken the trouble to learn the system, which he will 
find very easy, he will, on the contrary, be induced to prefer the short and 
concise, positive, and unmistakable symbol, to the tedious, indiscrimiiiative, 
and not seldom obscure process of language written at length. 

There is no doubt that proper symbols would be of great advantage to 
seamen in consulting books and tables ndating to Maritime Geography, and 
also Charts ; and wo shall now enter on tlie system of which the first steps 
occurred to me while preparing the second edition of this work in 18-11. 

[1.] General Rules for the Employment of the Symbols. 

1. An abbreviation, or an appropriate symbol, is assigned to each point 
of information ; as It. light; t anchorage; w water. 

2. A zero, or cipher, below, and to the riglit, denotes wo, or none; as \\ no 
water, to no anchorage. 

Note. — This zero is of as much consequence as tlie symbol itself, and is the only 
secondary or subordinate sign that is so. It may, at first sight, seem awkward to write 
the symbol, and then to destroy it, as it were, by the zero; but it is the necessary process 
of thought; when we wish to say “ no water," we necessarily direct the mind to us 

the subject, and then add that there is none of it. To leave out the symbol altogether would 
not express the privation ot‘ the thinyj but merely that we had nothing to say upon it. 

3. A sjuiibfjl inverted has its meaning reversed ; thus the boathook, |L 
landing, inverted, as p, would denote cmhttrhing. 

4. A hollow letter imjdies temporary or occasional, in opposition to tlio 
solid letter implying permanent ; thus F (after It.) dcJiotes a permanent fixed 
It.; F an occasional lixed It. 

5. The symbol repeated denotes the same thing at different places, or 
not everywhere; as anchorages, in certain places. 

6. A symbol followe d by the same with the zero sign denotes at times; 
as w^^ water at times (literally, water and no water). 

Note. — This is, in general, equivalent to the hollow letter above ; but all symbols cannot 
conveniently be printed in the hollow form. 


* Iri enjploying these signs it is essential that capitals and small letters should no* 

be Gout'ouaded. 
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[2.J Component Signs 

These are used only in conibiriatiun with others. 

1. The line — denotes tlui surface of Che sea ; everytliing above this is, 
accordingly, conceived as above the level of the sea, and below it, below that 
level ; as rk, a rk. always above the surface ; rk, a rk. always below the surface v 
i. e., sunken. 

A symbol between two sucli lines, that is, between two levels^ denotes 
as Such is, for example, (he Vrach, off Alderney, which shews 

only at low spring-tides. 

2. A line; thus | demotes vertical. 

B. The cross + , with a number denoting the point in the proper quarter, 
constitutes the (Compass Symbol, thus -f- denotes ENE, 

The cross with the N. pt. turned a little to the ri(/ht would denote mag- 
netic, as affected by J^asterly Variation ; turned to the left, as affected by 
Westerly Variation. 

4. A square, or oblong, implies enclosure, whether partial or total; as^, 
an anchorage enclosed, represents harbour. 

5. Brackets [ j imply within limits; as [^t] anchorage confined to a 
narrow or limited space ; [ 2 ] a shoal patch, with 2fms. on it, that is, 2fms. 
eonlined to a small spacci ; [f ] trees confine d to a small space, a clump^ 

When a letter dimoUng dimension (as c, f, m), with or without a number, 
and inserted in brackets, follows the word Id., or a term describing a danger, 
itindicat(3S extent; thus [Im], “within the limits of 1 mile,” that is, extending 
1 mile, [c] A cable’s length, or so, in extent. [3c] Thrtm cables in 
extent. 

[3.] Subsidiary Signs. 

These are the dots under, the apostrophes over, and the accents or letteni 
to the right of, tlie symbol. 

--The subordinate signs follow, and never precede, the symbol. 

They denote, 1st, Quantity ; and 2d, Variety. 

I. The quantity-signs are the dots and apostrophes. 

(1.) The (below) denotes p/c/z/'y, abundance; as w plenty of water. 
The dot has this acceptation in the weather-symbols, p. 134. Two dote 
denote a greater abuiidaiice, and three dots express the highest degree for 
which language has a term : thus T a tree or trees ; one dot would denote 
many trees ; wood (well wooded), and three dots would denote forest, or 
densely covered. 

(2.) The apostrophe (above) implies scarcity ; as w water not plentiful. 

This sign is adopted from its use in contraeti{)ns, as in such words as 
can’t; whence it becomes associated with the id(a of diminution. It is 
placed above in order still further to contrast with the j)lenty-sign or dot, 
■^nd to prevent the possibility of confounding one with the other, even in the 
case of almost total obliteration. Two apostrophes would denote great 
scarcity, and three, the almost entire absence of the thing indicated. 

II. The variety-signs are the letters, accents, or any other symbols as 
convenient, to the right of the symbol, and above or below it. 

(T) The most general of these is the accent, which denotes some 
variety of the thing symbolised : thus N, S, K, W, denoting the true 

OC 
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points of the compass, N', S', E', W', denote the magnetic points of th« 
compass.* 

(2.) In things having quality, that is, which may be good or bad, the 
accent is placed above to denote superior^ or good quality, as opposed to ir^ 
ferior or had quality, denoted by the a<!cent below ; as w' good water, w^ bad 
ditto ; 4;' good anchorage, ;i;^ bad ditto 

Two accents would denote the next, and three the highest, degree for 
which language has a term; as w" water very good, w"' ditto excellent; 

anchorage very baa, 4;^^^ the worst possible, or where a ship should anchor 
only in great distress. 

(3.) The letters used for these secondary distinctions must obviously 
take their signification from the thing symbolised, and likewise their position 
above or below ; as w“ river water, good ; or w,^ do. bad. 1\ people run 
(from ships), who are, generally, the worst cKaraetcrs 

As the subsidiary signs are independent of each other, any number of 
them may be employed at convenience ; as aV' water scarce, but good ; w, water 
scarce and bad ; w,, water by digging, in plenty, but very bad. 

The notation is thus comprised in a primary or class symbol, a quantity- 
sign, and a variety-sign. 

The vacant spaces foilowing the names of places being, by this plan, 
turned to account, much important information is inserted without increasing 
the .size of the volume. f It is also proper to observe that, as the signs 
represent ideas or things, and not words (with a few exceptions,) the system 
is independent of any particular language. 

The abbreviations and symbols used in the Table are, for reference, 
alphabetically arranged in the following 


General View. 


t (Anchor) Anchorage for large vessels. 

V good do. bad do. no do. 
X do. for smaller vessels. 

X' good do. X, bad do. 


SB Harbour for large vessels, or having 
always 3 fathoms watei’. 

S Harbour for smaller vessels, or having at 
times less than 3 fathouis. 


* A special notation for this purpose is much required. In Purdy’s “ Sailing Direc- 
tories,” both the magnetic and the true bearing are given in order, as ” the bearing and 
distance of the Capes Teiilada and Malfatan are E. ^ S. [7^. J N.'] 8 miles.” 

Here E. AT. refers to the true compass ; but this can only be known by referring to 
the notice at the beginning of the book, unless the reader is aware that the variation at 
the place is westerly. The italic letters are already required for those passages, in whichf 
from the importance of the remark, the whole sentence is italicised ; but the notation E' | S' 
presents every advantage which a notation should possess : it is perspicuous, unequi/oeal, 
concise in the extreme, and elegant. 

We must be careful to accent all the letters : thus N' E', not N E' ; for this last com- 
bining true N. and magnetic E., presents no idea which occurs in practice. 

A second accent denot- s, further, local deviation, as N"E", which shews, at once, that 
there are two corrections necessary to reduce it to true NE. This notation would remove 
much of the difficulty which often arises in endeavouring to combine bearings taken under 
different circumstances. 

This notation need not, from the nature of the case, appear in ships’ logs. 

t It is no part of, our design to enter all information which can be conveyed in symbols. 
A few leading points have been inserted where it seemed advisable ; the reader must refer io: 
otljpr details to the Sailing Directions, or to voyages. The symbols, however, will answer 
the ftirther purpose of affording the means of making extracts, or of taking notes, of certain 
pai ticulars, in a very small space, and in a very short time. 
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Hie depth at H.W. and L.W. springs is 
denoted by the figures annexed above 
and below. 

Ex. lSl‘j[*?,20ft.atH.W. andl2fl:. at low. 

Ex. 2. [id'o®, 16ft. at H.W. and dry at 
low water. When the depth at high 
water, of a harbour which dries at low 
water, is not known, it is expressed 
(for the present) by the letter n, im- 
plying some number not given ; ex. 
Stonehaven, Elo. 

Note. — In cases in which these details 
are not well known vacancies are left, 
which will be filled up on a future 
occasion. 

f Ball. 

^ l’^, Time ball dropped at 1 p.m. 

bk. Bank. 

B. Bay. 
bll. Bell. 

bl. blue. 
blk. black. 

^ Birds. As birds frequent some places in 
preference to others, they may afford 
a means of identification. 

I, (Boathook). — See Landing. 

Bold to. — See Component Signs, 1, 2. 
Brackets. — Sec Component Signs, 5. 

. Break, or breakers. 

/S/Sq do. at timea. 

Brushwood (a tree without a trunk), 
b Burn (or fuel), 

Qj] (fuel enclosed), a coal depot ; coaling 
station for steam-vessels. 

On some of the shores of the Polar Sea, 
and elsewhere, b denotes drift-wood. 
In some places jjeat,* as at New I. 
Falklands. Where trees or brush- 
wood occur, the symbol b is omitted, 
as, though many woods <io not burn 
when -green, fuel may be picked up 
in such places. 

C. Cape. 

Cath. Cathedral, 
c Cable’s length. 

I (Note of admiration, surprise), denotes 
Caution, or calls attention, asCmTcnt ! 
I| Channel, or passage, passages. 
l|l Several channels ; (| as, chan. withSSfms. ; 
II o no channel. 

At a river the symbol relates to the 
entrance. 

Chap. Chapel. 

Ch. Church. 

[0 Coal depot. 

^ Cocoa-nut tree, or trees ; [¥] a clump of 
cocoa-nut trees ; 2 [f ] two clumps 
do., and so on. 

Compass symbol. — See Compon. Signs, 3. 
crl. coral. 

• Banger, dangerous ; SS dangerous in dif- 
ferent places. 

j . danger) safe, 

u Days, 

Bepth of wat^. denoted by the no. under the 
mark , as T four fins. ; Tf, 3 feet. 


The depth is that at low water. The 
depth relates to the bar, where there 
is one. 

Distance is expressed in leagues, or miles ; 
as C. Lookout, rks. 1 1., implies 
rks. 1 league from the Cape ; 3 2m., 
dangerous 2 miles out; 3^ ^m., no 
danger, may be approached within 
^ a mile; 3^ ^c., safe at a cable 
distance ; 3 2 1. a danger NE. 

2 leagues. 

Dk. yd. Dockyard. 

Dry, or above water, — See Comp. Signs, 1. 

E East. E’ magnetic E. 

Entrance. — See Cliannel, 

extr. Extreme, extremity. 

P after a light, denotes that the flame has a 
fixed, not a changing appearance. — 
See It. 

IP denotes a It. (flame) of a fixed character, 
but only shewn occasionally. — See 
General Rules, No. 4, p. 384. 

FI. after a It. denotes flashes.— See It. 

11. Flag. 

fl. st. Flag -staff. 

Hd. Head. 
h High. 

ho. house. 

hum. hummock. 

1. Island. 

The compass-symbol after an island 
shews the direction, or /a//, of the 
longest diameter, and is followed by 
the length of this diameter in leagues, 
miles, or cables. 

Ex. 1. 3m denotes NNW. and SSE. 
(true), and extending 3 miles. 

Ex. 2. EW G] m. denotes lying E. and 
W. (true), extent O.J- miles. 

Note , — ^'These bearings are all TRUE. 

The bearing, thougli given to 2 points 
only, is near enough for the purposes 
riquired, as it can be in error only 
one pt. The distance is noted willi 
more or less precision, according to 
the case, and is not always to be 
taken as an exact measure. When 
the extent is very small, the bearing 
or direction is omitted ; as Rockal, 
[2c.],’ or 2 cables in extent. 

T after a light, denotes intermitting. — See It. 

Is. Islands. The compass-symbol and dis- 
tance following shew the extent and 
general direcition of the group, as de- 
scribed aoovc in Id. 

The number after Is. denotes the num- 
ber in the group, as Wallis Is. 9. 

[ Landing (a boathook, the hook to the 
ground) ; no landing ; landing 
at times ; [' good do. ; bad. 

I. Leagues. \\'hen a number of leagues fol- 
lows next to the name, it denotes the 
number of leagues the place is visible 
— as Tiger I. 17 1., denotes visible 17 
leagues. When the 1. stands next 
after a compass indication, it implies 
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of course a distance measured in the 
^iveti direction ; as Is. 51., islands 
NW 5 leagues. 

1 low. 

It. L'ght. (1.) The capital letter next after 
the light denotes the c/mraefer of t ha 
flamCy as F fixed, I intermittent, R 
revolving, FI. flashing or varied by 
occasional Hashes, or rapid change in 
the intensity. 

The small lei ter to the right, and above, 
this capital, denotes the colour of the 
flame — as F^ iixeil It. red. F-, fixed 
It. groan. R"L revolving rvhite and 
rad in succi -^rion. R'' once red, 
and tivice white in succession. F'"'", 
fixed red and white (that is, as seen 
from different points). When the It. 
is of a fet:ble description, as a har- 
bour It. the colour is marked below, 
as Fr. 2^ denotes Purple. 

(2.) The number of minutes or seconds, 
after a It. R, 1, or FI. denotes some- 
times the length of lime of the revo- 
lution its(‘lf, or at otiiers that of the 
mere appearance of the It.* as R 1"', 
revolving in 1 min. 

(3.) The number of feet (which stands 
the lust among the particulars of tlie 
light) denotes the height of the lan- 
tern or flame above high water. 
Where this is not known, the range 
in miles is inserted. 

When a It. stands on a sinnmit, the 
abbreviation sum. is inserltnl ; when, 
therefore, sum. docs not appear, the 
It.* however high, is usually, not on 
the summit. 

2 Its. (1.) The compass indication and no. 

of feet next after 2 Its., denote their 
bearing and dint, asunder —the spec- 
tator looking at them from the sea, 
thus, the Lizard Its., lying N 72'^E 
and IS72'^W, are seen in one, from a 
ship to the westward, or towards the 
ocean, in the direction N 72 E. 

Note. — These bearings are all TRUE, 
and they are intemled to afford a 
means of determining the state of 
the compass when the ship is in a 
line with the 2 Its. in one, as directed 
No. 254, p. 77. 


(2.) The heights of 2 vertical Its. arc 
sometimes for conciseness expressed 
thus, F§ff. 

(3.) The position given is that of tha 
highest It. which, on thi.s account, is 
usually jflaced last.f 
It. V. liglit-vesscl. 

(1.) Tlie name in commas, as “ Nore,*’ 
are those painted on ihe vessels’ sides. 
The commas imply quotation, as usual. 

Note. — A vessel with Iut name on her 
side of course speaks for herself; tlie 
insertion of these names in the Tabic 
ih inteiuh-d to meet the case of falling 
in with a It. v. whose name is not so 
painted. 

(2.) The compass indication next after 
the name, as E-d, SlV-d, &c., de- 
notes the hide of the danger on wliic^h 
the v(>ssi‘l lies, and shews therefore 
the direction to be taken to avoid it, 
by a ship coining suddenly upon the 
It. V. in a fog. 

(3.) The number under a line denotes 
the depth of water in which the It. v. 
is moored. 

In general tliis is noted to the 
nearest fathom. 

After these tlircc particulars of the vessel 
herself, follows the description of her 
It. or Its. as given above, and then 
the symbol of a ball, 2 or 3 if 
she carries them ; and in certain eases 
the abbreviation bll. for bell, and the 
woril gong. 

Ex. Nore ’’ It. v. B-d., F 33f. f gong. 

The Noro light vessel, having her uume 
painted on her sides, ties to the lilast- 
ward of the danger, moored in -3 
fathoms, shews a fixed It. 33 ft. high, 
carries a ball and a gong, 
rn. miles. 

After a shoal or danger, denotes the dis- 
tance ; as rf. 3m., a reef 3 miles distant, 
mid. middle. 

Mk. or ink. mark, 
mo. mouth. 

Mt. mount. 

N North. N' magnetic N. 

T Palm-tree. 

( ) Parenthesis, contains extra or additional 
information. — See p. 377. 


* Most commonly it implies the time between one appearance and the next, whether the 
whole revolution has been completed or not. See remarks on lights, p. 389. 

•f* These details, thonch taken from authority, are sometimes far from satisfactory. It 
not always certain whether the height has been measured from high water; the relative 
bearings of two lights are published to quarter points only ; we do not know when they weic 
observed, nor whether any pains were taken to guard against local magnetism ; and plans are 
not always to be had. Again, tlie accounts do not always, in this country, or in otners. 
agree with tlie plans^ Many errors, therefore, no doubt, exist in this Table, of which notice 
will be given, as usual, in the Nautical Magazine, on their discovery. ^ . . 

I need make no further apology for the incomplete and unequal state of the details 
Table than to remark that many of them have been attended with, very great trouble, and t m 
it the volume had been delayed until each point had received its fuil attention, and been carric 
through the entire system, it is difficult to sav when it would have appeared. 
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Passage. — See Channel. 

Patch. — See Compon. Signs, 5. 

Peiiins. Peninsula. 

P Peo{)Ic! — or peopled. 

Uninhabited. 

P' People of favourable character. 

P^ — of unfavourable do. 
pk. Peak. 

Pt, Point, being part of a name, as Hart 
land Pt. 
pt. point. 

R River. After a It. denotes revolving, 
r red. 

rf. Reef. 

rf, rf. always dry ; rf, rf. always co- 
vered ; rf, rf. awash. 

r Refreshmemts, that is, vegetables, fruit, 
and meat. 

As fish is often procurable where there 
are neither vegetation nor inliabit- 
ants, it is expressed by the seiiarate 
symbol r, denoting r under the water. 

^ Rising gradually. Rising in the 

middle, as I. Fuerte. 

rk. Rock. __ 

rk, dry ; rk, sunk(in ; rk, awash. 

The number imdtr a line, as 1 . , denotes 
the depth in fins, over a sunken rk. 
rks. Rocks ; a compass indication, with a 
number of miles or cables, denotes 
the extent, as described under Island, 
iky. rocky. 

S South. S' magnetic S. 

Saddle-shaped, as lluafo T., a valley — 
See Sloping, Rising, 
bd. Sand, or sandy. 

Thi.s quality is noticed occasionally, as 
sand often affords water, it is used in 


cleaning, and turtles lay their eggs lu 
sand. 

shl. Shoal. ' A compass indication with m, 

or c, denotes the extent See Island. 

The number under a line, standing next 
after shl. denotes the depth of water 
over the shoal, as Ridge « . 

Shoal patch. — See Compon. Signs, No. 5. 

Sloping downwards, as Goose Cape. 

I Sloping down to a blulf. 

-j- Sloping bottom, or change of soundings 
gradual, may be approached with 
safety by attention to the lead. 

Sig. st. Signal staff, or station. 

X Steep, or precipitous (not absolutely verti- 
cal). — See Component Signs, 1, 2. 
Note. — This is quite independent of 
A headland may be low yet precipitous. 

j Steep to. 

.St. Saint. 

Sta. Santa. 

'fel. Telegraph. 

^ Tree, trees ; [^] a clump of trees ; 2 ['^] 
two clumps ; 3 [f"] three clumps. 

^ well wooilcd. 

^ (A tree without a trunk), brushwood. 

Vert. Vertical. 

W \V est. VV' magnetic West. 

w Water (for drinking), 
w' good do., w, bad do. 
wj, no water, ww^ water at times. 

w do. (umler the surface) to be got by digging. 
'J’he bearing and dist. following the w 
point out the place with reference to 
the position given, as Koron w' N. 2m. 
denotes good water North 2m of 
Koron. 

I/;, tvh. white. 


The following o.xaiiiplos exhibit tin; method — 

Ex. 1, Island, 7m., h, SW s , w' r,, P^. An island li/ing NE and SW, 

extending 7 miles ; high ; no trees : no jiassage to the ensfmnrd ; a good anchorage on the 
-S'PT side in 8 fathoms ; when* u'nter, scarce, but good, is to be found, but no other refresh- 
ments ; \\\Q people of bod character. 

Ex. 2. Paddeway Ray, [am.] Tu, r, V,. A harbour for large vessels, extending 5 
miles, having 10 fathoms water ; refreshments to be had ; no dangers. 

Ex. 3. Shoal, Ini., rk. at NW end, , j, A shoal, lying WNW and ESE 
4 fniles : a rock always above water at the NW end, the occasional resort of birds, bold 
to, and no landing on it. 

Ex. 4. N. \Vatelier, small, (Omega Shis. E'bS' i\m., 5, j). N. Watch, Ike.., thj 
Omega shls. lie EbS magnetie, I’m., are tlangerous, and steep to. 

Ex. 5. Giiase or Kenn I., -|^ Hin. I, 7-, r, w, I\. Low, covered with tree.'^, or wooded, 
soundings gradual, refreslimeiits, water to be obtained by digging, people of bad character. 


3. Lujhts. 

The lights shown in lighthousos aro divided into two principal classes, 
Fixed and Variable. The fixed light maintains the same appearance ; the 
variable lights cliange, some alternating by slow dogrec\s between bright and 
dim, some flashing more or less suddenly, and others intermitting altogether. 
Colour is also employed partially as a means of distinction. Variable lights 
ftre distinguished from each other also by the diflerent intervals of time in 
''Inch the changes succeed each other.* 

* Seamen are generally content with the mere fac:t of revolution or intermission, and do 
ttot trouble themselves to me-asure the inteiwal. This, therefore, is an occasion on which K 
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It is to be borne in mind that every light which varies its lustre is 
liable, when seen from a distance, to become altogether invisible during the 
period of lesser brilliancy ; that is, a revolving light may seem to intermit. 
Also, elevated lights are often entirely obscured by clouds. 

As objects painted white frequently disappear in fog, while objects of a 
red colour remain visible, buildings serving for marks are often painted 
with red and white stripes, or bands. 

The lighthouse, or building, being useful as a guide by day, many 
lighthouses are accordingly painted in order to answer this second 
purpose. 

The introduction of terms relating solely to machinery, and having 
no specific relation to the appearance of the light, with which alone 
the seaman is eoncei-ncd, has, however, been allowed to destroy the 
prnctical character of the descriptions, and has led to deplorable confusion. 
Tlic Kullen light, for example, is described as ‘‘ revolving in 8 minutes,” 
8cc. ISow, suredy, it is not intended that a seaman, on the sudden clear- 
ing up of a fog on a dangerous coast at idgbl, is to devote eight miimtfm 

to making out a light ! But the fact is, this light exhibits changes 
of appearance in sliorter intervals ; and it is theac changes which will 
arrCvSt the seaman’s attention as soon as th(‘ light catches liis eye. Since, 
therefore, it is tlie shortest of the observed intervals which is of most 
consequence in a case in which no time is to bo lost, 1 have marked 

tliis light as K r,’", omitting all allusion to “8"’,” — a period wliieh is not 

only much too long for service, but which, according to tlie description, 
actually appears to liave nothing to mark it hut the recurrence of the same 
pliases. 

The necessity for inereasing the number of lights has rendered it very 
difficult to find means of distinction,* and this evil has been aggravated by 
the carelessness or pedantry of the descriptions, which arcs()nietini(*s such that 
it is scarc(‘ly possible to mak(5 out what they mean. Indeed, inst(*ad of h(‘ar- 
ing carefully in mind that the increasing niceties of distinction in the lights 
themselves demand, with greater urgeney than ever, all possible cl(*arness 
and simplicity of language, tlie compilers of these documents indulge a 
laxity of expression and a confusion of terms which would he ri‘preliensihl(3 
anywhere, but is altogether without excuse in the account of a light. For, 
as the object of a coast light is not merely purposes of a local nature, 


is very useful to be able to count seconds, for all persons do not carry seconds watches, and 
it is not always possible for the same person to hold the watch to a lamp and to see the light 
at the same instant. 

♦ It is not unlikely that a light may be found sufficiently powerful, by the addition of a 
proper reflector, to illuminate the clouds, and, in a luinter degree, the atmosphere itself, over 
a lighthouse. The pale light in which a distant town appears enveloped at night; the 
distinctness of the forms of the clouds over a large city, illuminated by its ordinary lamps; 
and the vivid glare diffused over the heavens by a fire ; shew tliat the atmosphere 
renders the reflc'ctod liglit visible at a considerable distance. It is mendy a question 
of intensity. If a sunbeam were admitted through a hole in the earth in a dark night, 
it would a})pear in the atmosphere as a column of astonishing splendour. As the light 
suggested would liave* a conical or shaft-like appearance, and would exhibit no flame, its 
proper designation would be a shaft-light. The shaft might, by the disposition of the 
refl otor, be ve rtical, or inclined seawards or landwards, or be kept in motion, and the 
effect, would be a great relief to the already exhausted resources for varying the appearance 
of liyhls:. 
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but also to remove, to vessels in the offing, the feeling of uncertainty as to 
their position, which is aggravated by the gloom and obscurity of the night, 
no care can be too great, no endeavour too strenuous, to establish the simplest 
and most uninistakeable means of idtmtiiication, and to avoid, or even to 
conceal, all allusion to extraneous matters, which, if they do not altogether 
mislead, must tend, by increasing the multiplicity of details, to perplex. 
And certainly if there is any kind of composition that should exact the 
severest attention to perspicuity, wlietber on account of the risk of life and 
the valuable interests involved, or of the slender attainments of the class of 
persons for whose use these documents are supposed to be written, it is the 
description of lights on a coast. 

We shall now give some examples in which these obvious and indis- 
pensable considerations have been utterly disrc'garded. 

The description of the Start Light (Orkneys) runs thus: — 

“ The light, Jtrilliant and fixed, is visible from every point of tin; compass. * ♦ * 

'The reflectors are made to revolve once in every two miimtcs, exhibiting light one minute 
and disappearing the next ; * * the light increases from darkness to full strength during 
one minute, and during the next declines in strength to total darkness.^' — (Sail. Directions 
for the N. Sea, 1848, p. 129.) 

This liglit is called fixed, but tlic account describes, in a clear and simple 
manner, a light of that appearance to which the term rcvolvinr/ is now almost 
universally applied; and this utter contradiction of terms is quietly allowed 
to exist, though it is known that the mistake of one light for another is fatal. 

The following description, from “ anthorit}^’' of the new light, or Faro, 
at Coruila, after stating “that a new eata-dioptric revolving apparatus of the 
third order,” is to replace the former light, goes on, — 

“ The light is fixed, varied by lustres;'' the fixed light visible 12, and the lustres 20 
miles. “ Within the 12 miles the Faro will exhibit the following aspects : — The fixed light 
faint for 107 seconds, cclip.se for 39 swonds, lustre 13 seconds, eclipse 30 seconds; the fixed 
liglit faint again returning. Beyond 12 miles the lustre will be seen only for the space of 
some 7 seconds duration, a complete eclipse following for 3 minutes, the period in which the 
revolution is effected, when the lustre will again appear as before," &c. 

We do not dwell on the inconvenience, not to say frequent impractica- 
bility, to a seaman, of verifying, watch in hand, ail these intervals of 107, 
39, 13, and 30 seconds, respectively, because we take it for granted that the 
application of these teasing details to actual service never entered the head 
of any person or persons ; nor, as the document is a mere translation, shall 
we be hard upon such phrases as “ a space of so much deration,'' to which 
most readers would prefer a more tangible equivalent. Had, however, this 
collision of the terms, “ fixed,” “ varied,” “ eclipse,” and fixed light faint 
again returning^' been instituted for the express purpose of mystifying 
or caricaturing the whole lighthouse vocabulary, it could scaretdy have 
been more successful. 

But when, on reading tliis account of a “ fixed light,” we learn, at the 
conclusion, that beyond a certain distance it disa])})ears in total eclipse for 3 
minutes, and then reappears as before, we confess that our astonishment at 
the flexibility of language in tlie hands of these writers knows no bounds. 

Bad as this is, a worse instance remains to be quoted. Tlie following 
unparalleled instance of mystification in lighthouse ])hraseology will shew the 
wanner in which the authorities that are charged with the administration of 
our lighthouses acquit thems(.*lve.s of their task. Let the reader, as he labours 
through the following description of the light at IMadras, call to mind some 
of the circumstances under which it may be necessary to identify a light 
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with as little loss of time as possible, the kind of persons addressed, and the 
conveniences at hand on board ship at night, in bad weather, for measuring 
ratios.* 

After an introduction, we read, — 

** The li"ht is of the * flashing description/ and the duration of the flashes to that of the 
eclipses or dark periods is in the ratio of 2 to 3 ; but as the nature of the motion is recipro- 
cating instead of rotatory, tlie above ratio merely expresses the average proportion of the 
light and dark intervals, which are themselves variable, according to the position of the 
spectator. The rapidity (^ jnovemcnl is so adjusteo, that the duration of the flashes will 
vary from o sec. to 48 sec., ami that of the eclipses from o sec. to 72 sec., the sums of the 
duration of light and darkness bearing, however, in every position, the constant ratio 0/ 
•X to 3/' 

This singular light, thou, is to be identified, not, as heretofore, by the 
absolute number of seconds which it is visible or invisible, but by the rations 
of the intervals of light and darkness. The position of a ship is to depend 
on the measure of a ratio, and this too (as far, at least, as my humble endea- 
vours have succeeded in comprehending the learned description) is a 
variable one ! 

I would call the reader’s attention to the term “ reciprocating,’* and then 
to the w’ords, “ but as the nature,” &c. ; for, either the rest of the sentence 
is a 7ion sequitnr.^ or the reciprocation in question has the wonderful faculty 
of exhibiting “ average proportions.” 

Who would suppose that this document was the grave and authorised 
production of a nation distinguished for its skill and business-like dispositions 
in maritime affairs? No doubt common sense will in due time effect a 
reformation in these matters ; in the meanwhile it is lamentable that then' 
is not some authority to exercise a wholesome control over such blundering 
and pedantic compositions. 

If it is really necessary to accompany accounts of lights with architec- 
tural and constructive details, which are, ])rnp(‘rly, (piostions of engineering, 
and have no more to do with navigation than the chemical nature of the; 
cement of the stones, or tlie specific gravity of tlic oil, let them not, fur 
the sake of general utility, be sufiered to set aside altogether, as they do 
now, the working or nautical description, as if the fact were entirely over- 
looked, that it is for seamen alone that light-houses arc built. 

4. Comjmss-names of Points of Land. 

Navigators and Iiydrographers have not hitherto adopted any constant 
rule in the application of compass-rtarnes to tin* projecting angles of land. 
Thus, Krusenstern says, (Mem. Hydr. ii. p. 28d), “ The north point of 
Owhylice, which Vancouver calls the west point,” &c. This extreme di- 
versity of expression establishes the necessity of a systematic employment ul 
such terms. 

The north point of an island may be considered, 1. as that point which 
is to the northward of the middle or body of the island; or, 2. as the north- 
ernmost or eatreme north point. In a circular island both terms agree, hut 
in irregular forms they are ambiguous; thus Krusenstern calls the S. ex- 
ticmc of Atooi, “ the S.E. pt.,” probably from its position S.E.-d of the 
body of the island. 

It will, perhaps, be admitted, that, in a purely practical subject, such a 


» See Naut Mag.. 1S11, p. 19 and 433. 
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mode of expression should be selected as is best adapted to appUention, 
provided no error be thereby involved. But, in this question, both efficacy 
in practice and precision of language concur in directing the use of terms 
according to their absolute signijications. Thus, if we call a southerly point 
of Atooi the “S.E. pt.,*’ we leave it doubtful whether there is land to the 
southward or not ; and, therefore, a ship could not, without reference to the 
chart, venture to run ; but if we call the south point by the proper term, this 
doubt is not suggested, since the word “south** declares that no other part of 
the coast projects so far to the southward. 

Accordingly, in this work, the compass-names N., S., E., or W., denote 
the extreme projecting point in that direction, without regard to the figure of 
the rest of the coast. 

A point which is an extreme both in latitude and longitude, as, for ex., 
the S.E. projecting Cape of Samar (Philippines) we call what it is, namely, 
the South and East extreme, and so of the S. and VV., N. and E., N. and \V. 
points. 

[1.] Ambiguous Terms. 

Another case in which serious ambiguity ma}^ arise from the want of 
critical rules in such matters, and which may with propriety be noticed here, 
occurs in such phrases as “the Lizard lights in one clear the Manacles to the 
eastward.” This is intended to imply that the ship passes to the eastward 
of the rochs ; but, by omitting all mention of the ship, the bearing might be 
supposed to relate to the rocks, as would be the case if another verb were 
put for “ cleared,” as “ saw the M. to the eastward,” in which cases the 
ship is clearly to the westward. If the sentence ran “ clear the ship to the 
eastward,” no obscurity could exi4, yet “ clear the M. to the eastward,” also 
puts the ship to the eastward. There must be something very defective in 
an expression which keeps the same meaning when reversed. 

Jt would be well to adopt the rule that the bearing specified should 
relate to the thing mentioned, and not to anything else absent or under- 
stood ; thus, in the above phrase, the term “ eastward” should be held to relate 
to the rocks, and not to the ship, just as in “ clear the ship to the eastward,” 
it relates to the ship, and not to the rocks. 

It might be dangerous to force a reform too suddenly in technical ex- 
pressions, however vicious ; but, on the other hand, no expression can 
maintain its ground when proved to be wrong. In the meantime it will be 
proper to use a fuller form of phrase, such as “ cl(*ar the M., leaving them 
V) the westward.” In the course of time, “ leaving them” would be dropped, 
and we shoidd have the expression in its correct form, the bearing relating 
to the thing mentioned. 

Some ambiguity necessarily attaches to the word “pass,” because it is 
both active and neuter; thus, “passing an island to the westward,” does not 
altogother declare whether the ship j)asses to the westward or leaves the 
island to the westward. 

It is often, in like manner, a matter of doubt whether bearings given in 
the description of a light relate to the light itself or to the spectator: thus, 
‘‘a light obscured from N. to E.” may mean either “invisible from the 
N.E. quarter” (that is, when hearing S.W.-d), or “ invisible to a spectator 
in the S.VV. quarter” (or hearing N.E.) 

This ambiguity is removed by the same rule, which supposes the spec- 
tator always in the centre of the compass, and, therefore, that the bearing 
specified relates to the point mentioned. The above phrase should, therc- 
iore, be held to mean the light invisible wlam bearing between N and K. 
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Tat3LE 11. Avpkoximatk Variation of the Compass. 

The Table contains the variation to the nearest degree for all latitudes 
below 70° N. and 60° S. The several values have been taken from the 
Variation Chart for 1880, published by the Admiralty, and reduced to the 
epoch 1880 for the observed amount of annual change. This Variation 
Chart has been compiled from thousands of observations made at fixed 
observatories and on board H.M. surveying and other ships of the Royal 
Navy during 1865-85, including the extended voyage of tho “ Chal- 
lenger.” 

This Table, besides the purposes of general reference, is useful at sea 
when the ship changes tho variation rapidly, and when, from the state of tho 
weather, no observation has been made. It may also check a gross error in 
observation. But such a table would become of serious detriment to navi- 
gation if it was allowed, in any (l(‘grec, to set aside observation, for the 
observation of the variation affords, at once, the whole correction due to 
local deviation and the j)articular compass used. — P. 75. 

Table 12. Passages. 

Tliis Table affords the means of estimating, approximately, the length of 
time which a passage from one place to aiiotlier may occupy. The first of 
the two numbers in the 1st col. shews the smallest number of days, and the 
2d the greatest, which have been empioy(‘d by ships making the passage, the 
number of which is given in the second column; thus, the passage from 
Algiers to Malta has occupied from 5 to 11 days, among 4 cases collected 
of ships wliich have made this passage. From Algiers to Smyrna the Table 
gives but one case. The cases are cliicfly those of ships of war. 

Passages of less than .‘i days are omitted, exe(jj)t by steam-vessels. The 
value of the estimation of the longest or shortest ])assages depends on the 
number of eases given ; thus, of 44 passages from the Lizard to the E(|uator 
none are less than 24 days, nor more than 50. It would obviously be useful 
to know, also, the mean passage, but tlic data arc insufficient, except in very 
few cases. 

I’he passages marked S.P. in col. 2, are by steam-packets. Some of 
those marked Stra. have been performed partly under sail. 

The abbreviation Av, denotes that the two numbers given are the 
average of the longest and shortest passages, at different times of the year ; 
as “ Calcutta to Madras,” for example.''*^ 

It is considered that a ship at s(*a makes good, on the average, about 100 
miles a-day. But this is too little for a fair wind, and too much for a foul 
one ; and therefore a knowledge of the winds is absolutely necessary to forming 
an estimate of a passage from the distance alone. 


TIDES. 

Table 13. TioE-HouRs.f 

The Table contains times of high water at full and change of the moon 


* I am indebted to Capt. Becher, of the Hydrographical Office, for the principal materials 
of this Table. Several passages have also been taken from Mr. Wise^s Analysis of One 
Hundred Voyages to and from China, &c. Norie, 1839. The Table is at present, both m 
form and detail, very imperfect. 

t The reasons for introducing this term are given at p. 321, note. 
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(that Is, OK those days on which the moon passes the meridian with the sun, 
or J 2 hours after him), and the ranj^e of the tide. — See note *, p. 820. 

The tides on our own coasts, and those of France, the coast of China, 
and a few places, as St. Helena, Bombay, and others, are mean time. The 
greater number of the rest are apparent time ; but the difference being not 
more than of an hour will rarely be important in practice. The numbers 
with parentheses, after the place, refer to the column and part of the column 
in Table 10, and save the insertion of the names of countries and seas. The 
number occasionally refers to the column where a place would be found 
were it necessary to insert it in Table 10, as Chaguaramus Bay. .The 
figures in brackets exhibit differences among the authorities, within such 
limits as, for example, “disagreement of ^ of an hour.” 

The letter c, prefixed to times taken from the American Coast Survey, 
denotes “ Correct Establishment.** As this, we conclude, is that described 
in No. 928, p. 821, such term is a mean 1i(h-hou.i\ and, thertdbre, differs 
from the tide-hour (at full and charjg(*) by the amount of the semi-menstrual 
inequality, No. 924. The letter m prefixed to places taken from Mr. Airy’s 
discussion (see p. 320, note J), denotes the same.* 

The first of two numbers conm‘ct(Hl by a hy])hcn in the Range column, 
denotes the spring range, the second the lu'ap range. Ex. Pembroke, Spr. 
range 21 ft., up. range 10 ft. Sometimes only one of these is reconled, as 
the K. Min, springs, 19 ft. 

Th(‘se numbers, however accurately deduced, must be taken, in practice, 
as approximations only, as the range is often liable to great fluctuation. Nos. 
929, 930. 

The figures in the middle (as Mocha, 4) are either recorded as “ average 
rise,’* or are not particularised. Many of them ar(‘, no doubt, spring ranges. 

Many of the terms in this Table are, no doubt, very accurate, and some 
few of them final. t Others, liowevtT, depending, as they no doubt do, on 
a single observation, and tliat not always obtained on the proyxT day, can- 
not be oth(*rwise than very incorrect ; for though the tide-hour does not 
appear usually to change much from one month to another, yet the process 
of reduction is open to (^rror. Thus, it may liap])eTi tliat the high water at 
full or change (tide-hour) may follow the moon after a shorter interval than 
any other of the kind in the fortnight ; and that, on the other hand, the par- 
ticular high water which the seaman may have the opportunity of observing 
daring the accidental stay of tlie ship for a day or two at a port, may follow 
the moon after the longest of all those intervals ; for every place in the world 
seems to have a succession, more or less regular, of unequal lunitidal intervals. 
Now the observer, in order to reduce his observation back to the day of full 
and change, applies the successive variations of the moon*s meridian passage 
as taken from the Nautical Almanac; and thus his reduced or computed 
high Water at full and change comes out too late. Many of the discrepancies 
in the recorded times of high water at full and change are, perhaps, to be 
accounted for in this way. 


* The high water at full and change, on the Admiralty Charts, is that which actually 
hikes place on those days. It is proper, therefore, to remark, that the fime of any particular 
tide, as deduced from this (by ap])lying the variation of the moon’s merid. passage), may, in 
the extreme case, be in error by the whole amount of the scmi-mcnstrual iiuMpiality, No. 924 
(as is seen by the rule, No. 933). When the mean tide-hours are given this error can only 
amount to half that quantity. 

t I am indebted to Mr. Ross, of the Hydrographic Office, for the most valuable portion 
table. 
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In like manner, doubt liangs overall single recorded ranges, except triosc 
observed of late years ; since it was not known formerly — and the knowledge 

even now confined to those who have given particular attention to the 
subject of tides — that the height of the water is connected with the age of 
the tide. See No. 935. 

A tide-table of a general kind, properly adopted to its purposes, would 
appear in a different form from this ; but a very long time must elapse before 
such a table can be produced 

Table 14. Epacts of Years and Months. 

The Table contains the Epacts for certain years, and for the first day of 
each month. 

The Epact for the year is the moon’s age on January 1st. The Epact 
for the month is her age on the first day of the month, supposing her to 
change on .Tannary 1st at noon. 

As a mean lunation is 29'* 12*^ 44™, the moon describes, in 365 days, 
twelve complete lunations, and IJ** of the thirteenth; hence, on each 1st 
of January her age is 15\ on the average, more than on the preceding 
1st of January, and 11‘* 15** if the preceding year was leap year. 

Table 15. Semi-Menstrual Inequality, 

The Table contains the Semi-menstrual Ine(piality for the places enu- 
merated. Its use is shewn in the examples, p. 324. The Table was con- 
structed by combining together the several s(*mi-menstrual incMjualities of the 
places specified, together with a few observations at St. Helena, to which 
place, also, the Table therefore may be applied.* 

Table 16. Rise and Fall of the Tide. 

The Table shews ajjproxiniately the space through which the surface of 
water rises or flxlls at given intervals from high or low xvater. It is entered 
with the said interval at the top, and the range for the day at the side. 

Ex. 1. It is hi^h water at a dock-sill at ii** 20"* a.m., and the water is 31 ft. deep, the 
range is 24ft. : find the depth at 12*' 15'**. From it'* 20“' to 12*' 15"’ is 55"' (or i*') ; then 
under I'h against 24 ft., is o*8, which is the fall of tide in i^, and being subtracted from 
31 ft., leaves 30*2, the depth required. 

Ex. 2. It is low water at 4*' 50’" p.m., and the depth is 2 ft. At a place where the range 
is 17 ft. find the depth at 8** 30™. 3'' 40"' and 17 give 7*2, which, added to 2, gives 9*2, the 

depth required. 

If the range for the day is not known, a rough estimate may be forinod 
from the spring and neap ranges. 

'riie Table may serve f«)r redueing, af)proximately, the soundings taken 
at any particular time of the tide to the low-water depth. Thus, the depth 
10 feet is obtained at 50™ after loxv water: the range betw'cen this low 
water and the succeeding high water is 11 feet; then P 50™ and 11 gi'^- 


1 am indebted for this useful table to the late Mr. Dcssiou, of the Hydrog. 
master in Her Majesty’s navy, who was employed at the Admiralty in reducing the 
greater part of the 'tide observations made at our ports for many years ; a task which 
Dr. Whewell considers, in the amount of labour and in the judgnumt displayed in the mode 
of proceeding, as not inferior to any dise.ussioii of large masses of astronomical or otlici 
observations by modern calculators, and of which some idea may be formed from tlie cir- 
cumstance that Ixmdon alone furnished 13,000 observations. 
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0*8, which, deducted from 10 feet, leaves 9*2 feet, the reduced low-water 
depth. 

The results are only approximate. It has been remarked, at least a 
some places, that tlic rise and fall do not correspond, and that tlie water falls 
more rapidly at first.* 

To compute a Term, With the time from high or low water as a course, 
and the Range as dist., find the diff. lat., and subtract it from the range ; the 
remainder is the rise or fall. 


NAUTICAL ASTRONOMY. 

REDUCTION OF THE ELEMENTS IN THE “ NAUTICAL 
ALMANAC.” 

These Tables are used in the rules from p. 187 to p. 210. 

Tables 17 and 18. Arc and Time. 

These TaWes contain tlic corresponding divisions of d'ime and Arc. 
Their use has been exemplified in Nos. 570 and 572. 

Table 19. Correction of the Sun’s Declination at Noon at Sea, 
FOR Longitude and Tlme. 

This Table contains the correction for the sun’s declination at noon, as 
taken out of the Naut. Aim. or Table 60, for reducing it to any other long, 
than that of Greenwich, or to any other hour of the day than noon. The 
correction is the variation of the declination, and, as it depends chiefly on the 
d(.‘clin. itself, the declin. is employed as the argument instead of the day of 
the month. 

The Table is entered with the decliii. at the top, and the Long., or the 
time, at the side. See examples. No. 579, p. 190. 

Table 20. Correction of the Equation of Time at Noon, at Sea, 
FOR Longitude and for Time. 

The Table is entered with the daily variation at the top, and the longi- 
tude, or the time, at the side ; the correction, in the body of the Table, is in 
seconds of time. See the examples, No. 583, p. 192. 

Table 21. For reducing Daily and 12-iiourly Variations. f 

This Table shews the proportional part for each half-hour of the 24**, or 
each 15™ of the 12*’, corresponding to any daily or 12-hourly variation from 
F to 30', or 1" to 30". 


* With such irregularity will also be talten that called tide and half tide, in some places 
where the fall of the water is checked about half ebb, and a temporary rise takes place. As 
also such an irregularity as the superior height of the nigiit tides in the river Columbia, 
which Sir E. Belcher attributes to the sea-breeze blowing strong near sunset. 

t For the design of this very convenient table I am indebted to Capt. W. Ramsay, R.N. 
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When the variation exceeds 30, take the parts for 30 and for the excess 
above 30. 

Consider minutes of time above 0"^ or 30'” as hours, and write the min. of 
the pmport. part as seconds, and the seconds as thirds 

Ivxarnples are given in No. 580, p. J90, and many others. 

For extreme precision, the even columns 4', &c.) oidy must be used, 
because tlic old columns are often 0"*0.5 in defect, as are all those for 30". 

The Table serves for reducing the R.A. and Decl. of the sun and planets, 
the Equation of Time, the Moons Horizontal Parallax, and Semi-diameter; 
and also for various other purposes, as proportioning for the rate of a watch 
the drift of a current, &c. 


Tablk 21 A. Logarithms for ueducino Daily Variations. 


This Table contains logarithms for reducing 24-hourly variations. Its 
use is described in No. 597 (2), p. 196. 

To, compute a Term, From the const. 3*1.5836( the log. of 1440, the 
number of min. in 24^, or of seconds in 24'”) subtract the log. of the gi /eu 
time or arc; read hours or degrees as min., and inin. as seconds. 


Ex. 1 . Find the Log. for ii** 28™. 

Const. 3*1584. 
ii® 28* = hSS’ log. 2*8376 
Log. req. 0*3208 


Ex. 2 . Find the Log. for 21^ 27'' 
Const. 3*1584. 
21' 27" = 1287" log. 3*1096 
Log. req. o Oi).88 


Table 22. For reducing the Moon*.s Declination. 

The Table is entered with the dilference for 10"' (from the Naut. Ahu.) 
at the top, and the minutes of the Greernvich Date at the side. 

Ex. Green. Date, 11** 27*", Diff. for io”‘, 136". 

27*“ and 130'' 5' 51" 

6 i6'2 

Proportional Part 6 7*2 

The parts may be taken out to the seconds of the Greenwich Date by 
reading minutes as second.s, and seconds as thirds. 


Table 23. Acceleration. 

This is the change ot the suifs mean Right .'Vseension in a mean solar 
day. It is employed in reducing the Sidereal Tiim; at mean noon to the 
Green. Date, and in converting Mean Time into Sidereal Time. 

The Acceleration is itself a portion of Sidereal Time. 

Table 24. Retardation. 

This is the change of the sun's moan Right Ascension in a sidereal day. 
It is employed in converting Sidereal Time into Mean Time. 

The Retardation is itself a portion of Mean Time. 

For examples of the use of these two Tables, see Nos. 585, 602. &c. 

Table 25. For finding the Equation of Second Differences. 

The use of this Table is described in No. 599, p. 197. The column 
headed 1** (which may be read P or F) is adapted to all tables in wiiich the 
intervals are sexagesimally divided. 
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To compute a term. Multiply half the difference between the Tabular 
Interval and the proposed Interval by the latter, and divide the product by 
the square of the Tabular Interval. 


Ea. Tabular Interval 12**, Proposed Interval 5** 40“*, or 5**“7. 
Tab. Int. 12** 


Proposed 

HalfDiff. 


Jll 

3 * 


then 


144 


a 0*1227, the multiplier. 


TIMES OF CERTAIN PHENOMENA. 

These Tables are employed in the methods, p. 185, &e. 

Table 26. Apparent Time of the Sun’s Rising and Setting.* 

The Table is entered with the Latitude at tlie side, and the Sun’s De- 
clination, at the (opf when these are of the same name; but at the bottom 
when of rontrary names. Thus, in lat. 31° N., the sun, when in 4° S. decl., 
rises at 6*' 10’" a.m., and sets at 6^ 50*" p.m. 

This is the Civil Time of the rising or setting of the sun’s centre^ to the 
eye at the level of the sea, and without the atmosphere. For greater 
exactness sec No. 638, p. 211. 

To compute a Term. See Nos. 620, 621, p. 204, &c. 


Table 27. Approximate Apparent Times of the Meridian Passaged 
OF the Principal Fixed Stars, 

Table 27 A. Correction of the Times in Table 27. 

The times are given in Table 27 for the 1st of each month, and the 
meridian of Greenwich. To find the time of passage for any other day, sub-^ 
tract the portion of time corresponding to the day of the month in Table 27 A 
from the time in Table 27. For an ex. see No. 625, p. 206. 

The Table is adapted to 1878, but will be within 2'" for many years. 

Table 28. Correction of the Moon’s Meridian Passage. 

The Table is entered with the Daily Variation at the top, and the 
Longitude at the side. 

The Daily Variation in W. long, is the difference between the time of the 
moon’s transit on the given day and the next; in E. long, it is the difference 
between the moon’s transit on the given day and the day before. 

In W. long, add the correction to the time of meridian passage on the 
given day ; in E. long, subtract it. 


* This is the apparent (not mean) time of the true, (not the visible) rising or aeciing. 
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Ex 1 . May 9th, 1870, long. 51° W.: 
required the time of the Moon’s Men Pa.ss. 


Men Pass. N.A. 9th 7** 17"* 

ictli 8 9 

Daily Van 

Cv>rr. for 51° W. 7 

7 ^7 

Time req. 7 24. p.m. 


Ex. 2 . July 25th, 1870, long 1-52® E.j 
required the time of the Moon's Mer. Pass. 

24th 21*' 29'“ 

23d 20 3 9 

Daily Var. 50 

Corr. for 132° E — 17 

21 29 


21 12 

Time req. 9 12 a.m. 


T he (juantitios are projiortional, not to 24^, but to 24’’ p^t/s the dailv 
variation itself*; for this last sum is the absolule inlei\al of two lunar 
transits, and is not the variation upon a mean solar day 


Table 29. Hour-Angle and x\ltitude of a Body iu»on the Prime 

Vertical. 

The Table is entered with the Declination at the top, and the Latitude 
(of the srmie name) at the side. 

Ex. Lat. 50° and 0*s Declin. 10®, give his Hour-Angle 5'' 26"', and Alt. i3°'2, or 
if 12', 

The alt. which, partly for sy)ace and partly for distinction, is noted to 
the nearest or 6', will not be in error on this account more than JE. 
Thus the alt. wliich is propc'rlv 6', may l)e bt tween 13^^ 3' and 

13° 9'; but 13° 2' is 13^-0, and 13'" 10' is 13°*2. Hence, taking 13'"-1 as 
13° 6' cannot entail an error exceeding 3'. The error will generally be less. 

This alt. being the tn/e alt., the sun or a star will pass tlic prime verticnl 
at an alt. greater than the alt. given, by tlie dill*. bctwiM'ii the true and obs. 
alts. ; the moon, on the contrary, at a hmer alt., by this amount. 

As no star of which the declin. is greater than the lat. passes the prime 
vertical, such cases do not appear in the tabh*. 

The Table shews at once, roughly, the effect of an error of 1° of lat. in 
determining the time by a single altitude in the most favoura))Ie case. 

Ex. Lat. 45^ N., Dccl. 3''’ N., the tinie.s arc the same for 3° or 4° of latitude ; that is, 
a gross error of lat. is of no consc<iuencc in computing the time of pa.ssage. But if llje 
body have 23“^ of declin. an error of 1° of lat. will cau.se an error of 3”' or 4"' in that time. 

By reversing the lat. and declin., the hour-angle and altitude become 
those of a body at its greatest elongation, or azimuth, i'rom the pole. 

To compute the Hour-angle^ see No. 619, p. 204. To compute the All y 
sec No. 665, p. 219. 


ALTITUDES. 

These Tables are used in the rules, p. 212, &c. 

Table 30. Apparent Dip of the Sea-Horizon. 

V 

This is the angular depression of the sea-horizon below the true level, m 
orflinary states of the atmosphere, and when the sea and air are of equal 
temperature. 
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The apparent dip is the true depression (Table 8), diminished by about 

of itself. As this correction is subject to great variations, the dip may 
be employed to the nearest minute only. 

Table SL Mean Astronomical Refraction, 

The Refraction Ts given for the barometer at 30 inches, and Fahrenheirs 
thermometer at 50°, according to Ivory.* The diff. to 10' of alt. is inserted. 

Ex. 1 . The refraction at 20*^ is 2' 39' . 

Ex. 2 . The refr. to the alt. 38° 35' is i' i3"‘3, deducting *2, or 1* i3"*i. 

The tenths of seconds are omitted at altitudes below 35°, on account of 
the uncertainty at low altitudes. 

7b Jind the Refraction approximoteh/. With the alt. as course and dep. 
58, find the D. Lat. ; this is the refraction in seconds. For the refr. is pro- 
port. nearly to the tang, of the zen. dist., and is 58"*2 at zen. dist. 45°. 

Ex. Alt. lo*^, as coune, and Dep. 58, give 329", or 5' 29", the refr. required. 

Table 32. Correction of the Mean Refraction for the Height 
OF the Therm oMETER.f 

The Table is entered with the Alt. at the top, and the degree of Fahren- 
heit’s therm, at the side. When the therm, is below 50°, tlie correction is 
added to the mean refr. ; when abore 50°, it is subtracted* 

Ex. Alt. 17° 10', therm. 72^; the corr. is 8", which, subtracted from the mean refr., 
3' 7'', gives the true refraction 2' 59". 

To find the Correction^ nearly. Multiply the mean refraction in seconds 
by 2, and by the ditrerence between the height of the therm, and 50°, and 
divide the product by 1000. 

Ex. Alt. 5'’, therm. 38'. The mean refr. 9' 54", or 594", mult, by 2 and by 12, is 
14256, and this divided by 1000 gives 14''. 

Table 33. Correction of the Mean Refraction for the Height 
OF THE Barometer. 

The Correction is given to each tenth of an inch. The Table is entered 
like 'Table 32. When the baroin. is above 30 inches, the correction is to be 
added ; when below ^ subtracted. 

Ex. Alt. 17® 10^ barom. 29*2 in. ; the corr. is 5", and true refr. 3' 2". 

To find the Correction, Multiply the mean refr. in seconds by the dif- 
ference between the height of the barom. and 30 inches, and divide the 
product by 30. 

Ex. (Above.) 3' 7'', or 187", mult, by *8, and divid. by 30, gives 5". 


* The refractions now used by astronomers are those according to Bessel. Ivory 8 
exceeds these by 0 ' 9 " at alt. 45®, by T at alt. 20 % and 5 ^' at alt. 10 ®. The difference of the 
tables is scarcely worth a more extended notice. 

t This correction involves the term (t— 50®). The term -r^ (p— 30) is omitted 

•s insensible.— PAf 7 . Trans. 1823 , p. 476 . 


B 1> 
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Cable B4. The Sun's Parallax in Altitude and Semidiamktee. 

Those are given for convenience on some occasions, hut not for extreme 
precision. 

J'o compute the Sun's T^arnJhtx in Altitude. Take the hor. pan in the 
Naut. Aim. as dist., and find the D. Lat. to the app. alt. as course. 

Table 35. Dip of a Shore-Horizon. 

The Table shews the Apparent Dip to be used instead of the dip in 
Table 30, when the distant si a-horizon cannot bo seen, and the altitude is 
observed from the water-line; on the beach. Tlie distance of this line may 
either bo estimated nearly, as it is always less than the true <lip due to the 
height of the eye (Table 8), or it may be found by the method No. 550, 

p. 180. 

To compute a Term. Take the diff. between the depr. to the eye 
(Table 8) and the dist. of the beach-line, and divide by twice this last ; add 
the quotient to the app. dip in Table 30. 

Table 36.* 

This Table contains the scales of the Centigrade and Reaumur ther- 
mometers, corresponding (approximately) with that of Fahrenheit. 

The zero of the two forim*r, or the freezing point of water, bring 3:2" of 
of Fahr., and their boiling points 100® and 80‘' respectively, while that of 
Fahr. is ; the following rules are derived for the conversion of the 
scales. 

To convert the Centigrade into Fahrenheit. Multiply the degrees of the 
Centigrade by 9, and divide the product by 5. Win n the Centigrade degrees 
are above 0, add 32" to the quotient; when below 0 (or marked —), sub- 
tract it from 32". 

To convert Reaumur into Fahrcidieit. Mullijdy the degrees by 9, and 
divide the product by 4. Apply the quotient as directed above. 

Ex. Centig. — 11*7, find Fahr. 11*7 x 9 = 1053, this + 5 =»2ri, which subtracted 
from 32° gives io°*9. 

To extend the Table. For the Centigrade add 0 555, &c., and for 
Reaumur 0*444, <5cc., for each 1" of Fahr. 

Table 37. 

This Table contains the English measures corresponding to the Metre, 
Kilometre, Decimetre, and Mdlimhre.\ See ]). 368. Thus 30 centiin. aie 
1T81 inches; 3 kilom. arc 1*618 nautical miles. 

The barometer scale, in English inches, and millimetres (approximately), 
is annexed. 

To reduce ttie French to the English barometer scale. Divide the mil- 
limetres by 2.5*4, the quotient is the number of English inches rnjuired. 


* As numerous valuable works relating to Navigation are published by the Fren(‘h, atul 
as other Continent^^l nations frequently coriploy the language of that country in hydrographic 
documents, Tables 36 and 37 are added, for the ready reduction of sueli French measures 
as most frequently occur. 

t The quantities nee taken from the Annuaire, for 1846 . The metre is the 10-millioidi 
part of the quadrant of a meridian. 
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When the French scale is given in inches and linos (or 12ths of an 
inch), multiply the inches by 1-065, the product is English inches. 

To extend the barometer scale, add 2*54 millimetres for each 01 of an 
inch. 

Table 38. Corrections of Altitude of the Sun and Stars. 

The Table contains the gross corr. of alt., or the corrections enumerated 
in No. 644, exclusive of index error, to the ru’arest min. 

For examples, see ‘No. 648, and p. 215. 

Table 39. The Moon’s Coimifxtion of Altitude. 

The Table contains the Corrc'ction to each minute of horizontal parallax 
.and every 10' of alt. ; for the barom. 30 inches, and Fahrenheit’s therm. .50*^’. 

Ex. The corr. to app. alt. 15° 30' and lior. par. 56', is 50' ji". 

I’or seconds of parallax. Look among tlie eolnmus on the right side of 
the page, and against the alt., and take out the seeomL, which add to the 
correction. 

For minutes of altitude. Take the seconds from the extreme right of 
the page, and apply them as there directed. 

Ex. Moon’s App. Alt. 35° 37', Hor. Par. 57’ 32" ; find the Correction of Altitude. 

35° 30' and 57’ 45’ 3" 

32’’, parts 261 

Y j)arts, —4) 22 

Correct, rcq. 45 25 

To correct for the Barom. and Therm. Take the corrections from 
Tables 32 and 33, but apply them to the correction of alt. tlui conirary \cay 
to that directed. Ex., No. 655, p. 216. 

To compute a Term. Correct tlie app. alt. (of the centre) for rcTraction, 
To the log. sec. of this alt. add the proj). log. of the horizontal parallax ; the 
sum is the prop. log. of the parallax in alt. Eroiu tliis subtract the refrac- 
tion ; the rein, is the correetion of alt. 

The Table does not give the correction with precision at low alts.* 

Table 40. Corkespondino TIoiuzontal Parallax and Semidiameter 

OF THE Moon. 

As these two elements are gem'rally required together, the Table renders 
it necessary to reduce the parallax alone to the Cireeiiwicli Date. 

Table 41. Diminution of the Moon’s Horizontal Parallax for the 
Spheroidal Figure of the 1']arth. 

The Table is entered with the Horizontal Parallax at the top and the 
Latitude at the side ; the seconds corresjiomling arc to be subtracted froui 
the e(]uatorial hor. par. 

The compression employed is 

* In all these tables of refraction the eye is supposed at the level of the sea ; when the 
observer is at very great elevations, low altitudes cannot he corrected with precision by the 
tables in common use. The refraction is in such cases too great. 



404 


EXPLANATION OF THE TABLES, 


Table 42. Augmentation of the Moon’s Semidiameter, 

The Table is entered with the Moon’s Semidiameter at the top and her 
Altitude at the side ; the seconds corresponding are the excess by which her 
apparent semidiameter at her actual altitude exceeds that at which it would 
appear if seen from the centre of the earth. See Nos. 439 and 440, p. 147. 

Tables 43 and 44. For converting True into Apparent 
Altitudes. 

These contain the further correction necessary in reducing a true to an 
apparent altitude, after addih^ the refraction and subtracting the parallax. 
See Nos. 657 and 658, p. 216. 

Table 45. Parallax of the Planets in Altitude. 

The Table is entered with the Planet’s Horizontal Parallax at the top, 
anc its Altitude at tlie side ; and the corresponding seconds taken out. 

To compute a Term, Enter the Traverse Table with the alt. as course 
and the hor. par. as dist., and take out the D. Lat. 

Table 46. Azimuth corresponding to the Change of Altitude 

IN P^ OF Time. 

The Table shews the Change of Altitude in 1"™ of Time at any Azimuth 
in Latitudes below 60°. 'J'he azimuth is reckoned either from N. or S. 

Ex. In lat. 50°, at the azim. 40°, reckoned cither from N. or S., the change of alt. in 
I™ is 6' and some seconds. 

The Table shews also, roughly, the true bearing when the change of alt. 
in 1™ is given. 8ce also No. 677, p. 224. 

The column of 6' limits the azimuth for finding the time, No. 778, p. 261. 


LATITUDE. 

These Tables are employed in the rules in Chap. V., p. 225 . 

Table 47. Limits of the Reduction to the Meridian at Sea 

This Table shews how long before or after noon the sun’s altitude may 
be observed, so that the Reduction sliall not be in error more tlian 2' wlnui 
the time is P” in error. The Table, therefore, shews the Limits of this 
method for common practice at sea. 

If the time be in error, or doubtful, 2"‘, 3% <^c., the Reduction will, at 
the limits, be in error, or doubtful, 4', 6', &c. In likf manner, if the error 
of time be less than 1*", that of the Reduction will be less than 2', in the 
Mrae proportion. 

If the time ie doubtful 2"^, 3™, &c., and we require that the error of the 
Reduction shall not exceed 2', we must take for the limit &c., that set 
down ; thus, if in lat. 48° N., (led. 10° N., the time be doubtful 3"’, we must 
take the alt, within ^ of 28”’, and that is, O'” from noon. 
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When the nme from noon, of observation, exceeds the limits set down, 
the error of the Reduction (caused by 1™ error in the time) will exceed 2' 
in the same proportion ; thus, in the above case, if the alt. be observed .56”’ 
from noon, the error of 1"' in the time will cause 4' error in the Reduction. 

The time in the Table is that hour-an^le, nearly, at which the number 
of minutes (of time) is equal to the number of minutes (of arc) in the 
Reduction. 

To Jind this IIoitr-Angle, To the constant 0*4771, add the log. from 
Table 70 ; the sum is the prop. log. of the hour-angle required, in time.* 

Table 48. Value of the Reduction at which the Second 
Reduction amounts to T. 

The Table contains, against each Mer. Alt. under 83°, that value of the 
Reduction at which the 2d Reduction anioiints to T ; and therefore shew's 
whether it is necessary or not to compute the latter. 

Er. Suppose the rncr. alt. 68'^ and the (first) Red. computed to be 47^ then the error of 
omitting the ‘id Red. cannot amount to ; hut if the 1st Red. were 54^, the omission of the 
2d Red. would cause an error of more than i'. 

One eighth of the quantity in this Table is that (1st) Reduction at 
which the 2d Red. amounts to 1". 

Thus, in Ex. No. 707, p. 234, the mer. alt. is 60®, the value of the 1st Red. in the 
Table is 3', i-8th of which is 8'; hence, if the Red. exceed 8', the 2d Red. will 
e.\ceed i". 

To compute a Term. To the constant 6*7648 (tin? sin. of 2'), add the 
log. cot. of the mer. alt.; half the sum (preserving 10 in the index) is the 
log. sine of the reduction required. 

Ex. Const. 6*7648 

Mer. alt. 60° 50' cot. 9’74'07 

^ )i6-siiS 

Red. required i‘’ 2' log. sin. 8*2557 

To find the time from noon, or the hour-angle, to which this (1st) 
Reduction corresponds : from the log. sine of the Red. subtract the log, in 
Table 70, the remainder is the log. sine square of the time or hour-angle 
required. 

Ex. 1. Lat. 60^^ N., deed. 14° N. (mer. alt. 44'’), Red. 1^24'; 8*388 --o*i30 * 8*258, 
the sin. sq. of i'* 1"^ 53*, the hour-angle required. 

Ex. 2. Lat. 29° N., decl. 17° S. (mer. alt. 44°), Red. 1° 24', gives 0'' 47“ 3®. 

These precepts concerning the Rculuctions are, of course, merely 
approximations near enough in practice. 

Tables 49 and 30 . For computing the Reduction to the 
Meridian in Seconds. 

The seconds forming part of the 1st Reduction (Table 49) are taken out 
to the min. and sec. of the hour-angle. When tin* sun is observed in tVie 
forenoon, the Table is enti'red with the time from midnight, for convenience. 


* Mr. Towson has constructed convenient tables for reducing an alt. observed near tha 
®crid. to tho mer. alt., which are published by the Hydrographic Office. 
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The seconds for the 2d Reduction (Table 50) are taken out for the 
hour-angle to the nearest 10\ 

To comprtUi a Term in Table 49. T() the const. 5*615455, add the log. 

sine square oF the hour-angle ; tin* sum is the log. of the number of seeomis. 

To compute a Term in Table 50. To the const. 5*6155 add twice the 
log. sine sq. of the hour-angle ; the sum is tlic log. of the 2d Red. 


Ex. Find the Redmdion, and also the 2d Red., in seconds, for the hour-angle 28™ 4". 


Const. 

H. Ang. 28'" 4® sin. sq. 
Rkduct. 1 544''* 8 log. 


5 ' 6*545 

q*iS886 


Const, 
sin. sq. x 2 
2 d Red. 5''* 8 log. 


5*615 

5 *H 7 

0*762 


Table 51 . Cohrection of the Altitude of the Pole-Star at Sea. 

The Table \s enten'd with the Altitude of the star at the top, and tlie 
Right Ascension of the IVIeridian at tlie side. Tlie quantity taken out is to 
be applicul to the star’s tnu* alt. as directed, ex. p. 2.59. 

Tlie last eoliiniu eoutjuns the variation in tt n years, which is always sub- 
tractive from th(‘ corn ction in the 'fable. 

As the observation at sea is iuqierfect, the correction has been computed 
to whole minut(‘s only. 

The quantity is the 1). Lat. answering to the star’s hour-angle as course 
and 80* as dist. (the stai’s pol. (list, in 1878), together with a second correction 
computed in No. 774, p. 259. 


Iaijle 52 . Reduction of the Latitude. 

4’his is the ditfeienee Ix'twcxm the latitudes as actually found by any 
astronomical observation and what it would be if the earth were a spluiiT, 
which last is called the geocentric latitml(*. 

To reduce the hit. by observation to the geocentric latitude, subtract the 
reduction of latitvidcL 

This quantity, wiiich is also called the atnjh of the vertical, is 0 at the 
equator and at the pole, and is greatest in lat. 45^. 

'Die compression a.ssninf d is ; that is, the polar radius is supposed to 
be short(ir than the equatorial radius by of the latter. 


LONGITUDE. 

These Tables are employed in the methods, Chapter VII. p. 279. 

Table 53 . Correction of the Lunar Distance for the Contraction 
OF THE Vertical Semidiameteu. 

The Table is entered witii the Alt. at the top and the Angle contained 
betvv(?en a plumb-line through the body, and tlie lino joining the otluR’ 
body.* See No. 852, p. 295. 

* TLe argument in this table, in the usual form, is the angle which the semidiaraeter in 
the direction of the other body makes with the horizon •, but it is difficult to imagiue the horizon 
(^heie it is not, whereas the pliimb-liue is an absolute standard everywhere. 
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Fable 54. Error of Observation arising from an Error in the 
Parallelism of the Line of Sight. 

The Table shews the Error on any observed angle less than 120°, arising 
from the line of sight not being parallel to the plane of tlie sextant or circle. 
See No. 405 (3), p. 163. 

As the observer will not, knowingly, allow this adjiistinont to remain 
defective, or observe (elsewhere than in the centre of the field when the ad- 
justment is perfect, the Table serves rather to shew the consequence of such 
errors than for the purpose of ajiplying a specnlic correction. 

To comjmfe a Term. To twice the log. sine of the error in the paral- 
lelism of the telescope, add the log. tan. of lialf the angle measured; the sum 
is the log. sine of the required error in the observed angle. 

Ex. Error of parallelism iz\ angle measured 97'^: required the Error of the Angle. 
izMog. sin. 7*5429 X2 5*0858 

97'', half, 48 ' 30' tail. 0*0532 

Error req. 2''*8 sine 5*1390 

Table .55. For correcting the Lunar Distance for the Spheroidal 
Figure of the Earth. 

The Table is entered with the Latitude and the Moon’s Altitude. The 
numbers are noted to the nearest 10. See No. 853, ]>. 295. 

To compnle a Term. 'I'o tlie log. sine of the red. of lat. add the log. 
sine of the horizontal ])arallax (in the Table, 57'), and the log. sine of the alt.; 
the sum is the log. sine of a small arc, which multiply by 100. 

Table 56. For computing the Moon’s Second Correction of 

Distance. 

Enter the Table vvitii the App. Dist. at the toj) or bottom, and the Moon’s 
Corr. of Alt. at the side, and take out the seconds. 

In the same column take out the seeonds standing against the corr. of 
dist. (No. 842 or 844) at tin' side. 'I'he dilfcTenciJ between the two numbers^ 
tlms taken out is the 2d (forr. reijuired.-^ 

When the Di^t. is less than 90 add ; when greater., s'ubtraet 

Ex. App. dist. 48°; 2) 's cun*, of alt. 46 ; corr. of dist. 26': find the Second Corr 

48‘^ and 46' 17" 

26 6 

Skcond Cork. i i to be added. 

To compute a. Term, approximately (1.) To stpiare an arc in minutes. 
Find the s(|uan^ of the number of min. ; divide it by 60 ; the quotient is the 
numbt'r of seconds in the sijuare required, roughly. For greater accuracy, 
increase the quotient by 7 /,) itself. 

(2.) With the app. dist. as Course, and the said square as Dcp. find the 
IL Lat.; /lal/' this is the term required. 


* This 2 d corr. niiiy be dispensed with altogether by repeating the work, No. 844 , p. 283 ^ 
Using the mean of each true and app. alt. and the memi of tlic app. and first found di«tu. 
The result, with cave, will agree very nearly with the rigorous process. 
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TCt. Corr. (of alt. or of dist.) 55', app. dist. 31°, 

55 squared (by Table 8) 302*;, divided by 60 5o*'4 

add I -20th 2 *5 

Required sq,uare of 55' 53 

Dep. 53 and Course 31° give D. Lat. 88 ; the term is 44". 

Table 57. Cokrection of the Greenwich Mean Time for the 
Second Difference of the Lunar Distance. 

This Table is entered at the top with the Appro.Kimate Interval, and 
the side, with the Diff\ of the Prop. Lo^s. standing against the two distances 
in the Nautical Almanac, which include the given true distance. 

For an example, sec No. 857, p. 21)7. 

7o compute a, Term, approocimateitj. Multiply together the approx, 
interval in hours and tenths, its compl. to 8'’, the diff. of the prop. logs, above 
(attending to the decimal point), and 1400. 

Ex. Approx, interval, i** 10”', diff. prop. logs. 64; 
then 1*2 X 1*8 X 0*0064 x 1400 = 19“, the required term. 


Table 58. The Error of the Ship’s Place and of the Longitude 

IN Time, CORRESPONDING TO AN ERROR OF P IN THE LuNAR DISTANCE. 

The Table is entered with the Latitude at the top, and the Prop. Log. 
against the lunar dist. in the Nautical Almanac at the side. 

Ex. Lat. 50"^, prop. log. 2800; an error of i' in the lunar dist. will cause an error of 
19 miles in the ship's place, in Departure, and 2"' o'* errou of long, in time. 

Since it is the actual distance of the ship from the shore that we arc 
concerned with at sea, rather than the nominal dill*, of long., this Table will 
afford a useful clu ck on the supposed place of the ship in making the land 
by a lunar observation. 

The error of long, in time is also the error of the G. M. Time, as deter- 
mined by a lunar observation. 

To compute a Term. Divide 2700 by the 8-Iiourly change in udnutes; 
the quotient is the error in min. of long, in arc at the equator. For any 
particular latitude see No. 807, p. 97. 


TABLES FOR DETERMINING THE VARIATION OF THE 

COMPASS. 

These Tables are employed in Chapter VIII. p. 308. 

Table 59. Amplitudes. 

Tlie Table sliews the True Amplitude of the sun (or of any other celes- 
tial body, liaving the same declination), at rising or setting. It is entered 
with the Decl. at the top and the Lat. at the side. 

To find the Amplitude by the Traverse Tables. With 0 and the lat- 
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find M. With M as Dist., and the Decl. as Course, find the Dep. With 
]00 as Dist. and this Dep. find the Course. 

By Computation. To the log. sec. of the lat. add the log. sine of the 
Decliu. the sum is the log. sine of the amplitude. 

Ex. Lat. 17°, Decl. 23°: find the Amplitude. 

Lat. 17^0' sec. 0*019^ 

Dcd. 23 o sine 9*«;9i9 
Amplitude, 24° 7' sin. 9*6113 

Table .59 A. Cohbection ok the Ob.served Amplitude. 

The Table shews the Change produced on the Amplitude by the joint 
effect of the refraction at the horizon (assumed as .‘IT), and the height of the 
eye, s\ipposed IG feet. An example is given in No. 8SG, p. 309. 

To find tlie corn'ction for any other lieight of tlie eye. To 33' add the 
Dip, multiply the sum by tlie correction in the Table, and divide by 37 ; 
the quoti(‘nt is the correction re(|uircd. 

Ex. Lat. 55°, decl. 23^, height of the eye 100 feet; 33 and 10 are 43, which, multiplied 
Viy 1*4 and then divided by 37, gives the correction required. 


TABLES TO SUPPLY THE PLACE OF THE NAUTICAL 
ALMANAC. 

These Tables wliicli aObrd for several years apjiro.Kiiiiate values 
of the quantities coiitaiiical in them, are useful on various occasions, 
and may serve for tlie oi’diiiary (iiirposes of iiavigalioii. But when 
inucli accuracy is required, and whenever the moon is employed, 
recourse must be bad to the Nautical Almanac. 


Table 60. Declination of the Sun. 

The Table contains the Declination for each day of the years 1877, 78» 
and 80, to the nearest minule. 


Table GO A. ConitEc riON of the Sun’s Declination in Table 60, 
FOR THE Years following 1877, &c. 

The Table contains the Corrections by which the declination for any 
day on one of the lour ycMrs *^*numcrated may be converted into that for 
the saiiK* day on any year till lOO k 

When till' dv‘eli nation is incrv.asingy add the correction; wdieii 
creasing, subtract it. 


Ex. 1. Feb. 3d, 1S82, find the Sun's 
tleclin. 

1882 nnswers to 187S 
1878 Feb. 3d 16° 28' S. {(leer.) 

Corr. o'* 6, or — i 
Dbclin. req. 16 27 S. 


Ex. 2 . Sept. 27th, I S 88, find the Sun*9 
dcclin. 

1888 answers to 1880 
1880, Sept. 27th 1° 53' S. (tner.) 

Corr. i'-4 

Declin. req. x 54 S. 
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If the correction when subtractive exceed the declination itself, take the 
*ess from the greater, and consider the remainder as the declination required, 
and of the contrary name to that given. 

The correction is additive when the declination is increasing, and sub- 
tractive when decreasing, thus changing from one to the other at the equi- 
noxes and solstices. 

To compute thw Correction for reducing approximately the declination 
of the sun Ibr any year, by lueaiis of the declination for any four successive 
years, the following rule is givi n by Mackay, in his Complete Navigator. 

Note the numbe^r o'i fours necessary to reduce the projioscd year to one 
of the years in the table. 

Take the dilierence of the declination (for the year tlms found), to the 
given and following days. Multiply this ditference by the number of fours, 
and divide by : the quotient is the correction recpiired, in minutes. 

Ex. ( 1 , ab()\e.) 1S82 rcMhiced by fours gives 1878, the number of fours being i. 

The daily dilf. of the decl. t)n the 3(1 and 4th is 18, whieh multiplied by i is 18 ; thia 
divided by 33 gives about the corr. required to be subtracted. 

Since, at the equinoxes tlic correction changes suddenly from additive' to 
subtractive, or from sub. to add,., and since applying it wrongly would cause 
an error of double the amount of the correction, it is advisable, in case of 
doubt, to iind the declin. for some days before the equinox, and to subtract 
from it the daily variation, which at this s(‘ason varies uniformly fur 
several days. 

Table G 1 . Apparent Right Ascension of the Sun. 

The Table contains the apparent or actual Right Ascension of the Sun 
for tlie years 1877, 78, 79, and SO, to the nearest minute. The Right 
Ascension under each year serves v(Ty lu'arlv lor (‘veu’y succeeding 4tli 
year, and may be corr(‘eted apj)roxiniarely by adding R" in 33 years. 

Table bii. The Equation of Time. 

The Table contains the Equation of 'riim? for 1S77, 7S, 79, and SO, to the 
nearest second. The E(juati(»ii for (meii year will s('rvo very well for coninion 
purj)Oses for iho. 4th or 8th year aft(‘rwards. The e rror will be greatest 
from the latter end of May to the iniddh! of July, when it may amount to 
52* or 3* in a period of 4 yc ars, c)r a!)out 7^ in four or five such periods. 
'I owards the beginning or end of ihe year tlie error will not much exceed 
or 3*, even for a considerable number of y(*ars. 

Table G3. Mean Places of the Principal Fixed Stars. 

The Table contains tlie mean places of fifty-five stars, for tlie 1st of 
January, 1878. The mean places may be reduced for any subseipicnt year 
by applying, as directed in the 'fable, the animal variation in right ascension 
and in declination, nmltijilied by the numlxT of years exceeding 1878. 

To find the place for any year jirior to 1878, the variation must be 
applied the contrary way to that directed. 

The right itscension and declination of every star change during the 
year, 'fhe change of right ascension is, for most of the stars in the Table, 
between 4"^ and G*; that of declination between 15^' and 40". Among tlu- 
stars which change their right ascension least are Spica, and a Cygni, the 
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change being between 2 ® and 5*. The stars ('apella, « Pavonis, and « 
Triang. Austr., change their right ascension about 7®, 8 *, and 10% respectively, 
during the year. These stars are therefore less favourable than others for 
finding the latitude by double altitude, or the time. The star « Crueis 
changes its declination J of 1' from one part of the year to another. The 
variation of the right ascension of Polaris amounts to nearly 2 "^ ; that of 
declination to about 1'. On these grounds the declinations are noted to tiie 
nearest minute only. 

As the variations of right ascension occupy several months, their effects 
would not be scmsible in rating a chronometer by tin; method. No. 821. 

As the stars are given in this 'J'able for the j)nrpose of finding the lati- 
tude or time in different parts of the world at any hour of the night, they 
are selected nearly equally from all parts of the In^avcns, and the list docs 
not necessarily include all stars above, or exclude all stars below, any par- 
ticular magnitude, 

The figures 1 , 2, S, indicate the first (or largest), second, and third 
magnitudes. The figures 1 , 2 , demote a magnitude between the 1st and 2 d; 
and the figures 2, 3, a magnitude intermediate between the 2d and 3d 


LOGARITHMS 

These Tables arc used in tliose parts of the several computations 
which are effected liy logarithms. The more general tables stand 
first, and the others follow nearly in the order already observed. 

Taule 64. LogakithxMs of Numbichs. 

Tlie Table contains the logs, of iiuml)ers from 1 to 9999, to six places, 
with differences and proportional j>arts. 

The ditf. IL is the mean of the difls. bedwetm each log. and the suc- 
ceeding one in the same liiK’ ; and is near enough for most cases, 

I. Divert jjroress ; to find the logarithm of a given number. 

1. To find the logarithm to any number coiiM^ling of two or three figures. 
Look for the number at, the .side, and takeout the log. against it. Thus, the 
log. of 717 is 800 ;) 1 9. f 

2. To find tlie logarithm of a number consisting of four figures. Look 
for the three first figures at the side, and the fourth at the top; thus, the 
log. of 717(5 is 8.^).5882. 

3. To find tlu' logaritlnn of a number consisting of morc^ than four 
figures. Find fin' log. (if the first four figun\s; find the ditf. D. in tlie louan- 
part of the Talilo, in column D, and against it, under th(‘ 5th figure (or Gtli, 
if recpiired), are tlie parts, wliich add. 

Note , — Observe to set clown tlu; parts c’crrectly, carrying those for the 6th figure one place 
to the right of the parts above them, as a mistake ire(juenliy occurs iicre. 

* Sir .Tolin Hersi;hel having, soon after the ajijK’arance of this wodv, favoured nie with a 
communi(;ation respecting the magni(\ides or relative hrilliaiicy of tlie stars, to which that 
distinguished astronomer has paid particular attiaition, 1 have altered the numbers marked 
against several of the stars in the. first edition. 

f Tliis, however, is only part of the eouipletc logarithm, as adapted to the purposes of 
computation by logarithms, and requires the index'. See Nos. 57 and 58, y, 18. 
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Ex. 1. figs.) Find the log. of { 

26574. 

2657 log. 424392 D. 164 

Against D. 164, under 4 66 

Log. req. 424458 


Ex. 2. (Siap figs.) Find the log. of 
265748. 

2657 log. 4^439^ D. 164 

4 (parts 66) 66 

8 (parts 131 -f- 10) 13 

Log. req. 424471 


II. Inverse Process ; to find the number corresponding to a given log. 

1, When the natural number is not required to consist of more than four 
ifigures, it is taken out at once. 


Ex. Given the log. 645820, required the natural number. 

The nearest log. in the Table is 645815 ; tJie figures at the side are 442, annexing to 
which that at the top, or 4, gives 4424, the number required. 


The placing of the decimal ])oint is din^ctod in No. 59, p. 18. 

2. Wlieri tlie Number is to consist o\i Jive figures. Take out the next 
Jess log. to the om; giv(?n, and note down the four figures of the corre- 
sponding number. Not(‘ the difb D. 

Subtract this next less log. from the given one, and look for the re- 
mainder among the parts standing against 1), in the lower part of the Table; 
note tlie figure at the top under which the remainder is found, and add it to 
the four taken out. 

3. When the Number is to consist o\' six figures, the more direct and ac- 
curate method is to take the diff. between the givem log. and the next less in 
tlie Table, annex 2 ciphers, and divide by the diff. between the next less and 
the next greater; the quotient is the number of figures to be annexed to the 
natural number, answering to the next less log. 

The placing of the decimal point is directed in No. 59, p. 18. 


Ex. 1. {Five figs.) 
the log. 424471. 

Given 

Next less (2657) 
Rem. 

5th fig. 4, next less 
Numb. req. 


Find the No. to 


424.^71 

42439^ 

79 

66 

26574 


D. 164 


Ex. 2. {Six figs.) Find the No. to 
tlic log. 424471. 

Given log. 424471 

Next less (2657) 424392 79 

Next greater 4.24555 163 

Then 7900 -J- by 163, gives 48, and the 
numb. req. is 265748. 


Table 65. Log. Si.nes, Cosines, &c. to Quarter Points. 

These quantities are convenient in working by logarithms some of the 
problems in the chapter on the Sailings, p. 82. 


Table 66. Log Sines of Small Arcs to each Second. 

'I’he Table contains the log. sines from 0 to 30' (or log. cosines from 
88'^ 30' to 90°), to each second. Five places arc given as far as 1° and six 
beyond.* 

The Table is applicable to log. tangents, thus ; to find the log. tan. add 
the log. sec. to the log. sine; to find the arc to a given log. tan., find it as 
fiir a sine, subtract from tin* given log. the log. sec., and consider the rein, 
as a sine. 

For lOths of seconds proceed by proportion, or, in very small arcs, as 
directed for proportional logarithms. The last method is true in the 5th 
ulace for ares under 5', 


* Tlie symbol — 00, at 0, denoting the log. of the arc 0, to be infinite and negative, has 
no j ractical application. 
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Iable 67. Log. Sines of Small Arcs to Ten Seconds. 

The Table contains the lo". sines from 1*^ 30' to 4° 30' (or the Jog 
cosines from 85° 30' to 88° 30'), to each 10'', with parts for single seconds. 

The parts are true for each 2' and T in the units' place of the arc, and 
very nearly for others, as the parts under 32' serve from P 30' to 1° 35', 
and those under 37', from 1° 35' to 1° 39'. The error of using one column 
for the next will rarely amount to half a second. 

The parts for the log. cos. are to be taken as for the sine of the com pi. of 
the arc; thus, the parts for cos. of 87” 42', being those for sine of 2” 17' 
arc found under 17'. 

Direct Process. Find the sine or cos. for the next less 10'', add the parts 
for the sine, subtract those for the cosine. 

Ex. 1 . The log. sine of 2° 22' 3?" is 8*617417 for 2° 22' 30", adding the parts under 
22' for 7", or 356, which gives 8*617773. The log. cos. of 87° 46' 14" is 8*590181 for 
87° 46' 10", deducting 218 (the parts for 4" under 12'), or 8*589963. 

Inverse Process. For the sine look for the next less ; for the cosine look 
for the next greater; note tlic deg., min., and 10". 

Take the dilf. between the sine or cos. taken out and the given one 
look for it in the col. of parts ; take out the corresponding seconds and add 
them. 


Ex. 1 . Find the arc to the log. sine 
8*508462. 

Given 8*508462 
Arc 1° 50' 50" Next less 8*508321 

2 Pts. at32' 141 

Arc req. i 50 52 


Ex. 2 . Find the arc to the log. cosine 
8*758561. 

Given 8*758561 
Arc 86° 42' 40'' Next gr. 8*758688 

3 Pts. at 17' 127 

Arc req. 86'"’ 42 43 


For extreme precision proceed by proportion. 

The Table is used for tangents by the rules in cxpl. Tabic 66. 


Tarle 68. Logarithmic Sines, Cosines, Tangents, Cotangents, 
Secants, and Cosecants. 

The Table contains the terms to half-minutes, and to six places. 

7Tie second column and the last but one contain a time scale, cor- 
responding to the u|)per and lower degree; thus 73° 33' 30" corresponds 
to 4** 54"™ 14®. 'Fliis scale is very convenient for converting arc and time, 
but it is introduced to suit those rules in wliicli the time, itsell is an argu- 
ment. 

The parts for each second arc given, beyond 9° ; from 4° to 9°, to each 
10"; but und(T 4° tJie variation is too rapid for tlieir inse»tion, and recourse 
will be had for precision to Tables 66 and 67. The parts are true for tim 
middie term of the argument; thus, the parts from 20” 30' to 20° 45, are 
true for 20° 37'^^, and approximate for the rest, but the inaccuracy in the 
extreme case corresponds only to ^ of 1". 

It is, of course, the more corn^ct way to take the parts with reference to 
the nearest tei*m, and to apply them accordingly ; thus, to find the sine of 
9° 40' 28", find it for 9° 40' 30", and subtract the parts for 2". 

* The ditr. D., in tlic early portion (inserted merely for uniformity), is not that of 
“Wo consecutive terms, but corresponds to half tha tabular interval on both sides of a term. 

This is done to avoid breaking the continuity of the horizontal lines, which must occur 
*hen actual diffs. are exhibited, and is teasing to the eye. 
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For greater accuracj’^ proceed hy proportion. 

Direct Process. When the given angle is less than 45°, its log. sine, &c 
are taken from the top ; when greater than 45°, from the bottom ; thus, the 
log. sine of 28° IT is 9 675(>24 ; the log. .sine of 84° 3' is 9-997654. In 
like manner, the log. sine 9*452060 corn^sponds to the arc 16° 27", the 
cotangent 9*47714 to the are 73° 18'. 

The log. sine of an angle is the log. cosine of the complement of the 
angle to 90°, whether in excess or defect ; so, likewise, the log. cosine is the 
log. sine of the complement ; and the> like holds of the tangent and cotan- 
gent, secant and cosecant. 

When the given angle exceeds 90°, find the log. sine, tangent, or secant, 
for the supplement to 180°. But it is generally easier to find the log. co- 
sine, co-tangent, and co-secant, for the cjlccss above 90°. 

Ex. 1 . The log. sine of lay” 50' is the log. sine of 52° 10', or the log. cos. of 37" 50", 
which is 9*897516. 

Ex. 2. The log. cos. of 163° 49' is the log. cos. of 16° 11', or the log. sine of 73° 49', 
which is 9*982441. 

Ex. 3 . The log. coscc. of 97° 4' is the log. coscc. of 82° 56', or the log. sec. of 7° 4', 
which is 0*003312. 


In like manner to find the log. cc-sine, c^?-tangent, or cc-secant, of an 
arc above 90°, take out the log. sine, tangent, or secant, of the excess above 

90°. 

To find the log. sine, t^c. nf an arc given to si'conds. Find the log. sine 
(or cosine, iSrc.) for the next loss minute or half-minute ; take out the parts 
for the seconds, or for the excc.ss above 30". 

For the sine, tangent, and se cant, add the parts. 


For the co-sine, co-tangemt, and co 
Ex, 1 . Find the log. sine of 53° 25' 1 3'^ 


53° 25' o" sine 9*904711 

1 3 parts + 20 

Log. sine req. 9*904731 

Ex. 2 . Find the log, tan. of 1 1"" 19' 54". 

19' 30" tan. 9*301624 

24 parts + 262 

Log. tan. req. 9*301886 

Ex. 3 . Find the log. sec. of 38° 42' 46''. 

38° 42' 30'' 0*107716 

16 parts + 27 

Log. sec. req. 0*107743 


■secant, snhtracl them. 

Ex. 4 . Find the log. cosine of 72° 10' 45". 
72'^ 10' 30" 9*485879 

15 parts —98 

Log. cos. req. 9-485781 

Ex. 5 . Find the log. cotang, of 84° 3' 22", 
84'^ 3' o" cot. 9 * 0^7959 

*0 parts 408 I 

Log. cotang. req. 9 017510 
E\*. 0 . Find the log. cosec. of 68'^ 14" ii"« 
68^14' o" coscc. 0*032124 

1 1 parts — 9 

Log. cosec. req. 0*032115 


In working to five ])Iacos, the last figure of the parts must be (Irojipod, 
the remainder being increased by 1 whmi the figure droppiMl excc^eds 5. 

In working to J* of time, the parts for 15'' are to be (‘inployed. In the 
earlier part of the Tabhs //e/^*the D. for 30" may be conveniently (unployed. 

It is convenient in dealing with parts of contrary application, to mark 
those additive with and subtractive with — ; to sum each kind sepa- 
rately ; and to take the diff. of the two sums, marking it with the sign nl 
die greater. An example will be found, p. 264, top, the parts are, -f 
-f 5, — 97, and 05 ; the sum of the -H ones is -+-58, then the difference 
between 58 and 97 is 39, to be marked — 39, or subtractive. 

Inverse Process. To find the Arc, to seconds, (jorresponding to a given 
leg. sine &c. ; 
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For the sine, tangent, or secant, take out the next less ; for the co-sine, 
co-tangent, or co-sccant, take out the next greater ; and note the degree and 
minute, or half-minute, of the quantity thus taken out. 

Take the diff. between this quantity and the given one ; find the remainder 
in the column of Parts ; take out the seconds corresponding and add them 
to the arc noted. 


Ex. 1 . Find the arc to the log. sine 
9*202470. 

Given 9*202470 
9®io'o" Next less 202234 
18 Rem. 236 

Arc req. 9 10 18 


Ex. 2. Find the arc to the log. cosine 
9*897796. 

Given 9*897796 

'37^’ 47' o" Next gr. S97810 
8 Rem. 14 

Arc. rcq. 37 47 8 


When the parts are not givcni for seconds beyond 10 (as for the log. sine 
and tang, from 4° to 8°), if the remainder exceeds the parts given, take 
away. the parts for 10" or 20" ; add 10" or 20" accordingly, and also the 
seconds corresponding to this last remainder. 


Ex. 1 . Find the are to the log. tangent 


9*127945. 

V'* 38' 30^^ 

Given 
Next less 

9*127945 

1^7651 


lO 

Parts 

0 4 - 


8 

llcm. 

134 

Arc req. 

7 38 48 




Ex. 2. Find the arc to the log. cosec. 


10*881005. 

Given 

10*881005 

7 ° 33' 0" 

Next gr. 

881433 

20 

Parts 

428 

11? 

7 

Rem. 

no 

Arc req. 7 33 27 




When greater precision than that afibrded by the parts is required, the 
log. sine, &c., or the arc, may be found by means of the proportional part of 
the uitf. between two terms, or for 80". 

The log. cosec. is the arith. eonipl. of the log. sine. 

The log. cotan. is the ar. co. of the log. tan. 

The log. sec. is the ar. co. of the log. eosinc. 

The log. tan. is the sum of the log. sine and log. secant ; thus all may o« 
obtained from the log. sine. 


Taule G 9 . Log. Sine Square. 

The title is an abbreviation of the logarithm of the square of the sine of 
half the arc. The log. sine scpiaro is given to each 15" of arc or 1* of time. 
In order to lessen the bulk of the table, the index, and one or two figures, are 
taken up at the head of the column, unless these figures cliange, when the 
whole is given in full. Five places only are inserted as far as O'* 44”*, and 
six afterwards. 

Each column contains 1.5', or 1”* ; the minutes and quarters (of arc), 
above the next less 15', are given on tlic left-hand side, and the seconds of 
time on the right. Thus the log. sine square of 143^ 37' 15", or 9*955473, 
is found under 143*^ 30' and against T 15", and covrespomls to O*’ 34*” 29* 

The parts for seconds, when not the same for the whole page, are given 
lor the first and last columns ; parts for intermediate columns are therefore 
between the giv('n parts. 

1. Direct Process, To find the log. sine square of an arc to the nearest 
9*icond, Take the log sin. sq. for the next less 15", and add the parts for 
the seconds. 

To find the log. sine square for the tenth of a second of time. Consider 
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the tenths as seconds of arc, take out the parts, increase them by half, and 
add the sum to the log. sine square of the whole second. 

Ex. 1 . Find the log. sine square of Ex. 2. Find the log. sine square of 
38° 1 1' 22" 3*' 42"' 57**3‘ 

38° 11' 15'' 9*029400 42™ 57» 9*33946^ 

7 parts 43 parts to 3"', 12, 12 + 6 = ^ 

Loo. SIN. sa. req. 9*029443 Loo. sin. sq. req. 9*339484 

The log. sine square to seconds in the early part of the Table, where, on 
account of the great and irregular variation, no parts are given, is found by 
proportion. 

Ex. Find the log. sine square of 1 ® 36' 4". 

I® 36' o '* 6*28991 Then 15 ; 226 : : 4 ; 60, the parts, and the 

1 36 15 29217 LOG. SINE sauARE lequircd is 6*29051. 

diff. 226 

‘2. Inversf^ Process, To find tlic arc, to T', corresponding to a given log. 
sine square. From the given log. sine square subtract the next less in the 
Table, to wliich take out the arc, noting it down. 

Find the seconds at the bottom corresponding to the difference, and add 
them to the arc. 

Ex. Find the arc, to corresponding to 9*029443. 

Next less 9*029400, arc 38® 11' 15'' 43 at D. 90 gives 7", which adiled to 

given *029443 38'^ * the arc required, 38° 1 1' 22". 

diff. 43 

To find the time, to the tenth of a second, corresponding to a given log. 
sine square. 

F^ind the time corresponding to the next loss log. sine square in the tabic. 
Take the diff. between the given and the next less logs. Find this diff. among 
the parts ; take out the seconds of arc corresponding, and subtract from it ]-^3d 
of itself. The rcra. is the number of tenths, to be added to the time of the 
next less. 

The above is correct enough for common practice, but for greater pre- 
cision the difference between two terms must be employed, and the result 
deduced by proportion. 

To compute a Term, Take the log. sine of half the arc and double it. 

Table 70. Logarithms for coxMputing the Reduction to the 
Meridian at Sea. 

The Table is entered with the Declination at the top and the Latitude at 
the side. The cases omitted are not eligible. See p. 2B2. 

The cases which appear above the vacant spaces in Part 1. are those in 
which the body passes the meridian between the pole and the zenith ; those 
below the spaces an; the more common cases, or those which occur between 
the tropics and the arctic circles. 

To compute a Term. Add together 0*301 OB, the log. cosines of tlie lat. 
and deck, and the log. sec. of the meridian altitude. 

The procesa- of computing the meridian alt. may be avoided thus: when 
the lat. and decl. are of the same name, employ the log. cosec. of their 
difference (unless the body is below the pole, when employ the coscc. 0 
their sum), when of contrary names, the cosec. of their sum. 
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Ex. 1. 'Same name.) Lat. o° N., Ex. 2- ((Vy/Z/^rv names j Lat. no'''' N., 

Decl. i 7°N. ' Dccl. 17 S. 

0*3010 0*3010 

Lat. 9° cos. 9*9946 L;>t. <f cos. 9*9946 

Deel. 17 cos. 9*9806 J)ccl. 17 cos. 9*9806 

Diif. 8 cosec. 0*8564 Smn 26 cosec. 0*3582 

Log. required 1*1326 Log. required 0*6344 

When the lat. exceeds 62° or the decl. exceeds the logaritliin must 
Ije computed. 

Table 71 . Logarithms for computing the Correction of the 
Latitude by Account. 

The Table is entered xvith tlie two Aziiimths, either of the same body at 
different times, or of two diderent bodies. Nee No. 752 (7), p. 247. 

'LIk^ cas(\^ omitted are not eligible. 

Part 1. is used when both a!(iUi<les aro taken on th(» srnne side both of 
the meridian and prime vertical, and Part II. when on diflcrent si<le.s of either 
of these circles. 

Tofomjmtcthc Loff. for P(trf L To 8*8239 add tlu^ log. cosecants of 
the azimuths, ami the log. sim; of their difyorenve. 

For Fort II, To 8*8239 add the log. co.secants of the azimuths, anti 
the log. sine of their sum. 

Ex, 1 . Azimuths S. 70° W. and S. Ex. 2 . Azimuths S. 10^ W. and S, 

iPW. (or 6*ame side). tP E., or N. 70^^ W. ami S. iP W. tor 

different si<U‘s). 





8*8239 

Az. 


8*8239 

Az, 

70“ 

cosec. 

0*0270 

70° rosor. 

0*0270 

Az. 

II 

cosec. 

0*7194 

Az. 

1 1 eosec. 

0*7194 

Diff. 

59 

sin. 

9 ' 933 « 

Sum 

St sin. 

9*9946 


Log. required 

9*5034 

1 

IjOG. required 

9*5649 


Table 72 . Logakithms foh computing the Equation of Equal 

Altitudes. 

These are given to each 10"\ See No. 806 (4), p. 272, 

To vomjmte Lot], A To 3*2853 1 add the log. id’ the interval (in st eomis 
of time), and the log. cosec. of Iralf the interval; take the arith. compl. of 
the sum. 

To compute Log, /?. 'To 3*28534 add the log. of the interval (in seccuds). 
and the log. cot. of half the interval; lake the arith. compl. of the sum. 

Ex. I uterval 4*' 30'". Compute the logs. A. and B. 

3*28534 

4* 30'** = 1620c* log. 4*20951 

2 15 COSfC. 0*25526 

7*"SOT J 

Log. a. 2*24990 I Loo. B. 2*3300 

Table 73 . The Logarithmic Difference. 

This (piantity is given for Ealireiilieit's thermometer at 50°, and the 
Barometer at 30 inches. 

The 'Fable is mitered like 'Table 39. The ]»ails for " of parallax and 
for ' of alt. are appfu'd us directml in the 'Tabh*. 


3*^8534 

4*20951 
2*' 15'" rot. 0*17511 

7*6b996 


E B 
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EXPLANATION OP THE TABLES. 


The parts for the sun’s or star’s alt. are given at the bottom. 

To correct the log. diff. for any other height of the thermometer and 
barometer than those given in the Table. Find the correction of the mean 
refraction for each body by Tables 32 and 33. 

With the moon’s alt. and her atmospherical correction, thus found, as 
seconds of parallax, take out the parts. 

With the sun’s (or star’s) alt. as the moon’s alt., and his atmospher. corr. 
as seconds of parallax, take out the parts. 

When the atmospherical correction is +, add the parts to the mean or 
ordinary log. diff.; when — , subtract them. 


Ex. (Mean state.) 2) ’s app. aH. 27° 18'; 
hor. par. 60^42^'; ©’s alt. lo"' 20'. 

27'^ 10' and 60' 9*996721 . 

8' parts —17) 

42'' -42 [ 

© 10° — 8 ) —67 

Rrijuired Loo. diff. 9-996654 


E.x. The game corrected for bar. 29*2, 
and therm. 84^^. 

Mean log. diff. 9*99673^* 

pts. “- 67 ^ 

1> Th. 84° -r 

IW. 29*2 —3 


5 Atmos, corr. — ii — ii \ 

© Th. 84*^ --20 

Rar. 29*2 — 9 

© Atmos, corr. —29 — 

Log. diff. 9 


-^9 

•996632 


When a planet is employed, consider it as a star, and its horizontal 
paralla.x as seconds of moon’s parallax. With its alt. take out the parts and 
subtract them. 

To conqmte the Log, T>{ff* Add togetlicr the log. secants of the app. 
alts., and the log. cosines of the true alts. ; tiie sum is the log, diff. 


Ex D A. Alt. 18', Hor. Par. 60' 42"'. © A. Alt. io'^2o': required the Log. Diff, 

for the mean state of the atmosphere, as also for the therm. 84“, and barorn. 29*2 in. 


Mean State. 


Corrected for Therm, and Barom. 



17'^ 18 ' 

0" 

sec. 

0*051285 

}) 

27 

18 ' 

0 " 

sec. 

0*051285 


+ 52 

5 




•f 

52 

16 




28 10 

5 

cos. 

9 ’ 945^55 


28 

10 

16 

cos. 

9'945243 

0 

0 

0 

0 

sec. 

0*007102 

© 

lO 

20 

0 

sec. 

0*007102 


-s 

2 





-.4 

33 




10 14 

58 

cos. 

9-903014 


10 

15 

27 

cos. 

9*993003 



Lug. 

DIFF. 

9*996656 




Log. 

DIFF. 

9*996633 


The results by the two methods agree as nearly as cati Ixi exp(?cted froiL 
processes in which each of the several parts employed has its own particular 
inaccuracy. 


Table 74. Proportional Logarithms. 

These logarithms are given to every second of time, or arc, for 3^ or 3®. 
Tlie Table is entered with the hour or degree and the minute at the top, and 
the second at the side; thus the prop. log. of 2' 27" or of P 2*" 27^ is 
4o97, that of P" 2 * is 2*2410. The index 0 proper to quantities above 19‘“ 
(or 19') is suppressed for convenience. 

To find the prop. log. of an arc under 18', to the tenth of a second. Pat 
the proper index, and find the decimal part due to ten times the arc. 

Ex. Find the prop. log. of 7' i3"*7 ; the index of 7' 13" is i ; the dec. part of the log. 
due to 70' 137'', oif 72' 17", is 3962, the prop. log. required is 1*3962. 

So the prop. log. of an arc, under P 48" may be found to the hundredth 
of a second by multiplying by 100 . 



EXPLANATION OP THE TABLES. 
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To find the arc or time to the tenth of a second to a given prop. log. 
exceeding 1*0000. Look in the Table till the decimal part again occurs, and 
divide the arc by 10. 

Ex. Find the time to the prop. log. 2*5106. Look for 1*5106; the nearest found is 
1*5110, against 5™ 33*, or 333*; hence the time required is 33''*3. 

Four places are enough for common purposes; but since the fourth place 
ceases to change by I after P 18™, a greater time than this cannot be found 
truly to 1*. So also, a time exceeding 2** 2.3™ cannot be found truly to 2*. 
This defect may be avoided in some cases by employing the complement of 
the interval to 3**. 

To convert a given log. sine of an arc less than 1° 30' into a prop. log. 
add 8*7190 to its arithmetical complement. To convert a prop. log. of an 
arc into a log. sine, less than l'|, add 8*7190 to its arith. compl. 


Ex. 1 . Convert the log. sine 8*3507 
into a prop. log. 

log. sine 8*3507 
ar. CO. I ‘649 3 

const. 8*7190 

Arc 1° 17' 5" Prop. log. 0*3683 


Ex. 2 . Convert the prop. log. of 0° 25 d\ 
or 8573, into a log. sine. 

pr. log. 0*8573 
ar. CO. 9*1427 
8*7190 
Log. sine 7*8617 


When the terms of an analogy are all sexigesimals, the rules given in 
p. 20, Nos. 30, &c., apply to the proportional logarithms ; but if two of the 
terms are not sexigesimals, the arith. complements of the logs, of these last 
must be used.^ 

To compute a Prop* Log, From 4*03342 (the log. of 10800, the number 
of seconds in 3** or 3°) subtract the log. of the given time or arc in seconds; 
the result is the prop. log. requinnl. 

Ex. Find the prop. log. of 2^ 1 28*. 

const. 4*03342 
a** 11™ 28* = 7888‘, log. 3*89697 
Prop. log. 0*13645 

As the Proportional Logarithms are, gonorally, the hist employed in a 
computation, this Table naturally closes the collection. 


* The proportional logarithms are often convenient, but they might be replaced with 
advantage by common logarithms. The prop, logs., unlike the common logarithms, conti- 
nually decrease mstead of increasing with the argument. This progression is always repug- 
nant to the mind, and should he avoided when the change involves no sacrifice. Again, 
these logarithms require every factor with which they arc combined to be inverted ; that is, 
for ex., instead of multiplying by 2, they oblige us to divide by 2 . This, even to an expert 
computer, is the cause of perpetual mistakes in the changing of constants ; but to a beginner 
it has the mischievous effect of entirely destroying, in processes which may nevertheless be 
identical, every vestige of analogy. 

If common logarithms, with the same scale and the index prefixed, were employed, the 
logarithm attached, in the Nautical Almanac, to the lunar distance, would involve the con- 
stant for 3 **. Such logarithms would answer all the present purposes without being open to 
«ny of the above objections ; the log. in the Nautical Almanac would then be additive instead 
of subtractive. The proportional logarithms, originally computed for the purpose of sim- 
plifying a single step in a single com]»utation, are an exanqile of the ill effects of sacrificing 
pneral utility to a partial end ; and the substitution of others, at a fiivourable opportunity, 
is recommended as a reform deserving atteiLtioii. 




TABLES. 
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TKAVEllSE TABLE TO QUARTER POINTS 
^ Point. 


Diat. D.Lat Dep. iDist. D.LatJ Dep. iDist.lD. Lat. Uep. iDist. D.Lat. Dop, jDist. I). Lat. Dop. 


242 241*7 
24 a 242*7 

244 243*7 

245 244*7 
24 (j 24s *7 

247 246*7 

248 247*7 
24 !) 248*7 

250 249*7 

251 250*7 

252 251*7 

253 252*7 

254 253*7 

255 254*7 

256 255*7 

257 256*7 

258 257*7 

259 I 258*7 

260 259*7 

261 260*7. 
2()2 261*7 

263 262*7 

264 263*7 

265 264*7 

266 265*7 

267 266*7 

268 267*7 
26 !) 268*7 

270 ^69*7 
~^fi 270*7 r 


22 22*0 

23 23*0 

24 24*0 

25 25*0 

26 26*0 

27 27*0 

28 28*0 

2!) 29*0 



40 48*9 

50 49*9 

50*9 

6.) 52.5 

li 53-9 
55 54.5 

55-9 

H S ^'9 


jjJistJ Dep. 


272 271*7 
27:1 272*7 

274 273*7 

275 274*7 

276 275*7 

277 a 76'7 

278 277*7 

270 278*7 

280 279*7 

281 280-7 

282 281*7 

283 282*7 
281 283*7 

285 284*7 

286 285*7 

287 286*7 

288 287*7 
28 !) 288*7 
2!)0 289*7 

201 290*6 

202 291*6 
2!)3 292*6 
204 293*6 
2!)5 294*6 

206 295*6 

207 296*6 

208 297*6 
200 298*6 
300 299*6 I 


Oep. Dfj*. |D. J. tjl)ist.| Dep. jD. L*at.jDist.| Dej). |D.L*at. 

Points. ” 87" IP 
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TABLE 1 


1 TKAVERSi: TABLE TO QUARTER-POINTS 


4 Point. 



6° 37 

Di^tJl).Lat| I)op, I 

bistJo. Lat.l Dep. iDistJ 1). l/at.l Dop. 

loist.lD. L:it. 

Oep. 

iDistJo. Lat.| .7) 


3*0 0*3 

4*0 0-4 


() 6-0 

7 7-0 

« 8-0 


7- 0 0-7 

8- 0 0*8 

9*0 0*9 


' 1-3 

I 13*9 1*4 



23-9 I •2*4 


I - 9'9 I ^-9 
30-9 I 3*0 


33 -‘^ 3-3 
34'8 3’4 


41 40*8 4*0 

42 41-8 4-1 

‘Hi 42*8 4‘2 

44 43-8 4-3 

45 44*8 4-4 

4 f) 4;; -8 4’s 

47 46-8 4-6 

4 }i 47-8 4*7 

4U 48-8 4*8 

<j() 49'8 4*9 

51 50-8 5’o 

52 51-7 5*1 

5 ;i 52-7 5-2 

53*7 5'3 

55 54*7 5*4 

55*7 5*5 

57 r 6“7 5*6 

5 » 57-7 5*7 

59 58*7 58 

00 59*7 5*9 



121 120*4 
122 121*4 
[23 122*4 

124 123*4 

125 124*4 

1*20 125*4 

127 126*4 
120 127*4 

[?0 128*4 

130 120*4 

131 130-4 

132 131*4 

133 132-4 

'•*4 133*4 

135 134-3 
30 135*3 

137 136*3 
3 « 137*3 
30 138*3 

141 140*3 

142 141-3 

143 142*3 

144 143*3 

145 144*3 
140 145*3 
147 146-3 

143 147*3 

140 148*3 

‘50 140' 3 

51 150*3 

52 151-3 

53 152*3 

5 < J 53*3 
155 154*3 
50 155*2 
57 156*2 


1 01 i6o*2 

402 16 1-2 
103 162*2 
.104 165*2 
,105 164*2 

100 165*2 

107 j66-2 

loo 167*2 
100 i68*2 

170 169*2 

171 170*2 

172 171*2 

173 172*2 

17-4 173*^ 

175 174-2 

170 175*2 

177 176*1 

178 177*1 
170 178-1 
130 179- 1 


Dist.j l).LHt|Dist.| l^ep. jD.Liit Di.st.| Hep. !l). Liit.|l)ist 

74 Points. 



295*6 29-1 

296*6 29-2. 


l)ep. ll). L-atj 





TABLK 1 


15 


11 10*9 
12 1 1 9 
18 12*9 

14 138 

15 J 4 *^ 
If; 158 

17 i6*8 

18 17-8 
IJ) i8*8 

20 J9‘8 

21 20*8 
22 2 1-8 
28 22-8 


88 32*6 

84 336 


47 46-5 

40 48 -s 

^ 4 9-5 
•jl 50-4 


70 

69*2 

10*3 

71 

70*2 

10*4 

72 

71*2 

10*6 

78 

72*2 

10*7 

74 

73*2 

10*9 

75 

74*2 

11*0 

7« 

75*2 

11*2 

77 

76*2 

”•3 

78 

77*2 

11*4 

70 

78*1 

j I -6 


84 

85 
80 
87 

831 

84*1 

85*1 

86*1 

12*3 

12*5 

12*6 

12*8 

08 

801 

87*0 

88*0 

12*9 

13^ 

00 

89*0 

13*2 


108 101*9 
104 102*9 
lor» 103*9 

100 104*9 
107 105*8 

10« 106 *8 

100 107*8 

110 io8*8 

111 109*8 

112 110*8 
118 1 1 1-8 

114 112*8 

115 113*8 
110 114*7 

117 115*7 

IIH 116*7 
110 1 17*7 
120 ii8*7 


188 131*6 

184 132*5 
18.-) 133*5 

180 134*5 

187 135*5 
I8f{ 136*5 

180 137*5 

140 138*5 

111 139*5 

142 140*5 
148 141*5 

144 142*4 

145 143*4 

140 144*4 
147 145*4 
140 146*4 

140 147*4 

150 148*4 

151 149*4 

152 150*4 

1 58 151*3 

154 152*3 

155 153*3 
150 154*3 

157 155.5 

150 156*3 

150 157*3 

100 158*3 

101 159*3 


108 16 1 *2 
(>*4 162*2 
05 163*2 
Of; 164*2 
.07 165*2 
(iff i 66*2 
00 167*2 

70 168*2 

71 169*1 

72 170*1 

73 171*1 

74 172*1 

75 173*1 
70 174*1 
77 175*1 
7» 1-6*1 
171^ 177*1 
00 178*1 


225 222*6 
22(; 223*6 

227 224*5 

220 225*5 
220 226*5 

280 227*5 
28r 228*5 
282 229*5 
288 230*5 

284 231*5 

285 232*5 
280 233*4 
237 234*4 
280 235*4 
230 236*4 
240 237*4 


254 

251*3 

•3 


■jsuia 

Bticl 

250 

253*2 

37*6 

257 

254*2 

37*7 

258 

255*2 

37*9 

250 

256*2 

38*0 


2(il 258*2 
202 259*2 
208 260*2 

204 261*1 

205 262*1 
20(; 263*1 
2f;7 264*1 

200 265*1 

2f;o 266*1 

270 267*1 

271 268*1 

272 269*1 
278 270*0 

274 271*0 

275 272*0 
27^‘ 273*0 

277 274*0 

278 275*0 

270 276*0 
200 277*0 
^”2780 
202 278*9 


200 282*9 

207 283*9 
200 284*9 
200 285*9 

200 286*9 

201 287*9 I 

202 288*8 I 

208 289*8 


Disf. 


D.Lsit 
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TABLE 1 



TRAVKRSE TABLE TO QUARTER-POINTS 

1 Point. 

ll"* 15 ' 

|Dist.|D.L*at.| Dep.lllistJD. Lat.| Dep. iDisJD. Lat. Dop. 

iDist. D. Lat.l Dej 


3 a'9 

4 3*9 

5 4*9 

6 5'9 

7 6*9 

8 7*8 

9 8*8 

10 9*8 

11 10-8 

12 II-8 

13 ia-8 

14 13-7 

15 I4‘7 

16 15*7 

17 16-7 

1« 17*7 

19 i8-6 

20 19-6 

21 20*6 
22 21*6 

23 22*6 

24 23*5 

25 24-5 

2(5 25*5 

27 26-5 

28 27*5 

29 28-4 

30 29*4 

31 30*4 

32 31*4 

33 I 32*4 

34 I 33*3 

35 I 34-3 


43 ' 42*2 

44 ' 43*2 


12-3 1 123 




Diot.j ;D. Dep, jD.LafjDist. 



241 236*4 

242 237*4 

243 238*3 

244 239*3 

245 240*3 

246 241*3 

247 242*3 

248 243*2 

249 244*2 

250 245*2 

251 246*2 

252 247*2 

253 248*1 

254 249*1 

255 250*1 

256 251*1 

257 252*1 

258 253*0 

259 254*0 
2(»0 255.0 

261 256-0 

262 257*0 I 

263 257*9 ' 

264 258*9 . 

265 259*9 

266 260*9 

267 261*9 

268 262*9 , 

269 263*8 i 

270 264*8 

27r 265*F 

272 266*8 

273 267*8 

274 268*7 

275 269*7 

276 270*7 

277 27 i ‘7 

278 272*7 

279 273*6 

280 2 74*6 


283 277-6 

284 278*5 

285 279*5 

286 280*5 

287 281*5 

288 282*5 

289 283*4 
*290 284* 4 
Foi 285*4 

292 286*4 

293 287*4 

294 288*4 

295 289*3 

296 290*3 

297 291*3 

298 292*3 
209 293*3 
300 294*2 


Dt*p. D. L!ir.|J)is*t.| Dop. I 
7 Points, 


).Lat|oist. Dep. ID- 
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42 



■)» I 38-8 I 

41 39-8 I 


4f» 44-6 
47 45-6 
4H 46*6 


il 48-5 

51 49.5 

■>2 50-4 

Cl’/l 


61 

59*2 

14*8 

121 

117-4 

29-4 

62 

6o*i 

15-1 

122 

118*3 

29*6 

63 

61* 1 

15-3 

123 

119*3 

29*9 

64 

62* I 

15-6 

124 

120*3 

30*1 

65 

63*1 

15-8 

125 

121*3 

30-4 

66 

64*0 

i6-o 

126 

122*2 

30*6 

r>7 

65*0 

16-3 

127 

123*2 

30*9 

68 

66*0 

16*5 

128 

124*2 

31*1 

69 

66*9 

i6*8 

129 

125*1 

31-3 

70 

67*9 

17*0 

130 

126* I 

31-6 

71 

68*9 

17-3 

131 

127*1 

31*8 

72 

69*8 

17*5 

132 

128*0 

32*1 

7:1 

70*8 

17-7 

133 

129*0 

32-3 

74 

71*8 

i8*o 

134 

130*0 

32*6 

75 

72-8 

18*2 

135 

131*0 

32*8 

76 

73-7 

18*5 

136 

131*9 

33-0 

77 

74-7 

i 8*7 

137 

132*9 

33-3 

78 

75*7 

19*0 

138 

133-9 

33-5 

79 

76-6 

19*2 

139 

134-8 

33-8 

80 

77*6 

19*4 

140 

13 5-8 

34-0 

81 

78-6 

19*7 

141 

136*8 

34-3 

82 

79*5 

19*9 

142 

137*7 

34*5 

83 

8o*5 

20*2 

143 

138-7 

34-7 

84 

81-5 

20*4 

144 

139*7 

35-0 

85 

82-5 

20*7 

145 

140*7 

35'^ 

86 

83-4 

20*9 

146 

141*6 

35*5 

87 

84-4 

21*1 

147 

142*6 

35-7 

88 

85-4 

21*4 

148 

143*6 

36-0 

89 

86*3 

21*6 

149 

H4-5 

36-2 

90 

87-3 

21*9 

150 

H5-5 

36-4 


105 ioi’9 
100 ioz*8 

107 103-8 

108 104-8 

109 105*7 

110 106-7 

111 107*7 

112 io8-6 

113 109*6 

114 110*6 

115 III-6 

116 11Z-5 

117 113-5 

118 1 14* 5 

119 115-4 

120 116*4 



51 146*5 

52 147-4 

53 148*4 

54 149-4 

55 150*4 

56 151*3 

57 152*3 

58 153-3 

59 154-2 

60 155*2 

61 i56*z 

62 1571 

63 158*1 

64 1 59 ’ I 

65 160*1 

66 161*0 

67 i6z*o 

68 163*0 

69 163*9 

70 164*9 
'7T 165*9 

72 i 66-8 

73 167*8 

74 i 68*8 

75 169*8 

76 170*7 

77 ^71*7 

78 172*7 

79 173-6 

80 174-6 



241 z33*8 

242 Z 34*7 

243 Z35-7 

244 Z36*7 

245 Z 37*7 

246 z38*6 

247 239-6 

248 z4o*6 

249 241*5 

250 Z4z*5 

251 243*5 

252 244*4 

253 245*4 

254 246-4 

255 247-4 

256 248-3 

257 249*3 

258 250*3 

259 25i*z 

260 2 5Z-Z 

261 253*2 

262 254-1 

263 255*1 

264 256*1 

265 257*1 

266 258-0 

267 259*0 

268 260*0 

269 260*9 

270 261*9 ‘ 


271 262*9 

272 263*8 

273 264*8 

274 265*8 

275 266-8 

276 267*7 

277 ^^68*7 

278 269*7 

279 270*6 

280 271*6 

281 272*6 

282 273*5 

283 274-5 

284 275*5 

285 276-5 

286 277-4 

287 ^78*4 

288 279*4 

289 280*3 

290 281*3 

291 282*3 ' 

292 283*2 

293 284*2 

294 285*2 

295 286-2 

296 287-1 

297 288-1 

298 289*1 

299 290-0 

300 291*0 


."W Dep. 


I D.l.atjDi.sf.l (I). Lat.|l)i.stj Dop. I'D. r^Bt.Jl^i: f.j Dep. ID. Lat. 

fiji I’oiins. 75'^ 56' I 
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TRAVERSE TABLE TO QUARTER-POINTS 

iyToints] 16® 6? 

DistJuXat Dep. Dist.|D. Lat. Pep, [pist. D. Lat. Pep, jpist. D. Lat. Pep. DistP. Lat. Pep. 




90 

86* I 1 

26* I 


in 

92 

87*1 1 
88*0 

26-4 

26*7 



141 1^4*9 

112 135*9 

14.4 136*8 
144 137.8 

14r> 138*8 
146 ^39*7 
117 140*7 

14« 141*6 

149 142*6 

150 143*5 

151 144*5 

1,52 145*5 
1,54 146*4 

1.54 147*4 

1.55 I4ji*3 

1.56 149*3 

157 150*2 
1,5« 151*2 

159 152*2 

160 153*1 

161 154*1 

162 155*0 


16.5 157*9 

166 158*9 

167 159*8 

168 160*8 
109 i6i*7 
170 i 62.*7 


17‘^ 165-6 

174 166*5 

175 167*5 

176 i68*4 

177 169*4 

178 170*3 

179 171*3 


182 174*2 
184 175*1 
184 176*1 

186 177*0 

18G 178*0 

187 178*9 

188 179*9 

189 180*9 

190 181*8 


195 i 86-6 

196 187*6 

197 i88*5 

198 189*5 

199 190*4 

200 191*4 
2(ri 192*3 
202 193*3 
20.*} 1 94* 3 
204 195*2 


208 199*0 

209 200*0 

210 I 201*0 


241 221*1 

242 222*0 
244 223*0 
244 223*9 
2,45 224*9 
246 225*8 
237 226*8 
248 227*8 

239 228*7 

240 229*7 


241 230*6 

242 231*6 
244 232*5 

244 233*5 

245 234*5 

246 235*4 

247 236*4 

248 237*3 

249 238*3 
260 239*2 

251 240*2 

252 241*1 
263 242* I 
2.54 243-1 

255 244-0 

256 245-0 

257 245-9 

258 246*9 

259 247-8 

260 248*8 

261 249-8 
202 250*7 

263 251*7 

264 252*6 

265 253*6 

266 254*5 

267 255*5 

268 256*5 

269 257*4 

270 258*4 
259*3 

272 260*3 
27.3 26 1 -a 

274 262*2 

275 263-2 

276 264*1 

277 265-1 

278 266-0 

279 267-0 

280 267-9 

281 268-9 

282 269-9 

283 270-8 

284 2 . 71*8 

285 272*7 

286 2 73*7 

287 I 274-6 

288 275*6 

289 276*6 

290 277 *S 

291 278*5 

292 279*4 
2 P .3 280*4 

294 281*3 

295 282*3 

296 283*3 

297 2 84 * a 

298 285*2 

299 286*1 

300 287*1 
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TAIM.K I 


TRAVERSK TAREK TO QUA HTER-POINTS 


DistjD.Kat* Dep.loist.lD. Lat.I Dep.lDistJD. Lat.l Dei). iDist.lD.Lat I Dep. luis' 


2 - 2 ° 30 ' 
|Dist.|D. Lat.n^e 


0*9 

0*4 

1*8 

0*8 

2*8 

1*1 

3*7 

1*5 

4-6 

1*9 

5*5 

2*3 

6*5 

2*7 


11 

10*2 

12 

11*1 

13 

12*0 

14 

12*9 


16 

14*8 

17 

15*7 

18 

i 6*6 


20 

1 iH *5 

21 

1 J 9‘4 



26 23*1 
26 24*0 
27 24*9 

23 25*9 

20 26*8 
30 27*7 


31 28*6 

32 29-6 

33 30- 5 

34 31*4 

35 32-3 

36 33*3 

37 34*2 

38 351 
30 , 36-0 

40 37*0 

41 37*9 

42 38-8 

43 39*7 

44 40*7 

45 41*6 


123 113*6 

124 114*6 

125 115*5 

126 11 6*4 

127 117*3 

128 118-3 

120 119*2 

130 120*1 


153 141*4 

151 142*3 

!;».» 143*2 

156 144*1 

157 145*0 

158 146*0 

150 146*9 

160 147*8 

TTir 148*7’ 

162 149*7 

163 150*6 

164 151*5 

165 152*4 

166 153*4 

154*3 


172 158*9 

173 159*8 

174 i 6 o *8 

175 i6i*7 

176 162*6 

177 163*5 

178 *164*5 

179 V 5*4 

180 166-3 


241 

222*7 

242 

223*6 

243 

224*5 

244 

225*4 

245 

226*4 

246 

227-3 

247 

228*2 

2481 

1 229*1 

240 1 

1 230*0 

250 

231*0 














TABLE 1 



181 163*6 

1TJ2 164*5 
18 il 165*4 
184 166*3 


23 20*8 

24 21*7 

25 22*6 

26 23*5 


21) 26*2 

30 27*1 


31 28*0 

32 28*9 

33 29*8 


3 G 

32-5 

15*4 

37 

33*4 

15*8 



i 8 * 4 |i 03 
18*8 1 104 


180 ! 168*1 

187 169*0 

188 169*9 

189 170*9 

190 171*8 

191 172*7 

192 173*6 

193 1745 

194 175*4 

195 176*3 

190 177*2 

197 1781 

198 179*0 

199 179*9 

200 i8o*8 

20 r 181*7 

202 182*6 

203 183*5 

204 -^84*4 

205 185*3 

200 i 86*'2 

207 187*1 

208 i88*o 

209 1 88 *9 

210 189-8 

211 190*7 

212 191*6 

213 192*5 

214 193*5 

215 194*4 
210 195*3' 



219 

220 

198*0 

198*9 

93*6 

94*1 

221" 

199-8 

j 94*5 


220 

204-3 

96*6 

227 

205*2 

97*1 

228 

2o6- 1 

97*5 

•J29 

207*0 

979 

230 

207*9 

9S-3 

23T 

208*8 

98-8 


241 217*9 

242 2i8*8 

243 219*7 

244 220*6 

245 221*5 
240 222*4 

247 223*3 

248 224*2 

249 225*1 

250 226*0 

251 226*9 

252 227*8 

253 228*7 

254 229*6 

255 230*5 
250 231*4 

257 232*3 

258 233*2 

259 234*1 

200 235*0 

201 235*9 

202 236*8 

203 237*7 

204 238*7 

205 239*6 
200 240*5 

207 241*4 

208 242*3 

209 243*2 
270 244*1 


271 245*0 

272 245*9 

273 246*8 

274 247*7 

275 248*6 
270 249*5 

277 250*4 

278 251*3 

279 252*2 

280 253*1 

281 254*0 r 

282 254*9 

283 255*8 

284 256*7 

285 257*6 
280 258*5 

287 2 S 9*4 

288 260*3 

289 261*3 

290 262*2 

291 263*1 

292 264*0 

293 264*9 

294 265*8 
2{»5 266*7 
290 267*6 

297 268*5 

298 269*4 

299 270*3 

300 271*2 



















4:}a 


TAULR I 


TRAVKUSK TAULK TO QUARTK^ 


24 1 oints. 







50 44* 1 

51 ■45-0 

52 45*9 
^ 5H 46*7 

54 47*6 

55 48*5 



1^3-2 7 

134M 7 

I 3 m '9 / 

J3.S*^ 7 

136- 7 7 

137- 6 

J 3 S -5 

139*3 

140-2 

14.2*0 

142-9 

; 143*8 

144*6 

• i45’5 

; 146*4 

J J47’3 
I 148*2 
I I49*f> 

) J 49*9 

I 150*8 

i 151*7 

152*6 

4 i53'5 

5 154-3 

6 155’^ 

7 156-1 
1570 

i ^57*9 
I 158-7 


l«l 159*6 

1«2 i6o*5 

\m 161*4 
I«4 162*3 
1H5 163*2 

l«0 164*0 

187 164*9 

188 165*8 
180 1 66 *7 
Jj)0 j67*6 

lof 168*4 
10*2 169*3 

IIKJ 170*2 

104 171** 

105 172*0 

15,S 172-9 

1J)7 173*7 

108 174*6 

100 175*5 

•J(M) 776*4 

201 177*3 

•20*2 178*1 
. *205 179-0 

> *204 179*9 

|. *205 j8c)-S 

5 *200 18 1*7 

207 182*6 

3 -2»t8 183*4 


*21 1 1861 ‘ 

212 187*0 ' 

218 187*8 I* 
*211 i88*7 I' 

215 189*6 I 

210 190*5 I 

217 ^91-4 I 

218 i 9?'‘3 * 

210 193-1 I 
220 _i^ 4 *o_ 1 

“ *221 194*9 ’ 

222 1 9 5 ■ 8 1 

228 196-7 ] 

224 197*6 J 

225 198*4 : 

2*28 199*3 

r ‘2*27 2:oo*z 
i *2*28 2CT*i 
j 220 2oz*o 
[ 280 202*8 
r 281 203*7 

I 282 204*6 

5 288 205*5 

D 284 206 *4 
5 285 207*3 

o 288 208 *1 
4 287 209*0 

9 288 209*9 

4 280 210*8 

-9 240 211*7 I 


1 212*5 11: 

213*4 II^ 
214*3 11-: 

215*2 Hi 
216*1 Hi 
217*0 H( 
217*8 H( 

2i8*7 h( 
219*6 H 
220*5 
22 1*4 H 
222*2 H 
223*1 II 
224*0 H 
224*9 12 

225*8 12 

226*7 12 

227*5 *' 

228*4 H 

230*2 i : 
; 231*1 1: 
; 231*9 1; 

L 232*8 1; 

) 233*7 * 

J 234*6 I 

7 235*5 1 
H 236*4 1 
!» 237*2 1 

1. 

I 239*0 1 

2 239*9 1 

13 240*8 1 

4 241*6 J 

5 242*5 1 

r> 243*4 ■ 
'7 244*3 
(8 245-2 

rO I 246*1 
30 246-9 

['ll 247-^ 

[}-> 248*7 

88 249*6 
84 250*5 
85 251*3 

88 252*2 

87 2531 
i88 254 0 
!8J) 2 54*9 
}0^ 2 55-j ^ 
JO I 256*6 
J02 257-5 
208 258*4 
204 2 59*3 


Dep.lD.LatDist.^ J)ep. OJ-it Dist] Dep. 


110*8 205 260*2 
1,1*2 208 261*01 

1,1*7 207 261*9 

,12*2 298 262*8 

112*7 209 2637 

,13*1 800 264*6 

D. Lilt Dist.l 1 >"*!>• 



Points. 
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TABLE 1 


TRAVERSE TABLE TO QUARTER-POINTS 

3 Points. 

33° 

45' 

t.fD.Lnt.l Dep. juist.lD. Lat.j Dep. iDist.lo. Lat. Dep. 

Dist. D. Lat. 

D« 



Di«t,jDe|>.|D.I.Ht|Dift».l De|.. lD.Lat|DistJ 


/ -j- 

240 I 199-6 I 133-3 300 
Dep. D. Lat.|Dist.i Dep. jo.Lat. Dist. 
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TRAVERSE TABLE TO QUARTER-POINTS 

^ l»oints. 36*^ 34' 

J)ist.jD.Latj J)ep. Disf. I). Lat.j Dep. DistJ]). T,at. Dep. Dist. D.Lat. Dep. Dist.j D. Lut.l Dep. 


21 16*9 

22 17*7 

23 iS-5 

24 i9’3 

2.J 20 - 1 

2f» 20*9 
27 21-7 
2 « 22*5 
23 23*3 





33 26*5 

34 27*3 

35 28-1 

36 28*() 


287 ^30*5 

288 231*3 
283 232*1 

230 232*9 

231 233*7 

232 2 34*5 

233 235*3 

234 236*1 

235 236*9 
*230 237*7 
237 ^38*6 
298 239*4 
293 240*2 
300 241*0 


Dis!. Dep. 
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TABLE 1 


TRAVERSE TABLE TO QUARTER-POINTS 

Points. 39 ® 22 ^ 

DisV U.Lal I)ep |l.)ist.jj). Lai. Dep.jDistJD. Lat. Uep. Dist.ll). Lat.j Dep. iDist.lD. Lnt. Dep. 


> 76-8 



«3 48-7 

04 49-5 


13 

10*0 

8*2 

14 

10*8 

8*9 

15 

11*6 

95 

16 

12*4 

10*2 

17 


10*8 

18 

13*9 

11*4 

19 

14*7 

12*1 

20 


12*7_ 

21" 

i6*2 

13-3 

22 

17*0 

14*0 

•23 

17-8 

14*6 

24 

18*6 ' 

15*2 

25 

19*3 

15*9 

26 

20*1 

i6*5 

27 

10*9 

17*1 

28 , 

21*6 

17*8 

29 

22*4 

i8*4 

30 1 

23*2 

19*0 


73 56-4 


fi2 634 

83 64*2 

84 64*9 

85 65-7 

8 (i 66*5 
07 67-3 
88 680 

80 68*8 
90 69*6 

01 70-3 

02 71* I 


95 73-4 

OG 74*2 


116 897 

117 90*4 


120j 92*8 




181 139*9 

182 140*7 

183 141*5 

184 142*2 

185 143*0 
18G 143*8 

187 144*6 

188 145*3 
180 146*1 

190 146*9 

101 147*6 

192 148*4 

193 149*2 

104 150*0 

105 150*7 
19G 151*5 
107 15^*3 

198 153*1 

199 153*8 

200 154*6 

201 155*4 

202 156*1 

203 156*9 

204 157*7 

205 158*5 
20G 159*2 

207 160*0 

208 160*8 

209 161 *6 

210 162*3 

Yrr 163^-7 ‘ 

212 163*9 

213 164*7 

214 165*4 
2151 i66*2 
216 I 167*0 

2171 167*7 

218 1 16^5 

219 i 169*3 

220 170*1 

221 170*8 
2*22 171*6 

223 172*4 

224 i73‘2 

225 173*9 

226 174*7 

227 175*5 

228 176*2 

229 177*0 

230 i':7*8 

231 178*6 “ 

232 179*3 

233 180*1 

234 i8o*9 

235 i8i*7 

236 182*4 

237 183*2 

238 1840 

239 184-7 

240 185*5 


; 241 186*3 
: 242 187*1 

243 I 187*8 

244 188*6 
. 245 189*4 

246 190*2 

247 190*9 

248 191*7 

249 191*5 
2.50 193*3 

251 194*0 

252 194*8 

253 195*6 

254 196*3 

255 197*1 

256 197*9 

257 198*7 

258 199*4 

250 2CO*2 

260 201*0 

261 201*8 

262 202*5 

263 203*3 

264 204* 1 

265 204*8 

266 205*6 

267 106*4 

268 207*2 

269 207*9 

270 108 *7 


271 209 ' 5 
*27*2 210*3 
•273 211*0 

274 111-8 

275 111*6 

276 113*4 

277 a 14* I 

278 114*9 

279 115*7 

280 1164 

281 117*1 

282 iig'o 

283 11 8* 8 

284 119*5 

285 110*3 

286 211*1 
287 221*9 
288 222*6 
‘289 113*4 

290 114"^ 

291 224*9 

292 115-7 

293 116*5 

294 217-3 
29.5 ii 8 *o 

296 118*8 

297 119*6 
208 130*4 

299 231’! 

300 131 9 


DistI Uep. jD.Liit 
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TRAVERSE TABLE TO QUARTER-POINTS 

Points. 42MF 


Dist. 

D.Lat 

Dep. 

Dist. 

D. Lat.j Dep. 

Dist 

D. Lat. 

Dep. 

Dist 

D. Lat 

Dep. 

Dist 

D. Lat 

Dep. 

1 

0*7 

0-7 

61 

45*2 

41*0 

121 

89-7 

8i*3 

161 

134-1 

121*6 

241 

178*6 

j i6i-8 

3 

1*5 

1*3 

62 

45*9 

41*6 

122 

90-4 

81*9 

16-2 

134*9 

122-2 

212 

179*3 

>62*5 

3 

2*Z 

2*0 

(Hi 

46-7 

42*3 

123 

911 

82*6 

166 

135*6 

; 122-9 

24 :i 

i8o* 1 

1 >63*2 

4 

3-0 

2-7 

64 

47-4 

43-0 

124 

9**9 

83*3 

164 

136*3 

123-6 

244 

i8o*8 

1 163-9 

6 

3‘7 

3*4 

65 

48-2 

43*7 

125 

92*6 

83-9 

1 65 

137*1 

124-2 

24 .’» 

; i8i*5 

164.- 5 

6 

4*4 

4*0 

66 

48-9 

44*3 

126 

93*4 

84*6 

166 

* 37-8 

124-9 

‘240 

1 182*-; 

165-2 

7 

5 -z 

4*7 

67 

496 

45-0 

127 

94*1 

85*3 

167 

138-6 

125 6 

247 

183-0 

165*9 

8 

5*9 

5'4 

68 

50*4 

45*7 

12» 

94*8 

86*0 

16 ; 

* 39*3 

*- 6-3 

‘240 

1 *83-8 

i66*5 

0 

6-7 

60 

6 !) 

5I-I 

46-3 

1 20 

956 

86-6 

I6!l 

1400 

126-9 

! 240 , 184*5 

167-2 

iO 

7*4 

6*7 

70 

51-9 

47-0 

130 

96-3 

87*3 

(.96 

140*8 

127-6 

•250 

185-2 

167*9 

11 

8-2 

7'4 

71 

52-6 

47*7 

131 

97 - > 

88*0 

161 

* 4**5 

128-3 

251 

i86*o 

168*6 

12 

8-9 

8-1 

72 

53*3 

48 -4 

132 

97*8 

88-6 

1.62 

*42* 3 

128-9 

252 

186*7 

169*2 

13 

9*6 

8*7 

7:1 

54-1 

49-0 

133 

98*5 

89*3 

1 ‘I 3 

143-0 

129*6 

25:1 

187*5 

169-9 

U 

10*4 

9*4 

74 

54-8 

49'7 

134 

99*3 

90*0 

164 

143*7 

130-3 

254 

188*2 

170*6 

Id 

ii‘i 

IO* 1 

75 

55-6 

50-4 

135 

100*0 

90*7 

l!h 5 

> 44*5 

131*0 

255 

i88*9 

171*2 

16 

11*9 

10-7 

76 

56-3 

Si-o 

136 

icx)*8 

9*3 

166 

145*2 

131*6 

256 

189*7 

171*9 

17 

12*6 

11*4 

77 

57 'i 

51-7 

137 

ic 1*5 

920 

167 

146*0 

132*3 

257 

190*4 

172*6 

18 

13-3 

12* I 

7 « 

57-8 

52*4 

136 

102-3 

92*7 

166 

146-7 

133*0 

258 

191*2 

>73-3 

19 

14-1 

I 2'8 

79 

58*5 

53-1 

139 

103*0 

93*3 

166 

147-4 

* 33*6 

250 

191*9 

173*9 

20 

14*8 

13*4 

80 

59*3 

53-7 

140 

103-7 

94*0 

266 

l 4 } 8*2 

*34-3 

260 

192*6 

174*6 

21 

15*6 

14-1 

81 

6o*o 

54‘4 

Ul 

104-5 

94*7 

201 

148-9 

135*0 

261 

> 93*4 

> 75*3 

22 

16-3 

14*8 

82 

6o‘8 

55 -» 

142 

10<5*2 

95 4 

202 

149-7 

135*7 

262 

1941 

175*9 

23 

17-0 

15*4 

8.1 

61-5 

55*7 

143 

io6*o 

96-0 

20:3 

150*4 

136*3 

263 

194*9 

176*6 

24 

17*8 

1 6* I 

84 

62*2 

56-4 

144 

106-7 

96*7 

204 

151*2 

137*0 

264 

195*6 

177*3 

25 

' 8*5 

i6'8 

85 

63*0 

57-1 

145 

107*4 

97*4 

205 

151*9 

* 37*7 

265 

196*4 

178-0 

26 

19-3 

17-5 

86 

63-7 

57*8 

146 

Io8-2 

98-0 

200 

1 52*6 

138*3 

266 

197*1 

178-6 

27 

20*0 

181 

87 

64*5 

58^4 

147 

io8*9 

98-7 

207 

* 53*4 

139*0 

267 

197*8 

179*3 

28 

20*7 

i8-8 

88 

65-2 

59 * « 

146 

109*7 

99*4 

206 

* 54 ’ I 

* 39*7 

268 

198*6 

180*0 

29 

21-5 

19-5 

69 

65*9 

59 -!! 

149 

1 10*4 

100 • I 

206 

*549 

140*4 

269 

> 99*3 

i8o*6 

30 

22-2 

20*1 

90 

66 ' j 

60*4 

150 

IT 1 *I 

I CO* 7 

210 

155-6 

141*0 

270 

200*1 

181*3 

31 

23-0 

20-8 

91 

67*4 

61 • I 

151 

iii*9 

101*4 

21T 

156*3 

141*7 

271 

200-8 

182*0 

32 

23*7 1 

21*5 

92 

68-2 

6i-8 

152 

112*6 

102*1 

212 

157*1 

142*4 

272 

201*5 

182-7 

33 < 

24-5 

22*2 

93 

68*9 

62-5 

153 

*> 3*4 

102*7 

216 

157*8 

143*0 

273 

202*3 

183*3 

34 

25-2 i 

22*8 

94 

69-6 

6 rt 

154 

114*1 

103-4 

214 

158*6 

* 43*7 

274 

203*0 

184-0 

35 

25-9 

^ 3*5 

95 

70-4 

63-8 

1 55 

114*8 

104-1 

215 

159*3 

144*4 

275 

203*8 

184-7 

36 

26-7 

24*2 

96 

7 I-I 

64-5 

156 

ji i;*6 

104*8 

216 

160*0 

* 45 * 1 

276 

204*5 

185*4 

37 

27-4 

24' 8 

97 

71-9 

65*1 

157 

1*6-3 

*0^-4 

217 

160*8 

* 45*7 

277 

205*2 

i86-o 

38 

28*2 

2 V 5 

98 

72-6 

6s*8 

I 5 H 

1171 

ic6- 1 

216 

i6i*5 

146*4 

278 

2o6*o 

186*7 

39 

28*9 

26-2 

99 

73*4 

66*5 

150 

117-8 

io6’8 

216 

162*3 

147*1 

270 

2o6*7 

>87-4 

40 

29-6 

26-9 

100 

74*1 

6 y'z 

160 

T i8-6 

107*4 

220 

163*0 

147*7 

280 

207*5 

i88-o 

4 f 

30-4 

27*5 

101 

74*8 

67*8 

161 

119-3 

io8*i 

22r 

163*8 

148*4 

281 

208*2 

i88*7 

42 

3II 

28-2 

102 

75*6 

68-5 

162 

120*0 

io8-8 

222 

164*5 

149*1 

282 

2089 

189-4 

43 

31-9 

28-9 

103 

76-3 

69*2 

1 63 

120-8 

109*5 

'226 i 

165*2 

149*8 

283 

209*7 

190*1 

44 

326 

^ 9*5 

104 

77*1 

69-8 

164 

121-5 

1 10*1 

[224 

166*0 

150*4 

284 

210*4 

190-7 

45 

33*3 

30*2 

105 

77*8 

70*5 

165 

122*3 

1 10*8 

225 

166*7 

151*1 

285 

211*2 

191-4 

46 

34*1 

30*9 

106 

78*5 

71-2 

166 

123*0 

1J1-5 

226 

167*5 

151*8 

286 

' 211*9 

192*1 

47 

34*8 

31-6 

107 

79*3 

71-9 

167 

123-7 

1 12-2 

•227 

i68*2 

152*4 

287 

212*7 

192*7 

48 

35*6 

32*2 

108 

8o-o 

72*5 

166 

124-5 

1 12*8 

226 

168*9 

* 53 ’* 

288 1 

213*4 

193*4 

49 

36-3 

3^*9 

109 

8o-8 

73 *^ 

160 

125*2 

** 3*5 

226 

169*7 

* 53*8 

289 

214* I 

194*1 

50 

37-0 

33-6 

110 

81-5 

lyjL 

170 

126*0 


^10 

170*4 

1 54 - 5 

290 

214*9 

194*8 

5 ! 

37-8 

34 * ^ 

111 

82-2 

74*5 

171 

126*7 

1 14*8 


171*2 

’*~ 55 ** 

291 

215*6 

195-4 

52 

38-5 

34-9 

112 

83*0 

75 *a 

172 

127*4 

1 * 5*5 

! 262 

171*9 

155-8 

292 

216*4 

196*1 

03 

39*3 

35*6 

113 

83-7 

75*9 

17.3 

128*2 

I i 6*2 

266 

172*6 

156*5 

293 

217*1 

196*8 

54 

40-0 

36-3 

114 

84*5 

76-6 

174 

128*9 

ii6*9 

264 

* 73*4 

157*1 

294 

217*8 

197-4 

65 

40*8 

36*9 

115 

85-2 

77*2 

175 

129*7 

117-5 

265 

174*1 

157*8 

295 

2i8*6 

198-1 

66 

41*5 

37-6 

116 

86-0 

77-9 

176 

130*4 

ii8-2 

266 

174-9 

158*5 

296 

219*3 

j 198*8 

57 

t o 

42*2 

38*3 

117 

86*7 

78-6 

177 

131*1 

118-9 

267 

175*6 

*59 a 

297 

220*1 

199*5 

Oo 

43 ’o 

39-0 

118 

87-4 

79*2 

176 

* 3**9 

119*5 

266 

176*3 

159-8 

298 

220*8 

200*1 


43-7 

396 

no 

88-2 

79*9 

170 

1 32*6 

120*2 

266 

177*1 

i6o*5 

299 

221*5 

200*8 

44.5 

40*3 

120 

88-9 

1 8o*6 

1 160 

1 * 33*4 

1 120-9 

240 

177*8 

i6i*2 

1 

300 1 

222*3 

201*5 

m 

Dep. 

D.Lat 

Diat. 

Dep. 

D.Lat 

Dist. 

1 U.-p. 

D. Lat. 

l)i.st. 

i ^^«P* 

Id. Lat 

Dist. 

Dep. 

1 >. Lat 


44 Points. ~ 47® 
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TABLE 1 


TRAVERSE TABLE TO QUARTER.POINTS 


4 Points- 


DistJo. Lat.| Dep.|Dist.|D. Lat.| 




33 23*3 

34 24*0 

35 24*7 

36 25*5 

37 a6*2 



15 

10; 6 

10*6 

16 

11-3 

11-3 

17 

12-0 

12*0 

18 

12-7 

12-7 

19 

13-4 

J 3'4 


14-1 

14-1 


60 42*4 


S-6 I 1«1 
6*3 !«■> 


47- 4n--27 1 JS98 

48- 1 


135 

136 

137 

95*5 

96-2 

96-9 

95*5 

96*2 

96-9 

138 

131 ) 

140 

97*6 

98- 3 

99 - 0 

97*6 

98- 3 

99- 0 


iruw 147’ 6 
148- 5 

21 1 149*2 

212 149*9 

213 150*6 


|Dist.jD. Lut.| Dep 



128 0 241 
128-7 242 

129 4 243 

130J 244 
130-8 245 
13 j *5 24 (i 
132 2 2 j7 
132-9 213 
I33*b 241 ) 
i'; 4-4 250 
1351 251 

135-8 252 
1 36*5 253 
137*2 ‘254 
137*9 255 

138- 6 256 

139- 3 257 

140- 0 250 
140-7 250 





157-7 
->24 158-4 
2-25 159-1 
2*20 159-8 

227 160-5 

22K 161-2 

221) 161-9 

230 162-6 




233 164-8 

234 165-5 

235 1 66*2 

236 166-9 

237 167-6 

23 H i68*3 
231 ) 169-0 
240 169-7 


261 
262 

263 

264 

265 

266 
267 

147-1 266 

147- 8 261) 

148- S 27_^ 

149- ^ 271 

149- 9 272 

150- 6 273 

151- 3 274 

152- 0 275 
152-7 276 
153*4 277 

1 54- 1 27« 
154 9 271) 

15 5- 6 260 

‘iirr 

28-2 

157- 7 283 

158- 4 ‘284 

159- 1 285 

159- 8 286 

160- 5 287 


163- 3 I 21)1 
21)2 

164- 8 203 
1 6 5’ 5 21)4 
i66-2 21)5 

166- 9 206 

167- 6 21)7 

168- 3 21)8 

169- 0 20f) 
169*’’ 300 





















TABLE 2 


439 



TRAVERSE TABLE TO DEGREES 


1° 

Disr. D. Lat.j Dep. DistJD.T,at.| Dep. 
1‘21 121*0 I 2*1 IHl I i8i*o 1 3*2 i 


13 

130 

0-2 

U 

14-0 

0*2 

15 

15*0 

0-3 

10 

i6*o 

0*3 

17 

17*0 

0*3 

18 

18*0 

0-3 

19 

19*0 

0*3 

20 

20-0 

o ’3 

‘21 

21-0 

0-4 

2*2 

22*0 

0*4 




43*0 

0*8 

44 

44*0 

0*8 

45 

45*0 

0*8 

46 

46*0 

0-8 


07 67*0 


08 68*0 


09 69*0 


70 70*0 


71 7 i*o 





74 

75 

70 

77 

78 
70 

74*0 

75*0 

76*0 

77-0 

78*0 

79*0 

1-3 

1*3 

13 

1*3 

1-4 

1*4 

80 

8o‘o 

1-4 

81 

8i*o 

1*4 

82 

82*0 

1*4 

83 

83*0 

1*4 

841 

84-0 

1*5 

flftl 

8 5*0 

1-5 

80 

86*0 

1*5 

« 7 | 

87*0 1 

1-5 

Iffll 


1*5 

80 

89*0 

1*6 




111 111*0 i’9 

112 112*0 2*0 

113 113*0 2*0 

114 114*0 2*0 

115 115*0 2*0 

lie 116*0 2*0 

117 117*0 2*0 

118 118*0 2*1 

lly 119*0 2*1 

120 120*0' 2*1 


23 i 123*0 
*24 I 124*0 
25*0 
26*0 

27 127*0 

28 128*0 

‘20 129*0 

30 I ^0-0 

31 I 3 10 
32*0 

33 133*0 

34 134*0 

35 135*0 
3 (> 136*0 

37 137*0 

38 138*0 
30 139*0 

40 140*0 

41 141*0 

42 142*0 

43 143*0 

44 144*0 
i 45 145*0 
140 146*0 
147 J 47 *o 
48 148*0 
40 149*0 

50 150*0 

51 151*0 
[52*0 

53 153*0 

54 154*0 
iiV) 155*0 
150 156*0 
57 157*0 
158 158*0 
50 159*0 
00 160*0 

101 ibi’o 

102 162*0 

103 163-0 

101 164-0 

0.') 165*0 
100 1660 

107 167*0 

108 i6S*o 
100 169-0 
170 170*0 

71 171*0 

172 172*0 

173 173*0 

174 174*0 

175 175*0 
170 176*0 
77 177*0 
178 178*0 
170 179*0 
[80 i8o*o 


182 1820 

183 183-0 


188 iSS-o 
180 189*0 

100 1900 

10 1 191 o 

10*2 192*0 

103 193*0 

104 194*0 

105 195*0 

10(> 196*0 

107 197*0 

108 198*0 

100 199*0 

200 200*0 

201 201*0 

202 202 *0 

203 203*0 

204 204*0 

205 205*0 
‘200 206*0 
207 207 'C 
‘208 208 -o 
200 209*0 
210 210*0 

‘ill 211*0 

212 2I2'0 

'213 2i3‘o 
214 214*0 


241 241*0 

242 242*0 

243 243*0 

244 244*0 

245 245-0 
240 246*0 

247 247-0 

248 248*0 
240 249-0 

250 250-0 

251 251-0 

252 252-0 

253 253-0 

254 254-0 

255 255*0 
250 256*0 

257 257*0 

258 258-0 

259 259*0 
200 260*0 


213 213*0 

214 214*0 

215 215*0 
210 2i6-o 

217 217*0 

218 218-0 
210 219-0 
2*20 220-0 

221 zzi-o' 

222 222*0 
2‘23 223-0 
-224 224-0 
‘225 225*0 
220 226*0 
‘2*27 227*0 
228 228-0 
v20 229-0 

230 230*0 i 

231 231*0 I 
23‘2 232-0 I 

233 233*0 

234 234*0 

235 235-0 
230 236*0 

237 237*0 

238 238*0 
230 239*0 
240 240*0 


271 271*0 

272 272*0 

273 273*0 

274 274-6 

275 275-0 
270 276*0 

277 277-0 

278 278-0 
270 279-0 



Dep. |D.Lat|Dist.| Dep. iD.LutlDisJ Dep. ID. Lat.jDist. Dep. ju. Lat |Dist.l Dep. |D. Lat 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 


Dist. J>.Lat Dep. iDist. D.Lat I Dep. |l)ist.|D. Lat.j Dep. |oist.|D. Lat.j Dep. jDist.|lX Lat j DepT 


8*0 0*3 
9-0 0*3 

lO'O 0*3 
11*0 0*4 
12*0 0-4 

13-0 0*5 


jn 90*9 

92 91*9 

93 92 *9 

94 93*9 

95 94*9 

9 (i 9 5 9 

97 969 

98 97*9 

99 98*9 

10 0 99*9 

101 ico'9 

102 10 1 '9 

103 102 ‘9 


100 105*9 

107 io 6*9 

108 107*9 

109 I 108 *9 
1 lo 109*9 


1 ] 5 « 114*9 
110 115*9 

117 116*9 

118 117*9 

119 ii8*9 

120 119*9 




Dep. iD.LatlDist.r Dep. D.LatlDist. Dep. D. Lul.lDist. Dep. D. Dat lDist. Dep. D. Dim 




TABLb 2 


44i 



23 I 23*0 

24 24*0 


20 26*0 1-4 

27 27-0 i'4 

23 28*0 1*5 

21) 29*0 1*5 

30 30-0 1*6 


33 33-0 

34 34*0 


42*9 

2*3 

44 43-9 

2.3 

4.1 44.9 

2*4 

40 4 t ;*9 

2*4 

47 46-9 

2*5 

48 47.9 

2* C 

49 48-9 

2*6 

60 499 

2.6 

61 50-9 

2-7 

6? 51-9 

2*7 

M 52-9 

2*8 

53-9 

2*8 

rr 54-9 

2*9 

fi 55-9 

2-9 


57-9 3*0 


59-9 3 *r 



130 

137 

138 

139 

140 

135- 8 

136- 8 

137- 8 

138- 8 
139*8 

rii 

140*8 

142 

141*8 

143 

142*8 

Ml 

143*8 

U 5 

144*8 

MO 

145*8 

147 

146-8 

M8 

147-8 

149 

148*8 

150 

149*8 


20 T 2 v 3 
27 126-8 

2H 127-8 
2.9 128-8 

30 129-8 

31 130-8 

32 131-8 

33 132*8 

34 133-8 


I 1 J o 

iri2 151-8 

153 152-8 

154 153-X 

155 154*8 
150 155*8’ 
157 156*8 
153 157*8 
15.9 158*8 

100 159*8 

iTif T6 o*'8' 

102 i6i*8 

103 162*8 

101 163*8 

105 164*8 

100 i6s*8 

107 i66*8 

100 167*8 

09 168*8 
[70 169*8 

1^1 i7t^*8 

172 171-8 
17:1 I <2-8 

174 I 73'8 

175 1 74 ’ 8 

170 175*8 
177 176*8 
17» 177-8 
170 178-8 



[93 192*7 
194 193*7 


197 196-7 
100 197*7 

199 198*7 

200 199*7 

201 200*7 

202 201*7 

203 202*7 

204 203*7 

205 204* 7 
200 205*7 
207 206-7 
20H 207*7 

209 208*7 

210 209*7 

211 210*7 



263 252*7 I 

254 253*7 

255 254*7 
250 255*6 

257 256-6 

258 257*6 

259 258*6 

200 259*6 

201 260*6 

202 261*6 

203 262-6 

204 263*6 

205 264- 6 
200 265*6 

207 266*6 

208 267*6 

209 268*6 

270 269*6 

271 270*6 
27*2 271*6 

273 272*6 

274 273*6 

275 274*6 
270 275*6 
277 276-6 

27 « 277*6 

279 278-6 

280 279*6 
■^“^z8o*6 
282 281*6 
•283 282*6 
284 283*6 
•285 284*6 
280 285*6 




2*20 

229 

230 

227*7 

228*7 

229*7 

11*9 

12*0 

12*0 

288 

289 

290 

287*6 

288*6 

289*6 

15*1 

15*1 

15*2 

231 

230*7 

12* I 

291 

290*6 

15-2 

232 

231*7 

12 * I 

292 

291*6 

15-3 

233 

232*7 

12*2 

293 

292*6 

15-3 

234 

'’- 33*7 

12*2 

294 

293*6 

15*4 

235 

234*7 

12*3 

295 

294-6 

15*4 

230 

235-7 

12*4 

2.90 

295*6 

15-5 

237 

236*7 

12*4 

297 

296*6 

» 5*5 

238 

237*7 

12*5 

298 

297*6 

15*6 

23 J) 

23S-7 

12*5 

299 

298*6 

15-6 

240 

239-7 

12*6 

300 

299*6 

15-7 

Dist 

, Wep. 

D. Lat 

Dist.j 

I Dep. 

D. Lat. 
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TABLE 2 



TRAVERSE TABLE TO DEGREES 


4" 




O’* 16"» 

Dist. D. L*at.| Dep. I 

|Dist.|D. Lat. I 

Dep. jDist.lD. Lat.l 

Dep. 

Dist. 

IlLLat.l Dep. 



41 40*9 

42 4i"9 

4 :^ 42*9 

44 43*9 

45 44*9 

46 45 9 

47 46*9 

48 47*9 
I 49 48 9 

50 49‘9 



102 101*8 
108 102*7 

104 103*7 

105 104*7 

100 105*7 

107 106*7 

108 107*7 

109 io8*7 

110 109*7 

111 110*7 
112 111*7 
118 112*7 

114 113*7 

115 ,114*7 
118 115*7 

117 ii 6*7 

118 117*7 

119 TiS*7 

120 119*7 


121 120*7 

1*22 121*7 

128 122*7 
124 123*7 
1*25 124*7 
I2i> 125*7 

127 126*7 

128 127*7 

1*29 128*7 
180 129*7 


188 132*7 

184 133*7 

185 134*7 

186 135*7 


140 139*7 

141 140*7 

142 141*7 

143 142*7 

144 143 6 

145 144' 6 
140 145*6 

147 146*6 

148 147*6 

149 148*6 

150 149*6 

151 150 6 

152 151*6 

158 152*6 

154 153*6 

155 1546 

156 155*6 

157 156*6 

158 157*6 

159 158*6 

160 is 9'6 


188 162*6 

164 165*6 
105 164*6 
188 165*6 

187 i66*6 

108 167*6 

169 i68*6 

170 169*6 

171 170*6 

172 171*6 

173 172*6 

174 173*6 

175 174*6 

176 175*6 

177 176*6 

178 177*6 

179 178*6 


188 182*6 

184 183*6 


299 1 89*5 

191 190*5 

192 191*5 
198 192*5 

194 193*5 

195 194*5 

196 195*5 

197 1965 

198 197*5 

199 198*5 

200 199*5 

201 200*5 
202 201*5 
208 202*5 
*204 203*5 

205 204*5 

206 205*5 

207 206*5 

208 207*5 

209 208*5 

210 209* 5 

211 210*5 
212 211*5 
218 212*5 

214 213*5 

215 214*5 

216 215*5 

217 2i6*5 

218 217*5 

219 218*5 

220 219*5 



227 226*4 ^5'^ 

2*28 227*4 *5*9 

229 228*4 16*0 

280 229*4 i6*o 
231 230*4 16*1 

23*2 231*4 16*2 

283 232*4 i6*3 

284 233*4 i6*3 

285 234*4 16-4 

286 235*4 16*5 

287 236*4 16*5 

288 237*4 16*6 

289 238*4 i6*7 

240 239*4 16*7 


Dist. Dep. D. Lat. 


241 240*4 

242 241*4 
248 242*4 

244 243*4 

245 244*4 

246 245*4 

247 246*4 

248 247*4 

249 2484 

260 249*4 
251 250*4 
262 251*4 
*253 252*4 

264 253*4 

265 254*4 

256 255*4 

257 256*4 

258 257*4 

259 258*4 

2G0 259*4 

261 260*4 

262 261*4 
268 262*4 
264 263*4 

266 264*4 

266 265*4 

267 266*3 

268 267*3 

269 268*3 

270 269*3 


271 ! 270*3 

272 271*3 

273 272*3 

274 273*3 

275 274*3 

276 275*3 

277 ^76*3 

278 277*3 

279 278*3 

laa. ^ 79*3 

281 280*3 

282 281*3 
288 282*3 

284 283*3 

285 284*3 

286 285*3 

287 286*3 

288 287*3 

289 288 *3 

290 289*3 

291 290*3 

292 zgi’S 
298 292*3 

294 293*3 

295 294*3 

296 295*3 

297 ^^ 9^*3 

298 297*3 

299 298*3 









TABLE 2 


443 



1«2 181-3 
\m 182-3 
1H4 183*3 
If{5 184-3 
l«(> 185-3 

i}57 186-3 

1«}5 187*3 

Hi!) 188-3 
lj>r> 189-3 


lj):t 192-3 
1.94 193-3 



‘t') O 

47 46-8 

48 


..>5 

ofi 5,. 8 

*7 568 


52'S 4*6 

53-8 4-7 


115 114-6 


111) 118*5 


237 236*1 

238 237*1 
238 238*1 
240 239*1 


241 

240*1 

21*0 

242 

241*1 

21*1 

243 

242*1 

21*2 

244 

M3-1 

21*3 

245 

244*1 

21*4 

‘248 

245*1 

21*4 

247 

246*1 

21*5 

248 

247*1 

21*6 

240 

248*1 

21*7 

250 

249*0 

21*8 



I3ist. Dop. l).Lat|Dist.l Dep. |D. L*dt. 


282 261*0 22*8 

283 262*0 22*9 

284 263*0 23*0 

2({5 264*0 23*1 

288 265*0 23*2 

2()7 266*0 23*3 

288 267*0 23*4 

280 268*0 23*4 

270 269*0 23-5 


271 270*0 23*6 I 

272 271*0 23-7 

273 272*0 23*8 

274 273*0 23*9 

275 274*0 24*0 

278 274*9 24*1 

277 27 5*9 24 -* , 

278 276-9 24-2 

270 277-9 24*3 I 

2-8 9 24-4 

281 279*9 -4' 5 

282 280-9 24-6 

283 281-9 24*7 

284 282*9 24-8 

285 283*9 ^ 4 '^ 

28 (J 284*9 24*9 

2«7 285-9 25*0 , 

288 286-9 25-1 

280 287-9 ^ 5*2 I 

200 788-9 ^^’3 

2.91 289*9 25*4 

202 2909 25*4 

203 291*9 25*5 I 

2{)4 292*9 25*6 1 

205 293*9 25-7 

200 294*9 2 5*8 

207 295*9 2 5*9 

208 296*9 26-0 

200 297*9 26*1 

300 298*9 26-1 


Dist.l Dep, D. Lat 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 


DitL D.Lat Dep, |])ist.|D. Lat-l Dep 
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TRAVERSE TABLE TO DEGREES 


70 

Qh 28 "* 

Dist.'iD. Lat.j Dep.l 

DiatJo. Lat.l D«|). iDistjD.Lat. Dcp. I 

Disi.ll). Lat.l Dep. 


3 3*0 

0*4 

4 1 4*0 

0*5 

5 1 5*0 

0*6 



I«1 179*7 

IH2 i8o-6 

183 i8i-6 

184 182*6 

185 183*6 

188 184*6 

187 185-6 

188 i86*6 

188 187-6 

198 188 6 


211 209*4 

212 210*4 

213 211*4 

214 212*4 

215 2134 
218 214*4 

217 215*4 

218 216*4 

219 217*4 

220 218*4 


224 222*3 

225 223*3 
2*28 224*3 

227 225*3 

228 226*3 

229 227*3 

230 228*3 

231 229*3 

232 230*3 

233 231*3 

234 232*3 

235 233*2 
238 234*2 

237 

238 236*2 
230 237*2 
240 238*2 


241 239*2 

242 240*2 

243 241-2 

244 242-2 

245 243-2 
244*2 

247 245-2 

248 246-2 

249 247 -1 

250 248-1 

251 249-1 

252 250*1 

253 251-1 

254 252-1 

255 253- 1 
258 254- 1 

257 255*1 

258 256*1 

259 257-1 
280 258*1 


281 259*1 
*’82 260-0 
263 261-0 
284 262 o 

265 263-0 

266 264-0 

267 ^65-0 
266-0 

*209 267-0 

270 268-0 

271 269-0 

272 270-0 

273 271*0 
271 272 o 

275 •273-0 

276 273*9 

277 274*9 

278 275*9 

279 276*9 

280 277*9 


281 278*9 

282 279*9 

283 280*9 

284 281*9 

285 282*9 

286 283*9 

287 284*9 
286 285*9 

289 286*8 

290 287*8 

' 291 288*8 

292 289*8 

293 290*8 1 

294 291*8 I 

295 292*8 I 

296 293*8 

297 294*8 

298 295*8 

299 296*8 

300 297*8 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 


DisU D.Lat Dep. iDist. D. Lat. Dep. iDistJD. J^at. De\). jDisr.|D. Lnt.l Dej 


1 8*5 I 121 I 

122 1 120*8 
12:1 121*8 

124 122*8 


(>(» 65*4 9*2 121> 124*8 17*5 

66*3 9*3 127 125*8 17*7 

(ili 67*3 9*5 12<1 1268 17*8 

(ij) 68*3 9*6 IJH 127-7 *8*0 

70 607 0*7 i'iO 128*7 i8*i 



13 

12*9 1*8 

14 

13*9 1*9 

15 

14*9 2*1 

10 

15*8 2*2 

17 

16-8 2*4 

18 

17-8 2*5 

19 

i8*8 2-6 

20 

19-8 2*8 

21 

20-8 2*C) 


23 

22-8 

3*2 

24 

23-8 

3-3 

25 

24-8 

3*5 

20 

25*7 

3*6 

27 

26*7 

3-8 

28 

a7*7 

3*9 

29 

a8*7 

4*0 

30 

29-7 

4*2 


31 

30-7 

1 4*3 

32 

31*7 

4*5 

33 

32*7 

4-6 

34 

33*7 

1 4*7 

35 

34*7 

4'9 

36 

35’6 

5*0 

37 

36*6 

5*2 

38 

37*6 

5*3 

39 

38*6 

5*4 

40 

39-6 

5*6 

41 

40-6 

5*7 

42 

41*6 

5-8 

43 

42-6 

6*0 

44 

43*6 

6*1 

45 

44*6 

6*3 

40 

45*6 

1 6-4 

47 

46*5 

1 6-5 

48 

47*5 

6-7 

49 

48-5 

6*8 

50 

49*5 

7*0 


5^*4 8*2 

59*4 8-4 


1/4 93*1 

95 94* I 

90 95-1 

97 96*1 

98 97*0 

99 98 o 

(M) 99*0 

01 100*0 
02 101*0 

08 102*0 

04 103*0 

05 104*0 

OG 105 o 
07 io6’o 
98 107*0 

09 107*9 

10 108-9 

IL 109-9 
12 110-9 

1:1 1 1 1*9 

14 112*9 

15 113*9 
1^ 114*9 

17 115*9 

18 116*9 

19 117*8 


I 80 134*7 
l‘i7 13 5-7 

188 136-7 

189 137.7 
140 178*6 


14*2 140-6 
148 141*6 

144 147.* 6 

145 143*6 

1 40 144*6 

147 145*6 

148 146-6 

149 147*5 

150 148*5 


151 1495 

152 150*5 
158 151*5 

154 152*5 

155 153*5 
150 154*5 

157 155*5 

158 156*5 

159 157*5 

100 158*4 

101 159*4 

162 i6o*4 
108 161*4 

104 162*4 

105 163*4 
100 164*4 

107 165*4 

108 166*4 

109 167*4 

179 i 68*3 

IV I 169*3 
172 170*3 
178 171*3 
174 172*3 

170 i73’3 

176 1743 

177 175-3 

178 176*3 

179 177*3 

180 178*2 


198 191*1 

194 192*1 

195 193*1 
1110 194*1 

197 195*1 

198 196- 1 

199 197* I 

200 198*1 

201 199*0 

202 200*0 
208 201*0 

204 202*0 

205 203*0 
200 204*0 

207 205*0 

208 206 -o 

209 207*0 

210 208*0 



241 238*7 

242 239*6 

243 240*6 

244 241*6 

245 242*6 

246 243*6 

247 244*6 

248 245*6 

249 246*6 

250 247*6 

251 248*6 
*252 249* 5 
258 250*5 

254 251*5 

255 252*5 

256 253*5 

257 254*5 

258 255*5 

259 256*5 

260 257* 5 

201 258*5 

202 259*5 

203 260*4 

204 261*4 

205 262*4 
200 263*4 
267 264*4 

208 265*4 

209 266*4 
270 267*4 



228 225*8 
•2*29 226*8 
280 227*8 
23r 228*8 
232 229*7 

283 230*7 

284 231*7 
235 232*7 
280 233*7 
287 234-7 
•288 235*7 

239 236*7 

240 237*7 


286 283*2 

287 

288 285-2 

289 286-2 

290 287*2 

291 288-2 

292 289 -2 

293 290*1 

294 291- 1 

295 292* I 
290 293*1 

297 2194* 1 

298 295-1 

299 296*1 

300 297*1 


Dist.l Dep. lUXuilDisU Dep. ID. Lal.lDUt.! Dep. ID. Lat.IDUtJ Dep. 
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TRAVERSE TABLE TO DEGREES 


9“ 

O'* 36™ 


n 10-9 * 7 

12 11-9 ! *9 

13 iz-8 a*o 

14 13*8 Z'z 

15 14.-^ 2-3 

la 15-8 a-5 

17 i6-8 2-/ 

18 i7’8 2-8 

19 i8-8 30 

2» 198 %'i 

^ 20-7 3*3 

22 21*7 3‘4 

23 227 36 


29 28*6 

30 29 6 



27-7 4*4 

28*6 4*5 

29^6 4*7 



67*2 10-6 



Dist. D.Lat. Dep, Dist. D. Lat. Dep. l)ist.D.Lat. Dep. 


121 119*5 

122 120-5 

123 121-5 
[24 122-5 
[25 123-5 
[26 124-4 

27 125-4 

2« 126-4 
20 127-4 

30 12 8-4 

31 129-4 

32 130*4 

33 131*4 

34 132*4 

35 133*3 
30 1343 

37 135*3 

3 « 136*3 

39 137 3 

10 138-3 

'IT 139*3 

42 140-3 

43 141-2 

44 142*2 
•2 

40 144*2 
47 145*2 

40 146-2 

49 147*2 

50 148-2 

51 149*1 

52 150-1 

53 1511 

54 152-1 

55 153*1 
50 154-1 

57 155*1 

58 156-1 
50 1570 

00 158*0 

01 159*0 
62 1600 

03 16 1 -o 

04 162-0 
65 161-0 


67 164-9 
08 165-9 
00 166-9 

170 167-9 
[TT 1689“ 
[72 169-9 
[73 170-9 

174 171*9 

175 172-8 
17« 173*8 
177 174*8 
I7« 175*8 
I7» 176*8 





Dist. Dep. iD.Lat 


Dist. De]). iD.Lnt. 


241 238-0 

242 239-0 

243 240-0 

244 241-0 
*245 242*0 
240 243-0 

247 244-0 

248 244-9 
240 245-9 
250 246 9 


251 247-9 

252 248-9 ' 

253 249-9 
264 2 50- 9 
255 251-9 
250 252 8 
2.%7 253-8 
258 254-8 
250 255-8 
-200 256-8 
*201 257*8 

202 258-8 

203 259*8 

264 260*7 

265 261*7 

266 262-7 

207 263-7 

208 264-7 
200 265-7 
270 266-7 


271 267-7 

272 *68*7 

273 269-6 

274 270-6 

275 271*6 
270 272*6 

277 273*6 
270 274*6 

270 27 5*6 

280 276-6 


281 277-5 

282 278-5 

283 279*5 

284 280-5 

285 281-5 

286 282-5 

287 283-5 

288 284-5 
280 285-4 
200 286-4 
20r 287*4 

202 288*4 

203 289*4 

204 290*4 

205 291-4 

206 292*4 

207 293-3 

208 294-3 

209 29^3 
300 296* 3 


■n 























448 


TABLE 2 • 


[)ist.;D.La(j Dep. 





1-28 

124 

i 

1*27 

*25 

I 

1*28 

126 

I 

1-20 

T 27 * 

0 

1 : 10 ! 

128 * 

0 

131 i 

129 * 



ixi 131*0 
134 132*0 


137 134*9 

138 135-9 
131 ) 136*9 
140 137*9 


143 140*8 

144 141*8 

145 142*8 
148 143-8 

147 144*8 

148 145*8 
I4y 146*7 
150 147*7 
Fsi 148*7 

162 149*7 


154-6 

27*3 

155*6 

27*4 

156*6 

27*6 

157*6 

27*8 

158*6 

28*0 


182 159-5 

183 i6o*5 

184 161*5 

165 162*5 
188 163*5 

187 164*5 

188 165*4 


175 172*3 

176 173*3 

177 174*3 
170 175*3 

170 176*3 
180 I77'3- 



DistJ Dep. D.Lat|Di&t.{ Dep. |D. Lat.lDist.j Dep. ID. Lat 

























11 

12 

10*8 
1 1*8 

13 

12*^ 

14 

13*7 

15 

14-7 

16 

15*7 

17 

16*7 

18 

17*7 

19 

18-7 


‘25 

24*5 

-26 

25-5 

27 

26-5 

28 

27*5 

29 

z 8*5 

39 

; ^ 9'4 


•21 ii8*8 

2*2 119-8 

2 H 120-7 
24 121-7 
2o 122*7 
2 fi 123*7 

27 124-7 

2« 125-6 

29 126-6 

127*6 

Tn 128-6 



111 109*0 21*2 

112 109*9 21*4 

113 110*9 21*6 


117 *14*9 22*3 

118 115*8 2z*5 

119 ii6-8 22*7 

120 117*8 22*9 


Ifil 158-0 

102 159*0 

103 160*0 

104 161*0 

105 162*0 
160 163*0 

107 163-9 

108 164*9 

109 165-9 

170 166-9 

iyr 167 - 9 “ 

17*2 168*8 

173 169-8 

174 170*8 

176 171-3 
176' 172-8 

177 173*7 
17 R I 74'7 

179 17 S ‘7 

180 176*7 


182 178*7 

183 179*6 

184 i8o*6 

185 i8i*6 

186 182-6 

187 183*6 

188 184*5 

189 185*5 

190 i86*5 
loT 187*5 

192 188 *5 

193 189*5 

194 190*4 


m 193-4 

198 194*4 

199 195*3 

200 196-3 

201 197-3 

202 198-3 

203 199*3 

204 200*3 
*205 201*2 
200 202*2 
207 203*2 
2(>8 204*2 
20!) 205-2 
21!) 206-1 

211 207-1 

212 2o8'i 

213 209*1 

214 210*1 

215 211*0 

216 212*0 

217 213-0 

‘218 214*0 

219 215*0 

220 2 1 6-0 


Dist. D. Lat. Dep. 


241 236*6 46*0 

242 237*6 46*2 

243 238*5 46*4 

244 239*5 46*6 

245 240*5 46*7 

246 241*5 46-9 

247 242*5 47*1 

248 243*4 47*3 

249 244*4 47*5 

250 245*4 47*7 


251 246*4 47*9 

252 247*4 43-1 

253 248*4 48*3 

254 249*3 48*5 

255 250*3 48*7 

256 251*3 48*8 

257 252*3 49*0 

258 253*3 49 '^ 

259 254*2 49-4 

260 255*2 49*6 


261 256*2 49*8 

262 257*2 50*0 

263 258*2 50*2 

264 259*1 50*4 

265 260-1 50*6 

266 261*1 50*8 

267 262*1 50*9 

268 263*1 51*1 

260 264*1 51*3 

^0 265*0 51*5 

271 266*0 51-7 

272 267-0 51*9 

273 268*0 52*1 

274 269*0 52*3 

275 269-9 52*5 

276 270*9 52*7 

277 271-9 52-9 

278 272-9 53*0 

279 273-9 53’2 

280 274-9 53*4 

281 275-8 53*6 

282 276*8 53*8 

283 277*8 54*0 

284 278-8 54*2 

285 279*8 54*4 

286 280-7 54*6 

287 ^*8 

288 282*7 ??*o 

289 283*7 55 ’^ 

290 284*7 55-3 

29 r 285*7 55*5 

292 286-6 55*7 

293 287-6 55*9 

294 288-6 56-1 

295 289-6 56*3 

296 290-6 56*5 

297 291*5 56-7 

298 292*5 56*9 

299 293*5 57*1 

300 294-5 I 57*2 






















TRAVERSE TABLE TO DEGREES 


12° 

0* 48 “ 


6i*6 




Dist. 1 

). Lat. 

Dep. 

12*7 

121 

118*4 

25*2 

12*9 

122 

119*3 

25*4 

.3-1 

123 

120*3 

25*6 

13*3 

124 

121*3 

25*8 

13*5 

125 

122*3 

26*0 

13*7 

1*26 

123*2 

26*a 

13*9 

127 

124*2 

26*4 

14*1 

128 

125*2 

26*6 

14*3 

129 

126*2 

26*8 

1^*6 

130 

127*2 

27*0 

14*8 

131 

128*1 

27*2 

15*0 

132 

129*1 

27*4 

15*2 

133 

130*1 

27*7 

15*4 

134 

131*1 

27*9 

15*6 

135 

132*0 

a8*i 

15*8 

136 

133*0 

28*3 

16*0 

137 

134*0 

28*5 

i6*2 

138 

135*0 

28*7 

16*4 

139 

136*0 

28*9 

i6*6 

140 

136*9 

29* 1 



181 

177*0 

182 

178*0 

183 

179*0 

184 

180*0 

185 

i8i*o 


79-a I 

8 o*a 17*0 
81*2 17*3 
82*2 17*5 


141 
17*0 142 
17*3 143 

17*5 144 
17*7 145 


6*4 91 

67 92 

6'9 93 

7’ I 94 


83-1 17*7 145 

84*1 17*9 I 146 
85*1 i8‘i 147 
86-1 18-3 148 

87*1 i8*5 149 

88*0 18-7 150 
89 i8'9 151 

90*0 19’! 152 

9i'o 19*3 1 ’^*^ 

9i'9 * 9'5 1^4 

92*9 19*8 155 

93‘9 20*0 156 
94*9 20*2 157 
95’9 20*4 158 
96-8 20*6 159 
97*8 20‘8 160 
98-8 21-0 161 

99*8 21*2 162 
100*7 21*4 163 
101*7 164 

102*7 21*8 165 
103*7 22*0 166 
104*7 22*2 167 
105*6 22*5 168 

106*6 22*7 169 


xo7*6 22*9 1 170 


98*8 21*0 

99*8 21*2 


186 181*9 3**7 

187 182*9 38*9 

188 183*9 39*1 

189 184*9 39*3 

190 185*8 39*5 


191 i86*S 39*7 

192 187*8 39*9 

193 188*8 40*1 

194 189*8 40*3 

195 190*7 40*5 

196 191*7 40'* 

197 19^*7 4^*0 

198 193*7 41*3^ 

I 199 194*7 41*4 
200 195*6 4'*6 


201 196*6 41*8 

202 197*6 4^*0 

203 198*6 42*2 

204 199*5 4»*4 

205 200*5 42*6 

206 201*5 4^*^ 

207 202*5 43*0 

208 203*5 43*» 

209 204*4 43*5 

210 205*4 43*7 

211 206*4 43*9 

212 207*4 44*1 

213 208*3 44*3 

214 209*3 44*5 

215 210*3 44*7 

216 211*3 44*9 

217 212*3 45*1 

218 2x3*2 45*3 

219 214*2 45*5 

220^ 215*2 45*7 

221 2 i 6*2 45*9 

222 217*1 46*2 

223 218*1 46*4 

224 219*1 46*6 

225 2lo*i 46*8 

226 221*1 47*c 

227 222*0 47*2 

228 223*0 47’-<l 

229 224*0 47* ^ 

230 225*0 47*8 




251 245*5 5^*2 

252 246*5 52*4 

263 247*5 52*6 

254 248*4 52*8 

256 249*4 53*0 

256 250*4 53*2 

257 251*4 53*4 

258 252*4 53*6 

259 253*3 53*8 

260 254*3 54* I 


261 255*3 54*3 

262 256*3 54*5 

263 257*3 54*7 

•264 258*2 54*9 

265 259*2 55*1 

266 260*2 55*3 

267 261*2 55*5 

268 262*1 55-7 

269 263*1 55*9 

270 264* I 56*1 


265*1 
266’ 1 
267*0 
268*0 
269*0 


281 274*9 5f4 

282 275*8 5»‘; 

283 276*8 58** 

284 277*8 59*0 

286 278*8 59'3 

286 279*8 59*5 

287 280*7 59*7 

288 281*7 59*9 

289 282*7 00** 

290 283*7 

291 284*6 60*5 

292 285 6 00*7 

293 286*6 60*9 


88*6 61*3 



Dep. D. LatloistJ Dep. jo. Lat.|Dist} Dep.J^^ 

• 78 ° " 
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TRAVERSE TABLE TO DEGREES 


13^" 

O'- 52* 


24 23*4 

2ft 24*4 




Dist. 

D. Lat. 

Dep. 

61 

59*4 

*3*7 

62 

6 o*4 

13*9 

63 

6 i*4 

14*2 

64 

62*4 

*4*4 

65 

63*3 

14*6 

66 

64*3 

14*8 

67 

65*3 

15*1 

68 

66*3 

*5*3 

69 

67*2 

*5*5 

70 

68*2 


71 

69*2 

16*0 

72 

70*2 

i6*2 

73 

71*1 

16*4 

74 

72*1 

16*6 

75 

73*1 

i6*9 

76 

74*1 

17*1 

77 

75*0 

17*3 

78 

76*0 

*7*5 

79 

77*0 

*7*8 

80 

78*0 

i8*o 






141 137*4 

142 138*4 

143 139*3 

144 140*3 

145 141*3 

146 142:3 

147 143*2 

148 144*2 

149 145*2 

150 146*2 

151 147*1 

152 148*1 

153 149*1 

154 150*1 

155 151*0 

156 152*0 

157 1530 

158 154*0 

159 154*9 

160 155*9 



DistJD.Lat. Dep. 


181 X76*4 40*7 

182 177*3 40*9 

183 178*3 41*2 

184 179*3 41*4 

185 i8o'3 41*6 

186 181*2 41*8 

187 182*2 42*1 

188 183*2 ' 42*3 

189 184-2 42*5 

190 185*1 42-7 

191 i86-i 43*0 

192 187*1 43*2 

193 i88*i 43*4 

194 189*0 43*6 

195 190*0 43*9 

196 191*0 44*1 

197 192*0 44*3 

198 192*9. 44*5 

199 193*9 44*8 

200 194*9 45‘o 

201 195*8 45*2 

202 196*8 45*4 

203 197*8 45*7 

204 198*8 45*9 

205 199*7 46*1 

206 200*7 4^*3 
^07 201*7 46*6 

208 202*7 46*8 

209 203*6 47*0 

210 204*6 47*2 

211 205*6 47*5 

212 2 o 6*6 47*7 

213 207*5 47'9 

214 208*5 4^’* 

215 209*5 4^*4 

216 210*5 4^'^ 

217 211*4 4^’8 

218 212*4 49*0 

219 213*4 49*3 

220 214*4 49' 5 


221 215*3 49*7 

222 2x6*3 49*9 

223 217*3 50*2 

224 218*3 50*4 

225 219*2 50*6 

226 220*2 50*8 

227 221*2 51*1 

228 222*2 51*3 

229 223*1 51*5 

230 224*1 51*7 


231 225*1 52*0 

232 226*1 52*2 

233 227*0 52*4 

234 228*0 52*6 

236 229*0 52*9 

236 230*0 53*1 

237 230*9 53*3 

238 231*9 53*5 

239 232*9 53*8 

240 233*8 54*0 


241 234*8 

242 235*8 

243 236*8 

244 237*7 

245 238*7 

246 239*7 

247 240*7 

248 241*6 

249 242*6 


250 243*6 



263 

264 

265 } 258*2 I 59*6 
266 

267 260*2 6o*x 

268 261*1 6o*3 

269 262*1 60*5 

270 263*1 6o*7 

WT 


1 296 288*4 
297 489*4 


D.LatlDist Dep. D.LatlDisu Dep. D. LauDist. Dep* 


300 1 292*3 


DistJ Dep. 
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TABLE 2 


DistJD.Lat. Dep. 


61 

59*2 

14-8 

62 

6o“a 

1 15*0 


65 

63*1 

15-7 

66 

64*0 

i6-o 

67 

65-0 

, i6-a 



36 34° »*5 

36 34*9 ^’7 

37 35-9 9*0 

38 36*9 9*^ 

39 37*8 9*4 

40 38-8 9'7 

41 39*8 9*9 

42 40-8 10*2 

43 41*7 *0*4 

44 42*7 10*6 

45 43*7 10*9 

46 44*^ **** 
47* 45*6 i**4 

48 46-6 11*6 

49 47*5 ***9 

60 48-5 I2-I 


51 49-5 12-3 

62 1 50-5 12-6 

63 51*4 12*8 

64 524 13*1 

66 53-4 13*3 

66 54*3 13-5 

67 55*3 *3*8 

68 56*3 14*0 

69 57*2 14*3 

60 58*2 14-5 


123 119-3 
1-24 120- 3 

126 121*3 
126 122*3 

127 123-2 

*28 124*2 

120 125-2 
130 126*1 


129*0 32 

130*0 3 

131*0 3 

132*0 3 

*3^*9 3 

*33*9 3 

134-9 3 

136*8 3 

137*8 3 

138-8 3 

139*7 3 

' 140-7 3 

; 141*7 3 

' 142*6 2 

1, 143-6 
) 1446 
> *45*5 
I 146*5 

J 147-5 

J 148*5 

1 149*4 

7 150*4 
f> 151-4 
7 i5»*3 
» *53*3 

0 154*3 

9 *55*^ 

1 156*2 

2 157-2 
H 158-2 
14 159-1 
!6 i6o*i 
16 1611 

162*0 
W 163*0 
i9 164*0 
H) 1 65-0 
]l 165*9 

72 i66*9 1 

73 167-9 

74 168-8 I 

75 169*8 

76 170*8 

77 i7*'7 

78 172*7 

79 173*7 

80 174*7 


181 175-6 4: 

182 176-6 4i 
188 177*6 4^ 
184 178‘S 4^ 
186 179*5 4^ 

186 180-5 4 

187 181-4 4 

188 182*4 4 

189 183*4 4 

190 184-4 .4 

191 185 3 4 

19-2 186*3 4 

193 187*3 4 

194 188*2 4 

105 189*2 4 

106 190*2 4 

107 191*1 4 

108 192*1 4 

109 193*1 4 
200 194-1 J 

” 201 195-0 ^ 

202 196*0 ^ 

203 197*0 i 

204 197*9 ^ 

205 198*9 - 

206 199*9 . 

207 200*9 

208 201*8 

, 209 202*8 

210 20 yS 
~ 21 1 204-7 
! 212 205*7 

) 218 206-7 

; 214 207 6 

5 215 208 *6 

j 216 209*6 

5 217 210*6 

1 218 211*5 

5 219 212*5 I 

7 2*20 213* 5 

9 221 214*4 

2 222 215*4 

4 223 2 1 6*4 

7 2*24 217*3 

9 225 2i8*3 

2 226 219*3 

4 227 220*3 

6 2*28 221*2 

9 229 222*2 

I 230 223*2 



251 243*5 

252 244*5 

253 245*5 

254 246*5 

255 247*4 

256 248*4 

257 249*4 

258 250*3 

259 251*3 

260 252*3 


143*5 6 o*7 

Z44*5 61*0 

245-5 ^1'^ 

246*5 6i*4 

247*4 6i*7 

248*4 6i*9 

249*4 62*2 

250*3 62*4 

251*3 62*7 

252*3 62*9 


253*2 I 63*1 


262 254*» 63*4 

•263 255*2 63*6 

264 256*2 63*9 

265 257*1 64*1 

266 258*1 64*4 

267 ^59*1 ^4*6 

268 260*0 64-8 

269 2610 65-1 

270 262*0 65*3 

' 271 263~o 65*6 

272 263*9 65*8 

273 264*9 66*0 

274 265*9 66*3 

275 266*8 66*5 

276 267*8 66*8 

277 268*8 67*0 

278 269*7 67*3 

279 270*7 67-5 
*280 271*7 

' 272*7 68*0 

282 273-^ 

283 274*6 68- S 

284 275-6 68*7 

285 276-5 68*9 

286 277-5 ^9’^ 

287 278-5 J9-4 

28^ >79’4 "9-7 

28 j> 280-4 69 9 
290 28 i‘ 4_ ,7^, 

■■ ‘jj)l ”282^ 70-4 

292 283-3 70* 

293 284*3 70 9 

294 285-3 71 I 

I 295 286-2 71 4 

296 287*^ 71; 

297 288-2 715 

298 289*1 71 

I 299 290-1 1 I 

300 291- 1 7» 











TABLE 2 
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TRAVERSE TABLE TO DEGREES 


Dist.|D.Lat.| Dep.|Diat.|D. Lat| Dep. |Dist.lD. Lat.| Dep. |Dist.|D. Lat.l D«p, 



181 174*8 
182 175 *^ 

188 176*8 
184 177*7 


188 iSi*6 
188 182*6 


183 186*4 

184 187*4 


187 190*3 

188 191*3 

188 192*2 


201 

194*2 

52*0 

202 

i 95 ‘i 

5^*3 

203 

196*1 

5^*5 

204 

197*0 

52*8 

205 

198*0 

53 ‘i 

206 

199*0 

53-3 

207 

199*9 

53*6 

‘208 

200*9 

53‘8 

209 

201 *9 

54 - 1 

210 

202*8 

54‘4 

211 

2038 

54-6 

212 

204*8 

54-9 

213 

205*7 

551 

214 

206*7 

55*4 

215 

207*7 

55*6 

216 

2 o 8*6 

55*9 

217 

209*6 

56*2 

218 

2 10*6 

56*4 

219 

211*5 

56*7 

2-20 

212* 5 

56*9 

2‘2r 

213*5 

57*2 

222 

214*4 

57*5 

22.3 

215*4 

57*7 

2‘24 1 

2 i 6*4 

58*0 

2-25 

217*3 

58*2 

• 2‘26 

2 i 8*3 

58-5 

•227 

2 I 9 -. 3 . 

58*8 



241 232*8 

242 233*8 

243 234*7 

244 235*7 
‘245 236*7 
“248 237*6 

247 2386 

248 239*5 

249 240*5 

250 241*5 

251 242*4 

252 243*4 

253 244*4 

254 245*3 

255 246 ‘3 
258 247*3 

257 248*2 

258 249*2 

259 250*2 
*260 251*1 


261 252*1 

262 2531 

263 254*0 

264 255*0 

265 256*0 

266 256*9 

267 257*9 

268 258*9 

269 259*8 

270 260*8 

27!" 261*8 ' 
272 262*7 
*273 263*7 

274 264*7 

275 265*6 

276 266*6 

277 267*6 

278 268*5 

279 269*5 

280 270*5 


281 271*4 

282 272*4 

283 273*4 

284 274*3 

285 275*3 

286 276*3- 

287 277-2 

288 278*2 
‘*89 279*2 
‘J 90 280*1 
29 r 281*1 ' 
292 282*1 
203 283*0 
294 284*0 
‘295 2849 

296 285*9 

297 286*9 

298 287*8 

299 288-8 

300 289*8 


Dist. Dep. 
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TABLE 2 



182 174*9 

188 175*9 

184 176*9 

185 177*8 
188 178*8 

187 179*8 

188 i8o*7 

189 i8i*7 

190 182*6 


241 231*7 I 

242 232*6 

243 233*6 I 

244 234*5 I 

245 235*5 
248 236*5 

247 ^37*4 

248 238*4 

249 239*4 

250 240* 3 


61 49*0 

52 50*0 

53 50*9 

54 51*9 

65 52*9 

56 53*8 

67 54*8 

58 55*8 


60 57*7 


14*1 111 
14*3 1*2 
14*6 113 
14*9 114 
15*2 11«5 
1 15*4 116 
15*7 117 
i6*o 118 


141 135*5 3 

142 136*5 3 

143 137-5 3 

144 138*4 J 

145 139*4 ^ 

146 140*3 ^ 

147 H >*3 ^ 

148 142*3 

149 143*2 

150 144*2 

161 145 ’^ 

152 146*1 

153 147*1 

154 148*0 

155 i 49 ’o 

156 1 50*0 

157 150*9 

158 151*9 

159 152*8 

160 153*8 
r Tei 154*8 
; 162 155*7 

^ 163 156-7 
f 164 157*6 
) 165 158-6 
i 166 159*6 

5 167 160*5 

3 168 161*5 

3 169 162*5 
^170 j 63’4 

6 171 164*4 

9 172 165-3 

1 173 166*3 

4 174 167-3 

7 175 i68*2 

0 176 169-2 

2 177 170*1 

5 178 171*1 

8 179 172*1 

1 180 1730 



204 196*1 < 

205 197*1 ‘ 

206 198*0 • 

207 199*0 ! 

208 199*9 I 

209 200*9 ; 

210 201*9 I 

211 202*8 

212 203 8 

213 204*7 

214 205*7 

215 206*7 

216 207*6 

217 208*6 

218 209*6 

219 210*5 

220 211*5 _ 

"2^ 212*4 


2*23 214*4 
2-24 21 5' 3 

225 216*3 

226 217-3 
2*27 218*2 

228 219*2 

229 220* I 

230 221*1 


231 222*1 

232 223*0 

233 224*0 

234 224*9 

235 225*9 

236 226*9 

237 ^^7*8 

238 ^28*8 

239 229*7 

240 230*7 


271 260*5 

272 261*5 

273 262*4 

274 263*4 

275 264*3 

276 265*3 

277 266*3 
276 267*2 

279 268*2 

280 269*2 
‘ Wr 270* 1 

282 271*1 

283 272*0 

284 273*0 

285 274 ’ o 

286 274*9 

287 275*9 

288 276*8 

289 277*8 

290 278*8 












45 & 


TRAVERSE TABLE TO DEGREES 

_ 



Dep. p. Lat 


4 ** 52 "* 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 



58 t 55-a 

A9 I s5*i I 

«0 I 57*1 


58*0 18*9 

59'o 19*2 


62*8 20*4 

63*7 20*7 

64*7 21*0 

65*6 21*3 

66*6 21 ^ 

67*5 21*9 

68*5 22*2 
69-4 22*6 

70*4 22*9 

71*3 23*2 

72*3 23*5 

73*2 23*8 

74*2 24-1 




Dist. D. Lat. Dep. IDist. D. Lat. Dep. 


121 115-1 37-4 

122 ii6*o 37-7 

12:1 117*0 38-0 

124 117*9 38*3 


126 119*8 

127 120*8 

126 121*7 
129 122*7 
1:10 123-6 


133 126-5 


136 129*3 

137 130*3 

138 131*2 

139 132*2 

140 133*1 


143 136*0 

144 137*0 

143 137*9 

146 138*9 

147 i 39‘8 

148 140*8 

149 141*7 

150 142*7 

151 143*6 

152 144*6 

153 145*5 

154 146 5 

155 147*4 

156 148*4 

157 149*3 

158 150*3 

159 151-2 


163 1 55*0 


169 i6o*7 

170 i 6 i ’7 




162*6 

52*8 

163-6 

53 ”^ 

164*5 

53’5 

165*5 

53*8 

166*4 

54*1 

167*4 

54*4 

168*3 

54*7 

169*3 

55*0 

170*2 

55M 

171*2 

55*6 

Uep. 

D.Lat. 


3 P. 








TABLE 2 
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Dist. D, LatJ Dep. 



241 

227*9 

78*5 

1 242 

225 J -8 

78*8 

24 a 

229*8 

79*1 

244 

230*7 

79*4 

245 

231*7 

79-8 

240 

232*6 

80*1 

247 

^ 33*5 

8o*4 

248 

234*5 

80*7 

24 J) 

235*4 

8i*i 

250 

236*4 

8 1*4 

251 

237*3 

81*7 

252 

238*3 

82*0 

25 a 

239*2 

82*4 

254 

240*2 

82*7 

255 

241*1 

83*0 

256 

242*1 

83*3 

257 

243*0 

83*7 

258 

243*9 

84*0 

250 

244*9 

84*3 

260 

245*8 

84*6 

261 

246*8 

85*0 

202 

247*7 

85*3 

203 

248*7 

85*6 

204 

249*6 

86*0 

205 

250*6 

86*3 

260 

251*5 

86*6 

207 

252*5 

86*9 

268 

253*4 

87-3 

260 

254*3 

87*6 

270 

255*3 

87*9 

271 

256*2 

88*2 

272 

257*2 

88*6 

273 

258*1 

88*9 

274 

259** 

89*2 

275 

260*0 

89-5 

270 

261*0 

89-9 

277 

261*9 

90*2 

278 

262*9 

90*5 

270 

263*8 

90*8 

280 

264*7 

91*2 

[281 

265*7 

9**5 

282 1 

266*6 

91*8 

283 

267*6 

92*1 

284 

268*5 

92*5 

[285 

269*5 

92*8 

[280 

270*4 

93*1 

287 

271*4 

93*4 

288 

272*3 

93*8 

289 

273*3 

94*1 

290 

274*2 

94*4 

291 

275*1 

94*7 

292 

276*1 

95*1 

293 

277*0 

95*4 

294 

2780 

95*7 

295 

278*9 

96*0 

296 

[ 279*9 

96*4 

297 

280*8 

96*7 

298 

281*8 

97*0 

299 

282*7 

97*3 

300 

1 283*7 

97 *y 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 


Ih 20"* 





























TABLE 2 


4i59 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 

2 



121 

112*2 

45*3 

122 

1131 

45**7 

1*23 

1 14*0 

46* I 

124 

115*0 

46*5 

1 25 

1159 

46*8 

1*26 

w6*8 

47*2 

127 

1 17*8 

* 47*6 

1*26 

ii 8*7 

47*9 

1*29 

1 19*6 

48*3 

130 

120* 5 

48*7 

131 

121*5 

49*1 

132 

122*4 

49*4 

133 

123*3 

49*8 

134 

124*2 

50*2 



EEiiltSI 

55 *« 

56*2 

151 1400 

56*6 

152 140*9 

56*9 

153 141*9 

57*3 

154 142*8 

57*7 

155 143*7 

58*1 

156 144*6 

58*4 

157 145*6 

58*8 

156 146*5 

59*2 

159 147*4 

59*6 

160 148*3 

59*9 

161 149*3 

6 o*3 

162 150*2 

6 o*7 

163 151*1 

6 i* I 

164 152*1 

6 i*4 

165 153*0 

6i*8 

166 153*9 

62*2 

167 154*8 

62*6 

166 155*8 

62*9 

169 156*7 

63*3 

170 157*6 

63*7 

171 158*5 

64* I 

172 159*5 

64*4 

173 160*4 

64*8 

174 161*3 

65*2 

175 162*3 

65*6 

176 163*2 

65*9 

177 164*1 

66*3 

I7» 165*0 

66*7 

179 i66*o 

67*1 

160 i66*9 

67*4 



61 

3 ° 




246 

228* 1 

247 

229*0 

246 

229*9 

:M 9 

230*9 

250 

231*8 

251 1 

232*7 


253 

254 

234*6 

^ 35*5 

255 

256 

236*4 

237*4 

257 

256 

259 

260 

238 3 

239*2 
240* 1 
241* 1 


2 (il 2420 
!2fi2 242*9 
‘ 2 f >3 243*8 
•264 244*8 

265 245*7 

266 246*6 

267 247*6 ] 

266 248*5 J 

269 249*4 : 

270 250*3 


•271 251*3 

272 252*2 

273 253*1 

274 254*0 1 

275 2 55'o 

276 2559 

277 256*8 

276 257*8 
279 258*7 
•J«0 259*6 _ 
•J})1 260*5 

262 261*5 1 

263 262*4 : 

264 263*3 ] 

265 264*2 

266 265*2 

267 266* I 

266 2670 
289 268*0 ] 
^0 268*9 J 
■21H 269*8 “ 

292 270*7 

293 271*7 

294 272*6 

295 273*5 

296 2744 
•297 275*4 

298 276*3 

299 277*2 

300 27«*2 

















TABLE 2 
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iUifPByris o M tT 


Dist.D. Lat. Dep. 



44 40*5 

45 41*4 

46 42*3 

47 43-3 

48 44-2 

49 45., 

50 46 o I 


51 46’Q 

52 47.; 


164 102 

i6-8 103 


i8*4 107 

18*8 108 
19*1 109 

19 s HO 
19-9 HI 


23*4 120 


173 159** 

174 160*2 
ITS i6i*i 

176 162*0 

177 162*9 

178 163*8 

179 164-8 

180 165-7 




281 258-7 109*8 

282 259-6 110*2 

283 260*5 1 10-6 

284 261*4 iii-o 

285 262-3 111*4 

286 263-3 111-7 

287 264-2 1 12* I 

288 265-1 112-5 

289 266-0 112-9 

290 266- 9 ii3'3 

291 267-9 113*7 

292 268-8 114-1 

293 269-7 114-5 

294 270-6 1 14-9 

296 271*5 ”5*3 

296 272-5 115*7 

297 273*4 ii6-o 

298 274*3 **6-4 

299 275*2 116*8 

300 276-2 117*2 


Distj Dep. D. La 


















46S 


TABLE 2 


DistJD. Lat. Dep. 



11 

10*0 

12 

11*0 

13 

11*9 

14 

12*8 

15 

1 13*7 



*64*4 


D.LatlOist. Dep. D. Lat. 


6 


227 207*4 

228 zo8‘3 

229 zo9*z 

230 zio-i 

231 zii‘o 

232 211*9 

233 212*9 

234 213*8 

235 214*7 

236 215*6 

237 216*5 

238 

239 I 218*3 I 

240 I 219*3 I 


242 221*1 

243 222*0 

244 222*9 

245 223*8 

246 224*7 

247 225*6 

248 226*6 

249 227*5 

250 228*4 

251 229*3 

252 230*2' 

253 231*1 

254 232*0 

255 233*0 

256 233*9 

257 234*8 

258 235*7 

259 236*6 

260 237*5 

261 238*4 

262 239*3 
*263 240*3 

264 241*2 

265 242*1 

266 243*0 

267 243*9 

268 244*8 

269 245*7 

270 246*7 

271 247 ’6 

272 248 5 

273 249*4 

274 250*3 

275 251*2 

276 252*1 

277 253*1 

278 254*0 

279 254*9 

280 255*8 

281 256*7 

282 2576 

283 258*5 

284 259*4 

285 260*4 

286 261*3 

287 262*2 

288 263*1 

289 264*0 

290 264*9 


297 2713 

298 27 »*a 

299 273 ’* 

300 2741 


























TABLE 2 
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TRAVERSE TABLE TO DEGREES 




19 

20 


21 i 9'0 

22 I 9'9 


24 21*8 

25 W 7 

26 ^ y 6 

27 24*5 

28 25*4 

29 26*3 

30 27*2 


3t 28*1 

32 I 29*0 I 

33 I 29*9 I 


35 31*7 

36 32*6 

37 33*5 

38 54*4 

39 35*3 

40 363 





25*8 121 
26‘z 122 
266 123 
27*0 124 
27*5 125 
27*9 126 
28*3 127 
28*7 128 
292 129 
296 130 
300 131 
30*4 132 
30*9 133 
3*'3 134 
31*7 135 
32*1 136 
32*5 137 
330 138 
33*4 139 
33-3 140 
34*1 141 
34*7 142 
35*1 143 
35*5 144 
35*9 145 ' 
36*3 146 
36*8 147 
37*2 148 
37*6 149 
38*0 150 


38*5 161 

389 152 
39*3 163 
397 154 
40* I 1 55 
40 6 156 
41-0 157 
41-4 158 

41- 8 159 

42- 3 160 


42-7 161 
43*» 162 
43*5 163 
440 164 
44’4 165 
448 166 

451 167 
4<;*6 168 
46- 1 169 

46-5 170 


46*9 171 

47*3 172 

47*8 173 
48*2 174 
48*6 175 

49*0 176 

49*4 177 
49*9 178 
50*3 179 

50*7 180 



191 1731 

192 174*0 
1.93 174*9 

194 175*8 

195 176*7 

196 177*6 

197 178*5 

198 179*4 

199 i8o*4 

200 181*3 


201 182-2 

202 183- 1 

203 184*0 

204 184*9 
*205 185*8 

206 186-7 

207 187*6 
•208 i88*5 

209 189*4 

210 190*3 


211 191*2 

212 192-1 

213 1930 

214 193*9 

215 194*9 

216 195-8 

217 196*7 

218 197*6 

219 198*5 

220 199*4 

221 200-3 

222 201-2 

223 202*1 

224 203*0 
2*25 203*9 

226 204*8 

227 205*7 

228 206*6 

229 207*5 

230 208 *5 


231 209-4 

232 210*3 

233 211*2 

234 212*1 

235 213*0 

236 213*9 

237 *14*8 

238 215*7 

239 216*6 

240 217*5 


241 218*4 

242 219*3 

243 220*2 

244 221*1 

245 222*0 

246 223*0 

247 223*9 

248 224*8 

249 225*7 

250 226*6 


251 227*5 
262 228-4 
253 229-3 
264 230-2 
255 231*1 
266 232*0 

257 232*9 

258 233*8 

259 234*7 
•260 235*6 


261 236*5 

262 237*5 

263 238*4 

264 239*3 

265 240*2 
206 241*1 

267 242*0 

268 242*9 

269 243*8 

270 244*7 


271 ^45*6 

272 246- 5 

273 247-4 

274 248-3 

275 249-2 

276 250*1 
‘277 251*0 
278 252 0 
•279 252*9 
280 253-8 



291 263-7 

292 264*6 

293 265*5 

294 266*5 
296 267*4 

296 268*3 

297 269'‘2 

298 270*1 

299 271*0 

300 271*9 


DistJ Dep. |D.Lat.|Dist^ Dep. D. Lat. 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 


Di3t.|D.I.atl Dej). iDist.iD. Lat. Dep. 



44'0 21*5 

44*9 21-9 


45 -JJ 22*4 

46*7 22*8 
47*6 23*2 
48*5 23-7 
49 '4 ^4*1 

503 M'S 
51*2 25*0 
52*1 25-4 
53-0 25*9 
53*9 a6*3 


Dist. D. L;.t. De]). 


181 162*7 

182 163*6 

183 164*5 

184 165*4 

185 i66*3 
188 167*2 

187 168*1 

188 169*0 

189 169-9 

190 170*8 


191 171*7 

192 172*6 

193 1735 


199 178-9 

200 179-8 

201 180*7 

202 18 1*6 

203 182*5 

204 183*4 

205 184*3 
208 185*2 

207 186*1 

208 186*9 

209 187*8 

210 188*7 


212 190*5 

213 191*4 

214 192-3 
*215 193*2 
218 194*1 

217 195*0 

218 195*9 

219 196*8 
'220 197-7 

*221 198*6 

222 199*5 

223 200*4 
2*24 20 1 * 3 

225 202*2 

226 203*1 

227 204*0 
2*28 204*9 
229 205*8 
280 206*7 


231 207*6 

232 208*5 

233 209*4 

234 210*3 

235 211*2 
*236 212*1 

237 ai3*o 

238 213*9 

239 214*8 

240 ai 5*7 


241 2i6*6 i 

242 217*5 

243 218*4 

244 219*3 

245 220*2 

246 221*1 

247 222*0 

248 222 ‘9 

249 223*8 

250 224*7 


251 225*6 

252 226* 5 
263 227*4 

254 228*3 

255 229*2 

258 230*1 

267 231-0 

268 2r3i*9 

259 232*8 

280 233*7 

281 234-6 
262 23 5*5 

283 236*4 

284 237*3 

285 238*2 
288 239*1 

287 240*0 

288 240*9 

269 241*8 

270 242*7 


271 243*6 

272 244*5 

273 245*4 

274 246*3 

275 247*2 
278 248^1 

277 249*0 

278 249*9 

279 250*8 

280 251*7 

'28~1 2526 

282 253-5 

283 254*4 

284 255*3 

285 256*2 

286 257*1 

287 ^58-0 

288 258 9 

289 259*8 

290 260*7 
2^ 261*5 

292 262*4 

293 263*3 

294 264-2 

295 265*1 

296 266*0 

297 ^66*9 

298 267*8 

299 268*7 

300 269*6 


:st.iDep.|D.L*at|D:st.l Dep. |D.Lat|Dist.l Dep. [D. Lat.|DUt.l Dep. ,D. Lat.lDist .1 Dep. |D.La‘ 
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14 

12*5 

15 

13*4 

10 

14*3 

17 

15*1 

18 

16*0 

19 

20 

i6*9 

17*8 

21 

i8-7 

22 

19-6 

23 

20*5 

24 

2 1*4 

^^1 

22*3 


U 30-3 
!ir) 31*2 
lUj 32*1 
;i7 33*0 

;{f! 33-9 

:i!j 34*7 

41 36-5 

42 37-4 

4 :i 38.3 

44 39 2 


41-9 


f>l «ri 

‘12 82-0 

‘Kt 82-9 
‘14 83-8 

95 84-6 

9(; 83*5 

97 86*4 

9« 87*3 

99 88-2 

100 89-1 


113 100*7 

114 101*6 

115 102 5 
1 IfJ 103 4 

117 104*2 

118 105*1 

119 io6*o 


121 107*8 

122 1 08 *7 

123 109*6 

124 110*5 

125 111*4 

120 i*“’3 

127 

128 114*0 

1*29 1 14' 9 
130 in*>“ 

131 “ ij6*7 “ 

132 117*6 

133 118*5 

134 119*4 

135 120*3 
130 121*2 

137 122*1 

138 123*0 

139 123*8 

140 124*7 

141 125*6 “ 

142 126*5 

143 127*4 

144 128*3 - 

145 129*2 
140 130*1 

147 131*0 

148 131*9 

149 132*8 

ir>9 nr ? 
l*'»l i34‘5 

52 135-4 ‘ 

53 136*3 ( 

54 137*2 ( 

.55 138*1 ■ 

150 139*0 

157 139*9 

158 140*8 

59 14 « *7 ‘ 

00 142*6 

01 143*5 

02 144*3 ' 

103 145*“ 

101 146*1 

105 i47*f^ 
100 147*9 
107 148*8 

08 149*7 

09 150*6 

^1 i>T*=; ‘ 

71 152*4 
17*2 153*3 ' 
178 154*1 
171 .155*0 
17.5 155*9 
70 156*8 ' 

77 157*7 ! 

78 158*6 ! 

79 159*5 ' 

80 160*4 ! 


>07 

184*4 

94*0 

>08 

i85'3 

94*4 

209 

186*2 

94*9 

210 

187*1 

95*3 

211 

188*0 

95*8 

>12 

i8S*9 

96*2 

213 

189*8 

96*7 

>14 

190*7 

97*2 

>15 

191*6 

97*6 

>10 

192*5 

98* 1 

->17 

193*3 

98*5 

>18 

194*2 

99*0 

219 

195*1 

99*4 

>20 

IC;6*0 

99*9 

>>I 

196*9 

100*3 

222 

197*8 

ioo’8 

223 

198*7 

101*2 

224 

199*6 

101*7 

225 

200*5 

102* I 

226 

201*4 

102*6 

227 

2C2*3 

103*1 

228 

C03*I 

103*5 

22*1 

204*0 

104*0 

>30 

^04*9 

104*4 

23 r 

205-8 

104*9 

232 

j 2C 6*7 

105*3 

233 

207*6 

105*8 

231 

2c8*5 

Io6*2 

235 

209*4 

ic6*7 


241 

214*7 

109*4 

242 

2I"6 

109*9 

213 

2 l()*5 

1 10*3 

244 

217*4 

110*8 

245 

21 8* 3 

111*2 

240 

219*2 

111*7 

217 

220* I 

1 12* 1 

248 

22 T*0 

I 12*6 

240 

22 1*9 

1 1 3*0 

250 

2?2*8 

113*5 

251 

223*6 

1 14*0 

252 

224*5 

114*4 

253 

225*4 

114*9 

254 

226*3 

115*3 

255 

227*2 

ii5'8 

250 

228*1 

116*2 

257 

229*0 

116*7 

258 

229*9 

117*1 

250 

230*8 

1 17*6 

200 

231*7 

1 i8*o 

201 

232*6 

118*5 

KitglBwH 

1 i8*9 

203 

2 34*3 

119*4 

201 

235*2 

119-9 

205 

236*1 

120*3 


13*0 

108*5 

13*8 

109-0 


I ^37 9 

208 I 258*8 


-^71 241*5 

->72 242*4 
27H 243*2 
>74 244*1 
275 245*0 
270 245*9 

277 246*8 

278 247*7 

279 248*6 

280 249*5 

281 250*4 

282 251*3 

283 252*2 

284 253*0 

285 253*9 
280 254*8 

287 255*7 

288 256*6 

289 257*5 
>90 2c8*4 


62*0 133*5 


290 263*7 134*4 

297 264*6 134*8 

298 265*5 135*3 

299 266*4 135*7 

300 267*3 136*2 


120 106*9 54*5 160*4 8i*7 

Dist. Dep. jD.LHt Disl.l Dep. D. Lat.|l)isf.| Dep. jD. Lat.|Dist.| De) 
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TABLE 2 


46G 


TRAVERSE TABI^E TO DEGREES 


28° I** 52"‘ 


Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dej). 

Dist. 

1 ). Lat. 

Dop. 

Dist. 

D. Lat. 

Dep. 

Dist. 

D. Lat. 

Dep. 

1 

0*9 

0*5 

01 

53*9 

28-6 

121 

io6*8 

56*8 

101 

159-8 

85*0 

241 

212-8 

113*1 

2 

1-8 

0*9 

02 

54*7 

29*1 

122 

107*7 

57*3 

102 

160-7 

85-4 

242 

213*7 

113*6 

li 

2.-6 

1*4 

08 

55*6 

29*6 

123 

108*6 

57*7 

100 

i6i*6 

85*9 

240 

214*6 

” 4*1 

4 

35 

1*9 

(M 

56*5 

30*0 

121 

109*5 

58*2 

104 

162*5 

86*4 

244 

215*4 

114*6 

5 

4*4 

2*3 

0*5 

57*4 

30*5 

125 

1 10*4 

58*7 

105 

163*3 

86*9 

245 

216*3 

115-0 

K 

5-3 

2*8 

00 

58*3 

31*0 

1 20 

”J* 3 , 

59 *^ 

106 

164*2 

87*3 

246 

217*2 

” 5*5 

7 

6*2 

3*3 

07 

59*2 

3**5 

127 

II 2 *I 

59-6 

107 

165*1 

87*8 

247 

2 I 8 *I 

I i6*o 

y 

7*1 

3-8 

08 

6o*o 

31*9 

120 

1130 

60* I 

100 

166*0 

88*3 

24 H 

219*0 

” 6*4 

, 9 

7*9 

4*2 

00 

6o*9 

3^*4 

120 

” 3*9 

6o*6 

1 00 

166*9 

88*7 

240 

219*9 

h6*9 

10 

8-8 

4*7 

70 

6i*8 

32*9 

1 30 

1 14*8 

610 

100 

167*8 

89*2 

250 

220*7 

117*4 

11 

9*7 

5*2 

71 

62*7 

33*3 

131 

” 5*7 

61*5 

iol 

j68*6 

89*7 

251 

221*6 

117*8 

12 

10*6 

5*6 

72 

63*6 

33*8 

132 

n6* 5 

62*0 

I0*2 

169-5 

90*1 

252 

222*5 

118*3 

13 

Ji *5 

6*1 

7 ;t 

6+*5 

34*3 

133 

” 7*4 

62*4 

100 

170-4 

90*6 

253 

223*4 

118*8 

14 

12*4 

6*6 

71 

65*3 

34*7 

131 

ii8-3 

62*9 

1!14 

171*3 

911 

254 

224*3 

1 19*2 

15 

13*2 

7*0 

75 

66*2 

35 *i 

135 

119-2 

63*4 

I! 15 

172*2 

91-5 

255 

225*2 

” 9*7 

10 

J 4 *i 

7*5 

70 

67*1 

35*7 

130 

1201 

63 ‘S 

106 

173*1 

92*0 

256 

226*0 

120*2 

17 

15*0 

8*0 

77 

68*0 

36*1 

1:^7 

12 1*0 

64*3 

107 

173*9 

92*5 

257 

226*9 

120*7 

18 

J 5*9 

^•5 

78 

68*9 

36*6 

130 

12 I *8 

64*8 

1 00 

174*8 

93*0 

256 

227*8 

121*1 

10 

i6*8 

8*9 

79 

69*8 

37*1 

i:i‘» 

122*7 

65*3 

l!10 

175*7 

93*4 

250 

228*7 

121*6 

20 

17*7 

9*4 

80 

70*6 

37*6 

1 10 

1236 

65-7 

260 

176*6 

93*9 

260 

229*6 

122*1 

21 

j 8*5 

9*9 

81 

71*5 

38*0 

Nl 

124*5 

66*2 

201 

177*5 

94*4 

261 

230*4 

122*5 

22 

i 9«4 

10*3 

82 

72*4 

38*5 

1 12 

125*4 

66*7 

202 

178*4 

94*8 

2f;*2 

231*3 

123*0 

23 

2 - 0*3 

10*8 

88 

73*3 

39*0 

143 

126*3 

67* 1 

200 

179*2 

95*3 

260 

232*2 

123*5 

24 

21’2 

11*3 

84 

74*2 

39*4 

Ml 

127* I 

67*6 

204 

180* I 

95*8 

264 

233*1 

123*9 

25 

22*1 

11*7 

85 

75*1 

39*9 

1 15 

128*0 

68-1 

205 

181*0 

96*2 

26*5 

234*0 

124*4 

20 

23*0 

12*2 

80 

75*9 

40*4 

MO 

i2<S*9 

68*5 

206 

i8i*9 

96*7 

26*6 

234*9 

124*9 

27 

23*8 

12*7 

«7 

76*8 

40*8 

147 

129*8 

69*0 

207 

182*8 

97*2 

267 

235*7 

” 5*3 

28 

24*7 

13*1 

88 

77*7 

4**3 

140 

130*7 

69*5 

200 

183*7 

97*7 

26 H 

236*6 

125*8 

20 

25*6 

13*6 

80 

78*6 

41*8 

140 

131*6 

70*0 

200 

184*5 

98*1 

260 

237*5 

126*3 

30 

26*5 

14*1 

90 

79*5 

42*3 

150 

132*4 

70-4 

210 

185*4 

98*6 

270 

238*4 

126*8 

31 

27*4 

14*6 

91 

80*3 

42*7 

151 

* 33*3 

70*9 

211 

186*3 

99*1 

271 

^ 39*3 

127*2 

32 

28*3 

15*0 

02 

81*2 

43*2 

152 

134-2 

71*4 

212 

187-^ 

99*5 

272 

240*2 

127*7 

33 

29*1 

* 5*5 

98 

82*1 

43*7 

1 53 

* 35*1 

71-8 

210 

i88*i 

100*0 

270 

1 241*0 

128-2 

34 

30*0 

j6*o 

04 

83*0 

44*1 

154 

136*0 

72*3 

214 

189*0 

100*5 

274 

241*9 

128*6 

35 

30-9 

i6*4 

05 

83*9 

44*6 

155 

136*9 

72*8 

215 

189*8 

100*9 

275 

242*8 

129* 1 

30 , 

31*8 

i6*9 

00 

84*8 

45 '* 

156 

137*7 

73*2 

216 

190*7 

101*4 

276 

243*7 

129*6 

37 

3^.7 

17*4 

07 

85*6 

45*5 

M 7 

138*6 

73*7 

217 

191*6 

101*9 

277 

244*6 

130*0 

38 •! 

33*6 

17*8 

08 

86*5 

46*0 

156 

i 39*5 

74*2 

210 

192*5 

102*3 

27 « 

245*5 

13^*5 

30 

34*4 

18*3 

0!) 

87*4 

46*5 

150 

140*4 

74*6 

210 

1 193*4 

102*8 

270 

246-3 

1310 

40 

JJ ’ A . 

i8*8 

100 

88*3 


100 

141*3 

75*1 

220 

^ 94 ’^ 

J° 3;3 

260 

1 247-2 

131*5 

41 

36*2 

19*2 

loi 

89*2 

47*4 

lOf 

142*2 

75*6 

221 

195*1 

103*8 

2«l 

248*1 

‘ i 3 J '9 


37 ** 

* 9*7 

102 

90*1 

47*9 

162 

143*0 

76-1 

222 

196*0 

104*2 

262 

249*0 

132*4 

43 

38*0 

20*2 

108 

90*9 

48*4 

163 

143*9 

76*5 

220 

196*9 

104*7 

2«0 

249*9 

132*9 

44 

38*8 ! 

20*7 

104 

91*8 

48*8 

104 

144*8 

77-0 

224 

197*8 

105*2 

2 H 4 

250*8 

nr 3 

45 

39*7 

21*1 

105 

92*7 

49*3 

105 

J 45*7 

77*5 

225 

198*7 

105*6 

265 

251*6 


46 

40*6 

21*6 

100 

93*6 

49*8 

1 00 

146*6 

77*9 

226 

199*5 

106* 1 

2«6 

252*5 

J 34'3 

47 

4**5 

22*1 

107 

94*5 

50*2 

107 

147*5 

78*4 

227 

200*4 

io6*6 

2«7 

253*4 

1347 

48 

42*4 

22*5 

108 

95*4 

50*7 

100 

>48*3 

78*9 

220 

201*3 

107*0 

260 

2 54*3 

135-^ 

49 

43*3 

23*0 

100 

96*2 

51*2 

100 

149*2 

79*3 

220 

202*2 

107*5 

260 

^ 55 '^ 

1357 

50 


^ 3*5 

llO 

97*1 

51*6 

170 

I 50*1 

79*8 

200 

203*1 

108*0 

200 

256*1 

136*1 

51 

45*0 

23-9 

111 

98*0 

52*1 

171 

1510 

80*3 

231 

204*0 

108*4 

201 

256-9 

136*6 

52 

45*9 

24*4 

112 

98*9 

52*6 

172 

151*9 

80*7 

202 

204*8 

108*9 

202 

257*8 


53 

46 8 

24*9 

118 

99*8 

53*1 

173 

152*7 

8i*2 

200 

205*7 

109*4 

200 

258*7 

137 0 

54 

47*7 

^ 5*4 

114 

100*7 

53*5 

174 

153*6 

8 i -7 

204 

206*6 

10^ 

204 

1 259*6 

138*0 

55 

4«*6 

25*8 

115 

101*5 

54*0 

175 

154*5 

82*2 

205 

207*5 

1 10*3 

205 

260*5 

i 3^’5 

50 

49*4 

26*3 

110 

102*4 

54*5 

176 

155*4 

82*6 

206 

2o8*4 

1 10*8 

206 

261*3 

n 9 '^ 

57 

50-3 

26*8 

117 

103*3 

54*9 

177 

156*3 

83*1 

207 

209*3 

1 11*3 

207 

262*2 

1 I 39’4 

55 

i 

27*2 

118 

104*2 

55*4 

I 7 » 

157*2 

83*6 

200 

210 * I 

111*7 

206 

263*1 

j 1397 

•Ml 

^2*T 

27*7 

no 

105*1 

55*9 

179 

158*0 

84*0 

200 

211*0 

112*2 

2J)0 

264*0 

140*4 


^3 c.- 

28*2 

120 

ic6*c 

56-3 

100 

158 9 

84* <; 

240 

21 1*9 

1 12*7 

000 

264*9 

140*8 

IJisr.i 

1 

Oej). 

O.Liit 

Ditrt. 

Dop. 

D.Lat 

Dist. 

Dep. 

D. Lut. 

Dist. 

Dep. 

D. L*Ht. 

Dist. 

Dop. 

1 ). L>‘i* 


4 ^ 8 '" 




TABLE 2 


467 


7*9 4'4 


Sf.| Uep, iD.Lsi 


U7 

128*6 

71-3 

148 

129*4 

71*8 

148 

130-3 

72*2 

1 08 


72-7 

151 

152*1 

73*2^ 

15*2 

132*9 

73-7 

1 58 

133-8 

74*2 

154 

134-7 

74-7 

1 55 

135-6 

75-1 

15(; 

J36*4 

75*6 

l'»7 

137-3 

76- 1 

158 

138*2 

76*6 

158 

139*1 

77*1 

1(»0 

139-9 

77-6 

UiT 

140*8 

78- 1 

182 

141*7 

78-5 

188 

142-6 

79-0 

184 

' 143-4 

79-5 

1 (>5 

j 144-3 

8o*o 

1 {>8 

145*2 

So- 5 

187 

1461 

Si'o 

1 88 

146-9 

8 1*4 

188 

147-8 

81-9 

170 

J4>^-7 

82*4 

171 

149-6 

82-9 

172 

150-4 

83-4 

17:1 

1 151-3 

83-9 

174 

1 52-2 

84-4 

175, 

153*1 

84*8 

178 

153-9 

85-3 

177 

154-8 

85*8 

178 

1 ‘;5*7 

86*3 

178 

156-6 

86*8 

180 

i5'-4 

87*3 

Disr. 

Dop. 

D. Lar. 


Mil 158-3 

87-8 

nmmrnrM 

88*2 

10.‘1 160 -I 

88*7 

DU 160-9 

89*2 

185 161*8 

89-7 

180 162*7 

90*2 

187 163*6 

90*7 

188 164-4 

91*1 

1 80 165-3 

91*6 

100 I i66-2 

92* I 


loa 

i68-8 

93-6 

10 4 

169-7 

94*1 

105 

170-6 

94*5 

100 

171-4 

95*0 

107 

172-3 

95-5 

108 

173-2 

96*0 

100 

174-0 

96-5 

•200 

174*9 

97*0 

2<Tr' 

175-8 

97*4 

202 

176*7 

97-9 

208 

177-5 

98-4 

204 

178*4 

98*9 

205 

179-3 

99'4 

•200 

180*2 

99*9 

207 

181*0 

100*4 

*208 

i8i*9 

100*8 

200 

182*8 

101*3 

•210 

183-7 

101*8 

2 \\ 

^84:5 

102*3 

212 

185*4 

102*8 

218 

186-3 

103*3 

214 

187*2 

103*7 

215 

iX8*o 

104*2 

210 

188*9 

104*7 

217 

189*8 

105*2 

218 

190*7 

105*7 

210 

191*5 

io6*2 

220 

192*4 

106*7 

221 

193-3 

1 107*1 


8*3 xz6-s 



230*0 

127*5 

2 Ui 

230*9 

128*0 

205 

231*8 

128*5 

>60 

232*6 

129*0 


233*5 

129*4 

208 

^34*4 

129*9 

2 (ii) 

^35*3 

130*4 

270 

236*1 

130 9 

271' 

237*0 

131-4 

272 

^37*9 

131-9 

m \ 

238*8 

132*4 




J.J 195*0 105*1 

J 4 195*9 io8*6 
196*8 109*1 
Hi 197*7 109*6 

»7 i9!^*5 110*1 
199*4 iio'S 
in 2co*3 1 1 1*0 

40 2.0 1 ’2 111*5 

il 2020 I 12*0 

{2 202*9 112*5 

{3 203*8 113*0 

54 204*7 ^I 3’4 

t;i 205*5 113*9 


-'.'y 207-3 114-9 

_»:i« i 2 C: 8*2 115*4 

?:i!> I 209*0 115*9 
?40 I 209*9 ij6*4 


iii.lDist.l Dep. j 1>. Lat.]i^i»t.| J)ep. ID. Lai 
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TABLE 
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TABLE 2 


469 


l)i8t. D.Lul| Dej 


16 

13-7 

8-2 

17 

14*6 

8-8 

18 

15*4 

9-3 


20*6 i I2‘4 


22*3 
27 23-1 
2 ii 24*0 

2» 24*9 

30 2 5*7 


31 26*6 

32 27*4 

33 28*3 

34 29*1 

30 30*0 


47 40*3 24-2 107 91-7 55*1 107 143-1 86-c 

4H 41*1 24-7 lOH 92*6 55-6 KiH 1440 86- « 

40 42*0 25*2 100 93-4 56-1 I0f» 144-9 87 c 

2L 42 9 25-8 110 94-3 56*7 I7<> J4S‘7 

ol ^yj 2.6*3 95'i 57‘2 171 146-6 88-1 

62 44*6 26-8 112 96-0 57-7 172 14-4 SS( 

45*4 27-3 113 96-9 58-2 173 14S-3 89- 1 

64 46-3 27-8 1 14 97*7 58’7 17-4 i49’i 89-( 

06 47-1 28*3 115 98*6 59-2 177* 150*0 90* J 

48-0 28-8 110 99-4 59-7 170 150-9 90-6 

•>7 48*9 29-4 117 100-3 60*3 177 151-7 91-2 

o3 loi-i 6o*S 170 i5;*6 91-7 

•>0 50*6 30*4 IIJ) 102-0 61-3 170 153*4 92-2 

51-4 30-9 120 102*9 i54‘3 9^'7 

^‘st, Dep. D.Lat Disl. D^p. D.l at Hist. D.^p. ;!>. L; 


.21 103-7 

22 104*6 

23 ioi;-4 

•24 106*3 

25 107*1 

20 108 ID 

27 108-9 

-28 109*7 

20 110*6 

30 111-4 

31 112-3 

32 113*1 

33 114-0 

34 1149 
.35 115-7 

30 ii6-6 

37 117*4 

38 118-3 


41 120*9 

42 121-7 

43 122*6 

44 1234 

45 124-3 
40 125-1 

47 126*0 

48 126-9 

40 127*7 

50 128-6 


53 131*1 

54 132-0 

55 132-9 

50 133-7 

57 134-6 

68 135-4 

50 136-3 

00 137*1 

01 138-0 

02 1389 

.03 139-7 
.04 140-6 

165 141-4 
00 142-3 

07 141*1 

08 1440 

(iff 144-9 

70 _i 4 jX 

71 146-6 

72 14 *4 

73 148-3 

.74 149-1 

77» 150*0 

70 150-9 
77 151*7 



100 168*0 

107 168-9 

108 169-7 

100 170-6 

200 171*4 

201 172*3 

202 173-1 

203 174*0 

204 174-9 

205 175-7 

200 176-6 
207 177-4 

20« 178-3 

200 179*1 

210 i8o-o 


226 193-7 

227 194-6 

228 195-4 

220 196-3 

230 1 97*1 

231 19S-0 

232 198*9 

233 199*7 
*234 200-6 
235 201*4 
230 202*3 

237 203-1 

238 204-0 
230 204-9 
2 40 205*7 


241 2o6-6 

242 207*4 

243 208-3 

244 209*1 

245 2 10-0 
'J 40 210*9 

247 211-7 

248 212-6 
240 213-4 

250 214*3 

251 21 51 

252 21 6-0 

253 216-9 



273 234-0 I 140-6 

274 234-9 H**» 

275 235-7 141-6 

270 236 6 142-2 

277 23-4 142-7 

278 238-3 143-2 

270 239-1 143*7 

280 240-0 144*2 

28 r 24( *9 I 144-7 


283 242-6 

284 243-4 

285 244-3 

286 245*1 

287 246-0 

288 246-9 

280 247*7 

200 248- 6 ^ 

201 249*4 

202 250-3 

203 251*2 

204 252*0 

205 252-9 

206 253 7 

207 254-6 

208 255-4 
200 256-3 


2 40 ] 205*7 1 123*6 300 1 257*1 1 154*5 
Dist. Do]i, [d. l.at. DistJ Dep. |d. Lat 
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TABLE 2 


BBIB 




31 

26*3 

16-4 


mil 

17*0 

88 

28*0 

i 7'5 

34 

28*8 

i8*o 

35 

29*7 

i8*5 

36 

30*5 

19*1 

37 

31-4 

19*6 



51-7 32*3 

52*6 32*9 

53*4 33-4 
54-3 33'9 

55*1 34*4 

56-0 3S‘o 


59*4 I 3 7* J 


61- 9 38-7 

62- 8 39*2 


04*5 40-3 

65*3 40*8 


68*7 : 42*9 
69*5 I 43*5 

70 - 4 I 44 ’o 

71 - 2 I 44*5 

72 T I 45*0 
72*9 45*6 

73*8 46-1 

74*6 46*6 

75*5 I 47*2 

76- 3 I 47*7 

77 - 2 I 48*2 
78*0 I 48-8 
78*9 49*3 
79*7 49 *^ 



1«2 1 54' 3 I 

IH :{ i 55'2 


l«f} 157*7 

187 155^-6 

188 159*4 

18.9 160-3 

UK ) i 6 i-i 

191 1O20 

1.9*2 162-8 

U).*i 163*7 

194 164-5 

195 165*4 
I9f> i66-2 
U)7 167*1 

198 167*9 

199 1 68 *8 

*200 169*6 


2*21 1 . N 7-4 

‘2-22 188-3 

2*28 189*1 

‘2*2 4 190-0 

225 190-8 

22f> 191*7 


2*29 194*2 

280 195*1 
*281 195*9 

282 196*7 

288 197*6 

284 198*4 

285 199*3 

288 200 ' I 
287 201*0 
‘288 201*8 

289 202*7 
240 203*5 









TABLE 2 


47J 


Dist.| D.l.at] I)e| 


1 I o- 


12 

10*1 

13 

10*9 

14 

11*7 


Ifi 13*4 

17 *4*3 

1« 15*1 

19 159 

20 i6-8 

^ 17*6 
22 i8‘5 

2:3 19-3 

24 j 20*1 
2"! ( 21*0 
20 21-8 


27 


14*7 

28 

23*5 

15*2 

20 

24*3 

15*8 


_25-z 

16*3 


5:3 

27*7 

i 8 *o 

31 

28*5 

18*5 

i 

my 

misitm 

Bm 

mm 

^7 

31*0 

20*2 

38 

3^*9 

20*7 



53*7 34'9 
54*5 3 5*4 
55*4 35*9 

56- 2 36*5 

57- 0 37*0 

57*9 37*6 

58 - 7 

59*5 38*7 
60*4 39*2 
61*2 39*8 

62*1 40*3 


64*6 41*9 
65-4 42-5 
66*3 43‘o 

67*1 43*6 

67-9 44*1 


70*4 45 *7 
71-3 46-3 


73*0 47*4 

73*8 47*9 
74*6 48*5 

7 5* 5 49*0 
76*3 49-6 

77- 2 50-1 

78*0 50*7 

78- 8 51*2 

79*7 5«*7 

8o*5 52*3 

81-4 52-8 

82*2 53*4 

83-0 53*9 


86*4 56-1 

87*2 56’6 

88-1 57*2 

88*9 57*7 

89*7 58*3 

90-6 58-8 


113 

94*8 

6i*5 

114 

95*6 

62*1 

115 

96*4 

62*6 

118 

97*3 

63*2 

117 

98* I 

63*7 

118 

99*0 

64*3 

119 

99*8 

64*8 

120 

100*6 

65*4 

Hist. 

Dep. 

D.Lat 


21 101*5 
22 102*3 
2, *3 103*2 

24 104*0 

25 104*8 
20 105*7 

27 lor^s 

20 107*3 

20 io8*2 

.*{0 109*0 

31 1 ioc»*9 1 


.30 114*1 
.*37 114*9 

,‘30 115*7 

.‘30 116*6 

40 117*4 

41 118*3 

42 119*1 

4.‘3 ii9‘9 

44 120*8 

45 121*6 
id 122*4 
17 123*3 

10 124*1 

40 125*0 

."lO 12 5*8 

.')l 126*6 

52 127*5 
5:3 128*3 

54 129*2 

55 130*0 
fid 1 30*8 

57 131*7 

50 132*5 

50 133*3 

dO 154*2 

01 135 *'^ 

02 135*9 
dti 136*7 

04 .37*5 
0.'» 138*4 

dd 139*2 
d 7 140* I 

dd i4C3*9 

00 141*7 

70 1 42*6 

71 143*4 

72 144*3 

73 145*1 

74 145*9 

75 140*8 
yti 147*6 
77 14^*4 
7« 149*3 
70 1 50* 1 

»() 151*0 


l«l 151*8 
132 152*6 
1«3 153*5 
1H4 154*3 
185 155*2 
I8(i 156*0 

187 156*8 

188 157*7 
180 158*5 
190 159*3 

101 160*2 

102 16 1*0 
Ili.S 161*9 

104 162*7 

105 163*5 
loo 164*4 


100 166*9 

‘200 167*7 

‘201 “168 *6 
202 169*4 

20:3 170*3 

204 171*1 

205 171*9 

200 172*8 


210 _ij6m_ 

21 1 177*0 

212 177*8 
*21. *3 178*6 
*214 179*5 

21.5 i8u*3 
210 181*2 

217 182*0 

218 182*8 

210 183*7 

1 ^ 4-5 

22i 185*3 
•2*22 iS6*2 
223 187*0 
2*24 187-9 

225 188*7 

228 189*5 

227 190*4 

228 191*2 

2*20 192*1 

230 792*9 

231 I 193*7 

232 I 1 94* 6 

233 195*4 

‘234 196*2 

23.5 197*1 
2:38 197*9 
2;i7 I9S-8 

238 199*6 

‘2,‘30 2co*4 
210 201*3 




.Lnt|l)ist. ])pp. n. Lat.jDist. Dep. D. LatJDist.l Dep. jl). Lat 
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TABLE 2 


TRAVERSE TABLE TO DEGREES 


i 8-2 12*3 


24*9 i 6’8 

25 - 7 17*3 

26 - 5 17*9 

27*4 18-5 

282 19*0 

29*0 19*6 

29-8 20 ‘I 

30’7 20'7 

31*5 21-2 
32*3 21*8 

33-2 22-4 


35*6 24-0 

36*5 24-6 


39*0 26-3 

39*8 26*8 

40*6 27*4 

41*5 28*0 
42*3 28-5 

43*1 29-1 

43*9 29-6 

44‘8 30*2 

456 30*8 

46-4 31-3 


1 49.-7 33*6 


fiti 564 


71 5«*9 

72 59*7 

73 60-5 

74 61-3 

7r» 62*2 

7<» 63-0 

77 63-8 

7 a 64-7 
7 !l 65-5 

«0 66*3 

«1 67-2 

«2 68 'o 

m 68-8 

84 69*6 

85 70*5 

8 G 71*3 

87 72-1 

88 73*0 

8‘j 73-8 

98 74.-6 



Dist.lD.Lat Dt»p. iDist. D. T-ut. Dep. iDist. D. Lat. Dep. iDist. D. Lut. ]3ep. jDist.j]). Lat 


21 100*3 

22 ioi*i 

23 102*0 

24 102*8 

25 103 -6 

28 104*5 

27 105*3 

28 1 06*1 

29 106*9 

30 107*8 


05 136*8 


08 139*3 

09 140*1 

70 140*9 

7'2 142*6 

7.3 143*4 

74 144*3 

75 145-1 
70 i4S'9 

77 146*7 

78 147*6 

70 148*4 

80 i 49’2 


Diat.j Dep. |D.Lut|l)ist.j Dep. D.LatjDist.| Dep. |D. Ljit.jDi.st.j Dep. 
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TRAVERSE TAItLE TO DEGREES 


35^ ^ 2 ^ SO"* 


Dist. 

D.Lat 

j Dej). 

Dist 

D.Lat 

Dep. 

Dist 

.Id. Lut. 

Dep. 

Dist 

.Id. Lat 

Dep. 

iDist.lD. Laf 

J.)ep. 

1 

0-8 

0*6 

01 

50*0 

35*0 

121 

99*1 

69-4 

161 

*48-3 

103-8 

241 

1 

197*4 

138-2 

2 

1*6 

1*1 

(12 

, 50’8 

35-6 

122 

99'9 

70*0 

162 

149-1 

104-4 

242 

198-2 

138-8 


a '5 

1*7 

(;:i 

51-6 

36- 1 

126 

100*8 

70-5 

166 

149-9 

105-0 

24:1 

199-1 

139-4 

4 

3*3 

2-3 

(14 

52-4 

36-7 

12 4 

101*6 

71-1 

164 

150*7 

105*5 

244 

199-9 

140-0 

5 

4 ’ I 

2-9 

(lA 

53 *^ 

37*3 

125 

102*4 

71-7 

165 

i 5»*5 

io6- 1 

24.3 

200-7 

140-5 

(* 

4’ 9 

3*4 

(1(1 

54*1 

37*9 

126 

103*2 

71-3 

166 

152*4 

io6*7 

24 tJ 

201-5 

141- 1 

7 

5'7 

4*0 

(17 

54*9 

38-4 

127 

104*0^ 

72-8 

167 

153-2 

107-3 

247 

202*3 

141-7 

ii 

6‘6 

4-6 

(ill 

55*7 

390 

126 

104*9 

73*4 

166 

154-0 

107-8 

24 « 

203-1 

142-2 

n 

7*4 

5 ’^ 

( 1.9 

56-5 

39*6 

120 

105-7 

74*0 

16.0 

154-8 

108-4 

24.9 

204-0 

142-8 

10 

8-2 

5*7 

70 

57*3 

40-2 

160 

io6* <j 

74*6 

1.90 

155-6 

109-0 

• 2.30 

204-8 

143*4 

'll 

9*0 

63 

71 

58-2 

40-7 

161 

107*3 

75*1 

101 

i 56-5 

109-6 

2.31 

205-6 

144-0 

12 

9-8 

69 

72 

59-0 

41*3 

162 

108*1 

75*7 

102 

J 57*3 

1 10- 1 

2.32 

206-4 

144*5 

i;t 

10-6 

7-5 

7:^ 

59*8 

41-9 

1.66 

io8‘9 

76*3 

106 

158-1 

1 10-7 

2.39 

207-2 

145-1 

14 

11*5 

8-0 

74 

6o-6 

42-4 

i:u 

!09-8 

76-9 

104 

158-9 

111*3 

2.34 

2o8-1 

145*7 

ir* 

12-3 

8 6 

7.9 

61*4 

43‘0 

165 

1 10*6 

77*4 

10.5 

159*7 

1 1 1-8 

2 i 3 .i 

208-9 

146-3 

ji; 

131 

92 

76 

62-3 

43-6 

166 

1 1 1*4 

78-0 

106 

i6o-6 

1 12-4 

2 . 3 f> 

209-7 

146-8 

17 

n ’9 

9*8 

77 

631 

44-2 

167 

1 12*2 

78-6 

JO7 

16 1 *4 

113*0 

2.37 

2 10*5 

147*4 

10 

14-7 

10-3 

7 « 

63*9 

44*7 

1,66 

113*0 

79*2 

106 

162*2 

1 13-6 

2.3 « 

211-3 

148-0 

10 

15-6 

109 

79 

64-7 

45-3 

160 

113-9 

79*7 

100 

163*0 

1 14-1 

2.39 

212-2 

148-6 

20 . 

i6'4 

II-5 

«o 

65-5 

4 S *9 

140 

114*7 

80-3 

200 

163-8 

114*7 

2(i0 

2 13*0 

149* I 

2l 

172 

12*0 

61 

66*4 

46*5 

141 

J15 5 

80-9 

201 

164-6 

115-3 

2()1 

213-8 

149*7 

22 

i8*o 

12*6 

«2 

67*2 

47 -o. 

142 

I i6*3 

81-4 


165-5 

115*9 

> ii 2 

214-6 

150*3 

20 

i8*8 

13-2 

«;3 

68*0 

47*6 

146 

1171 

82*0 

2o;i 

166-3 

1 16-4 

2 ii:i 

215-4 

150-9 

24 

19*7 

13-8 

64 

68-8 

^8-2 

144 

118*0 

82-6 

204 

167* 1 

117-0 

204 

216-3 

151-4 

2 h 

20*5 

' 4-3 

65 

69*6 

48-8 

1 4 5 

T r8'8 

83*2 


167-9 

1 17-6 

205 

217-1 

1 52-0 

20 

21-3 

14-9 

66 

70*4 

49*3 

146 

119*6 

83*7 


168*7 

1 i8'2 

2()0 

217*9 

152-6 

‘i 7 

22‘ 1 

M *5 

67 

71*3 

49*9 

M 7 

120*4 

84-3 


169*6 

I i 8'7 

207 

218-7 

153*1 

211 

22 y 

i6-i 

66 

72 - I 

50*5 

146 

121*2 

84*9 

•206 

170*4 

119-3 

2(»K 

219-5 

155*7 

20 

23-8 

i6-6 

69 

729 

51-0 

UO 

122 * I 

85*5 

200 

171-2 

119-9 

2(>!> 

220-4 

> 54*3 

00 

24*6 

i7*a 

90 

73'7 

51-6 

150 

122*9 

86-0 

210 

1-2*0 

120-5 

270 

22 1-2 

154*9 

liT 

2^-4 

17-8, 

91 

74*5 

52-2 

Tof 

1 123*7 

~86-6 

211 


121 -0 

27 » 

2220 

i 155*4 

02 

26*2 

i 8'4 

92 

75*4 

52-8 

152 

124*5 

87-2 

212 

173*7 

12 1-6 

272 

222-8 

156-0 

00 

27-0 

i 8*9 

96 

76*2 

53*3 

1 56 

125*3 

87-8 

216 

174*5 

122*2 

279 

223-6 

156-6 

04 

Z 7*9 

* 9*5 

94 

77*0 

53'9 

154 

126* I 

88*3 

214 

175*3 

122-7 

274 

224-4 

157-2 

0.'» 

28-7 

20* I 

95 

77*8 

54' 5 

1 55 

127-0 

88»9 

215 

176*1 

123-3 

275 

225-3 

157*7 

0(1 

29-5 

20*6 

9(1 

78-6 

55'* 

156 

127-8 

89*5 

216 

1769 

123-9 

270 

226- I 

158*3 

07 

30-3 

21-2 

97 

79'5 

5 S -6 

157 

128-6 

90' I 

217 

177*8 

124-5 

277 

226-9 

158-9 

0f{ 

3IJ 

21-8 

96 

So*3 

56*2 

158 

129-4 

90-6 

216 

178-6 

125-0 

270 

227-7 

159*5 

00 

3*-9 

22-4 

99 

Si-i 

56-8 

150 

130-2 

91*2 

210 

179-4 

125-6 

279 

2285 

160-0 

4 l» 


229 

100 

8 i *9 

57’4 

160 

131-1 

91-8 

220 

lSO ’2 

126-2 

280 

229-4 

i6o-6 

4 l" 

33*6 

23-5 

i(ir 

82-7 

57'9 

161 

131 9 

92*3 

2-21' 

1810 

126-8 

28 r 

2302 

i6i-2 

42 

34'4 

24- 1 

102 

836 

58-5 

162 

132-7 

92*9 

222 

181-9 

127-3 

282 

231-0 

161-7 

10 

44 

35 -z 

24-7 

106 

84-4 

59*1 

166 

133*5 

93*5 

226 

182-7 

127-9 

289 

231-8 

162- 3 

360 

25-2 

104 

85*2 

59*7 

164 

134-3 

94-1 

224 

183-5 

128-5 

281 

232*6 

162-9 

4.) 

36-9 

25*8 

1 05 

86-0 

6o’2 

1 65 

135*2 

94*6 

225 

184 3 

129-I 

•285 

^ 33*5 

163-5 

40 

377 

26-4 

106 

86-8 . 

6o-8 

KUi 

136-0 

95*2 

226 

183-1 

129-6 

280 

234*3 

i6.|-o 

•17 

385 

27*0 

107 

87-6 

6 i *4 

167 

136-8 

95*8 

227 

185-9 

130-2 

287 

235*1 

164-6 

40 

39*3 

27*5 

106 

88*5 

6 i '9 

166 

137-6 

96-4 

226 

186-8 

130-8 

288 

235*9 

165*2 

4 !) 

40-1 

28* I 

109 

89-3 

62* 5 

160 

138*4 

96*9 

2*20 

187-6 

131-3 

289 

236-7 

165-8 

•'>0 

41*0 

28*7 

no 

90* I 

63-1 

170 

139*3 

97-5 

260 

188-4 

131*9 

290 

257*6 

i66*3 

ol 

41-8 

^9-3 

111 

90- 9 

63-7 

171 

140* I 

98* I 

261 

189-2 

132-5 

•291 

238-4 

166-9 


42*6 

29-8 

112 

917 

64*2 

172 

140*9 

98-7 

262 

190-0 

133-1 

2.92 

239-2 

167-5 


43-4 

30*4 

116 

92*6 1 64-8 

176 

141*7 

99*2 

266 

190*9 

133-6 

2!)9 

240-0 

i68*i 

** 1 j 

44*2 

3i'o 

114 

93*4 1 65-4 

174 

142-5 

99-S 

264 

191-7 

134-2 

294 

240-8 

i68-6 

j'l 

45*1 

315 

115 

94-2 

66*0 

175 

143*4 

100-4 

265 

192-5 

134-8 

29,3 

241-6 

169-2 

tJij 

.'i? 

45*9 

32-1 

116 

95-0 

66*5 

176 

144-2 

100-9 

26(1 

193*3 

135*4 


■atlHI 

169-8 


467 

3^*7 

117 

95*8 

67-1 

177 

145-0 

101-5 

267 

194*1 

135*9 

297 

243*3 

170*4 

”0 

59 

47*5 

33*3 

116 

96-7 

67*7 

17 « 

145*8 

102*1 

266 

195*0 

136-5 

298 

244*1 

170-9 

0() 

48*3 

33*8 

119 

97*5 

68*3 

170 

146-6 

102*7 

260 

195-8 

137*1 

299 

244*9 

171*5 


49 ' I 

34*4 

120 

98-3 

68'8 

180 

147*4 

103-2 

240 

196-6 

137*7 

Kggi 

245*7 

172-1 



D.Lat 

Dist. 

Dep. 

D.I.at 

Dist. 

Dep. 

{), Lat. 

Dist. 

Dep. 

D. Lut. 

Dist. 

Dep. 

[D. Lat. 


55 ^ 


tV' 40 "^ 
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TABLE 2 






TRAVERSE TABLE 

TO DEGREES 







1 36 ^ 




2 " 2 

4 m 

iDistJL 

1 

D 


). Lat. 1 

)oj>. 

iatJr 

1 . Lat.j 

Dep. 

ist. E 

. T/at. 

Dep. I 

)ist. r 

). Lat. 

Den. 

J 

0*8 

i’6 

2-4 

yz 

4*0 

4*9 

5*7 

6-5 

7*3 

8*1 

0*6 

1*2 

1*8 

2*4 

2*9 

3*5 

4*1 

4*7 

5*3 

5*9 

61 

02 

03 

0-1 

(i 5 

00 

07 

00 

09 

70 

49*4 

50*2 

51*0 

51*8 

52*6 

53*4 

54*2 

55*0 

55-8 

(56*6 

J 5*9 * 

56*4 

57*0 

37*6 
38*2 - 

38-8 

39*4 

40*0 

40*6 

41*1 

21 

22 

23 

24 

25 

26 

27 

20 

120 

130 

97*9 

98*7 

99*5 

100*3 

101*1 

101*9 

IOZ'*j 

103*6 

104*4 

105*2 

71*1 

71*7 

7 Z *3 

72*9 

73*5 

74*1 

74*6 

75*2 

75*8 

76*4 

61 

H2 

63 

64 

65 
166 
167 
166 

66 
1!>() 

[46*4 

[47*2 

148*1 

148*9 

149*7 

150*5 

151*3 

152*1 

152*9 

153*7 

06*4 

07*0 

07*6 

o8*2 

08*7 

09*3 
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264 

184*4 

144*1 

294 

231*7 

tXi'O 

5.5 

43*3 

33*9 

il5 

90'6 

70*8 

175 

* 37*9 

107*7 

265 

185*2 

* 44*7 

295 

23 ^i *5 

181*6 

50 

44-1 

34*5 

116 

91*4 

71*4 

170 

* 38-7 i 

io8*4 

266 

186*0 

* 45*3 

290 

^ 33*3 

182*2 

^>7 

44*9 

35 *J 

117 

922 

72'0 

177 

* 39*5 

109*0 

267 

i86*8 j 

* 45*9 

297 

234*0 

182*9 

58 

l 45*7 

35*7 

118 

93*0 

72-6 

I7« 

140*3 

109*6 

266 

* 87*5 

146*5 

296 

2 34*8 

183*5 

59 

. 46-5 

36 3 

no 

93*8 

73*3 

179 

141* 1 

1 10*2 

269 

188*3 

147*1 

*299 

235*6 

184*1 

(>0 

1 47*3 

36*9 

120 

94-6 

73*9 

180 

141*8 

1 10*8 

240 

189*1 

* 47*8 

600 

236*4 j 

1 84*7 

J 3 itit Dej). 

D.Lat 

Dist. 

Dep. 1 

D.Lat 

Dist. 

Dep. 

D. Lat. 

Dist. 

Dep. 1 

D. Lat 

Distj 

Dep. ! 

1 ) 


52 ° 



TABLF. 2 


TRAVERSE TABLE TO DEGREES 


2 ’’ 36 "’ 


)isf. 

D.L-.it 

Dpp . 

Dist. 

D. Lat. 

Dep. 

I)ist.|l>. La(. 

Dep. 

Disf. 

D. Lat. 

Dep. 

Dist. 

D. l.ar. 

Dei). 

1 

0*8 

0*6 

01 

47*4 

38-4 

121 

94*0 

76* I 

181 

140*7 

113*9 

241 

187*3 

151*7 

•J 

1*6 

1*3 

02 

48-2 

39*0 

122 

94*8 

76*8 

182 

141*4 

114*5 

242 

i88*i 

152*3 


2*3 

1-9 

(::i 

49*0 

39*6 

12:1 

956 

77-4 

18 n 

142*2 

115*2 

248 

i88-8 

152*9 

4 

3-1 

2*5 

04 

49*7 

40-3 

121 

96*4 

78-0 

184 

143*0 

115*8 

244 

189*6 

153-6 

5 

3’9 

3*1 

05 

50*5 

40-9 

125 

97*1 

78-7 

185 

i 43’8 

I i6*4 

24.3 

190-4 

154*2 

a 

4‘7 

3*8 

00 

51*3 

41*5 

120 

97 * 9 , 

79-3 

188 

144-5 

ii7*i 

j 4 (» 

191*2 

154*8 

7 

5‘4 

4’4 

07 

52-1 

42*2 

127 

98*7 

79*9 

187 

H 5'3 

117*7 

247 

192*0 

155-4 

{{ 

6*2 

5-0 

an 

52-8 

42*8 

120 

99*5 

80*6 

188 

146 • 1 

118*3 

248 

192*7 

156*1 

!l 

7*0 

5*7 

09 

53*6 

43’4 

129 

ICO' 3 

81*2 

188 

146*9 

118*9 

249 

193*5 

156*7 

10 

?•« 

6*3 

70 

54*4 

44*1 

ino 

101*0 

8j*8 

190 

147*7 

119*6 

230 

104*3 

157-3 

Ti 

8-5 

6-9 

71 

55*2 

44’ 7 

ini 

101*8 

82*4 

191 

148*4 

120*2 

231 

1951 

158*0 

12 

9*3 

7-6 

72 

56*0 

45*3 

1:12 

102*6 

83*1 

192 

149*2 

120*8 

252 

195*8 

158*6 

in 

10* I 

8-2 

73 

56*7 

45*9 

inn 

103*4 

83*7 

ion 

150*0 

121*5 

238 

196*6 

159-2 

14 

10*9 

8-8 

74 

57-5 

46-6 

1:14 

104* I 

84*3 

194 

1 50*8 

122 * I 

234 

197*4 

159*8 

lo 

11*7 

9*4 

75 

58*3 

47*2 

mo 

104*9 

85*0 

195 

151*5 

122*7 

235 

198*2 

160*5 

If) 

12*4 

lO* I 

70 

59-1 

47*8 

I no 

105*7 

85*6 

198 

152*3 

123*3 

238 

198*9 

i6i*t 

17 

13-2 

10*7 

77 

59*8 

48*5 

in? 

106* 5 

86*2 

197 

L 53 ’i 

124*0 

237 

199*7 

161*7 

18 

i4'o 

11*3 

7 « 

6o'6 

49*1 

ino 

107*2 

86*8 

198 

153*9 

124*6 

238 

200*5 

162*4 

19 

14*8 

12*0 

79 

61-4 

49*7 

ino 

108*0 

87*5 

199 

J 54 - 7 - 

125*2 

239 

201*3 

163*0 

20 

M -5 

12*6 

00 

62-2 

J211. 

140 

ioX*8 

88*1 

200 

J 55’4 

125*9 

280 

202- 1 

163-6 


16-3 

13*2 

01 

62‘9 

51-0 

141 

109*6 

88*7 

“iidr 

156*2 

126-5 


202*8 

164-3 

22 

17*1 

13-8 

«2 

63*7 

51-6 

142 

1 10*4 

89*4 

202 

157*0 

127*1 

202 

203*6 

164-9 

28 

17*9 

H *5 


64*5 

52*2 

iin 

111*1 

90*0 

2()n 

157*8 

127*8 

208 

204*4 

165*5 

24 

i 8-7 

15-1 

04 

65-3 

52*9 

144 

111*9 

90*6 

204 

158*5 

128*4 

204 

205*2 

166-1 

2.') 

19*4 

15*7 

85 

66* I 

53*5 

145 

1 12*7 

9^*3 

205 

n 9‘3 

129*0 

203 

205*9 

]66-8 

2(i 

20*2 

i6‘4 

80 

66*8 

54*1 

140 

113*5 

91*9 

208 

160*1 

129*6 

200 

2o6*7 

167*4 

27 

21’0 

17*0 

«7 

67*6 

54*8 

147 

114*2 

92*5 

207 

160*9 

130-3 

207 

207*5 

i68*o 

28 

21*8 

17*6 

88 

68*4 

55*4 

140 

1 15*0 

93*1 

2 (f8 

161*6 

130*9 

208 

208*3 

168*7 

29 

22*5 

18-3 

89 

69*2 

56*0 

149 

115*8 

93 ’8 

20,9 

162*4 

131*5 

209 

209*1 

169*3 

30 

23*3 

18-9 

90 

69*9 

56*6 

150 

116*6 

94'4 

210 

163*2 

132*2 

270 

209*8 

169*9 

31 

, 24 ‘i 

19*5 

91 I 

70*7 

57’3 

151 

117*3 

950 

"211“ 

164*0 

15’2*^ 

271 

210*6 

170-5 

32 

24*9 

20' I 

92 1 

71*5 

57’9 

152 

118* 1 

95’7 

212 

164*8 

133*4 

272 

21 1*4 

171*2 

33 

25*6 

20‘8 

on 

72-3 

58’5 

1 5 n 

I i8*9 

96 *3 

21 n 

165*5 

134*0 

278 

212*2 

171*8 

34 

26*4 

21 ’4 

94 

73*1 

59*2 

154 

119*7 

969 

214 

166*3 

134*7 

274 

212*9 

172*4 

35 

27*2 

22*0 

95 

73*8 

59*8 

1 55 

120*5 

97-5 

215 

167* 1 

135-3 

275 

213*7 

173*1 

38 

28*0 

22*7 

90 

74 ’ 6 

6o'4 

150 

121*2 

98*2 

218 

167*9 

135*9 

270 

214*5 

173*7 

37 

28-8 

^ 3*3 

07 

75*4 

61 ’O 

157 

122*0 

98-8 

217 ! 

1 68 *6 

136*6 

217 

215*3 

174-3 

38 

29-5 

23-9 

98 

76*2 

6i*7 

150 

122*8 

99'4 

218 

169-4 

137*2 

278 

216*0 

175*0 

39 

30-3 

24-5 

99 

76*9 

62*3 

1 59 

123*6 

ICO* I 

219 1 

170*2 

137*8 

270 

216*8 

175*6 

4 % 

31-1 

25*2 

100 

77’7 

62*9 

100 

J" 4'3 

100*7 

2*20 

171*0 


280 

27-6 


41 

31-9 

25-8 

101 

78*5 


101 

125*1 

ici*3 

22r 

171*7 

13 V -1 

281 

2 18*4 

176*8 

42 

32*6 

26-4 

102 

79’3 

64-2 

102 

125*9 

101 *9 

222 

172*5 

139*7 

282 

219*2 

177*5 

43 

33 * 4 ' 

27*1 

ion 

8o*o 

64*8 

ion 

126-7 

102*6 

22:1 

173*3 

140*3 

28 :{ 

219*9 

178*1 

44 

34*2 

27-7 

104 

8o*8 

65*4 

104 

127*5 

103-2 

224 

T 74 *i 

14 1 *0 

281 

2 20*7 

178-7 

45 

35*0 

28-3 

105 

8i*6 

66*1 

105 

128*2 

103 8 

225 

174*9 

141*6 

283 

221*5 

179*4 

40 

35-7 

28-9 

100 

82*4 

66*7 

100 

129*0 

104-5 

228 

175-6 

142*2 

280 

222*3 

i8o*o 

47 

36*5 

29-6 

107 

83*2 

67*3 

107 

129-8 

105* I 

227 

176*4 

142*9 

287 

223*0 

i8o*6 

48 

37*3 

30*2 

108 

83*9 

68*0 

100 

130*6 

105*7 

228 

177*2 

143*5 

288 

223*8 

i8i*2 

49 

38-1 

30*8 

109 

84*7 

68*6 

109 

131-3 

ic6*4 

229 

178*0 

144*1 

289 

224*6 

181-9 

A. 

38-9 

31*5 

no 

85*5 

69*2 

170 

132* I 

107*0 

2no 

J 7 l 7 . 

144*7 

290 

_ 2 ^ 5-4 

182-5 


39*0 

32-1 

Ilf 

86*3 

69*9 

T 7 i 

i 5 a ’9 

107*6 

2 ni 

1 179*5 

145*4 

•291 

226*1 

183*1 

! 52 

40-4 

32-7 

112 

87*0 

70*5 

172 

133-7 

108*2 

282 

i8o*3 

146-0 

292 

226*9 

183*8 

53 

54 

41*2 

33*4 

iin 

87*8 

71*1 

17:3 

134-4 

ioS*9 

2nn 

181*1 

146*6 

298 

227*7 

184*41 

42-0 

34*0 

1141 

88*6 

71*7 

174 

i 35'2 1 

109*5 

2:14 

181-9 

147-1 

2!)4 

228*5 

185*0 

55 

50 

42-7 

34*6 

115 

89*4 

72*4 

175 

. 136*0 

1 10* I 

285 

182*6 

147*9 

293 

2 » 9‘3 

185*6 

43 -S 

35 *a 

no 

90* I 

73-0 

170 

136-8 

110*8 

288 

183*4 

148*5 

290 

2300 

186*3 

57 

58 

59 
00 

44*3 

35*9 

117 

90*9 

73*6 

177 

137*6 

1 11*4 

287 

184-2 

149*1 

297 

230*8 

186*9 

4 ';*i 

36-5 

118 

91*7 

74*3 

170 

138*3 

1 12-0 

288 

185-0 

149*8 

298 

231*6 

187*5 

45-9 

37*1 

119 

92*5 

74*9 

179 

139-1 

112*6 

289 

185-7 

150*4 

299 

232-4 

188*2 

46’6 

37*8 

120 

93*3 

75’5 

100 

139-9 

113*3 

240 i 

186-5 

151-0 

300 

233-1 

188-8 

1 ' 

D.Lat 

DisU 

Dfi|). 

D.Lal 

Dist. 

i 

iJ). Lai. 

Distj 

1 

1 Dop- 

D. Lat. 

Dist. 

Dep. 

D. Lat. 
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TABLE 2 


TRAVERSE TAHEE TO DEGREES. 


gh 4 Qm 


D.Lat 

Doj>. 

Dist. D. Ivat. 1 

0-8 

0*6 

61 46*7 

1*5 

1*3 

62 47*5 

2*3 

1*9 

O.-i 48-3 

3*1 

2*6 

64 49*0 

3 -« 

3 ’^ 

6r> 49*8 

4*6 

3*9 

66 50- 6 

5“4 

4*5 

67 5«*3 

6- 1 

5*1 

(>it 52-1 

6*9 

5 -S 

61 ) 52-9 

7*7 

6-4 

70 55-6 

8*4 

7-1 

71 54*4 

9-2 

7*7 

7*2 5 5*2 

10*0 

8*4 

7 .') 5 5*9 

10*7 

9-0 

74 56-7 

n *5 

9*6 

7 o 57*5 

I2'3 

10-3 

76 58-2 

13-0 

10-9 

77 59*0 

13*8 

1 1-6 

76 59 *‘^ 

14-6 

12-2 

71) 60-5 

i 5‘3 

12*9 

iiO 61-3 

16*1 

^ 3-5 

61 62-0 

16-9 

14*1 

62 62-8 

17*6 

14*8 

66 63-6 

i8'4 

^ 5*4 

64 64- 3 

19*2 

16- 1 

65 65-1 

19-9 

i6*7 

66 65-9 

^0'Q 

17*4 

67 66-6 

21*4 

18*0 

66 67-4 

22*2 

18*6 

61 ) 68-2 

23-0 

19-3 

1)0 68-9 

23.7 

19-9 

1)1 69-7 

24*5 

20*6 

1)2 70*5 

25'3 

21-2 

1)6 71*2 

26*0 

21*9 

1)4 72*0 

26-8 

22*5 

95 72*8 

27-6 

23-1 

96 73-5 

28-3 

23-8 

1)7 74*3 

29* I 

24*4 

96 75-1 

29*9 

25-1 

99 75*8 

30-6 1 

25-7 

100 76-6 

3 . -4 

26-4 

101 77*4 

32*2 

27-0 

102 78-1 

32-9 

27*6 

106 78-9 

33*7 

28*3 

104 79*7 

34*5 

28' 9 

1 05 80-4 

35*2 

29-6 

106 8i-2 

36*0 

30*2 

107 82-0 

36-8 

30*9 

106 82*7 

1 37*5 

31*5 

109 83*5 

3^‘3 

32 *J 

110 84-3 

39 *« 

32-8 

111 85-0 

39*8 

33*4 

112 85-8 

40*6 

34 ’ 1 

116 86-6 

41*4 

34*7 

111 87*3 

42*1 

35*4 

1 15 88*1 

42*9 

36*0 

IKF 88*9 

43*7 

36*6 

117 89-6 

44*4 

37*3 

116 90-4 

45*2 

37*9 

119 91*2 

46*0 

38-6 

120 91-9 

, D^p. 

D.L-.u 

Gist., Dep. 








21)1 

21)2 ’Z'2.y7 

21):i 224- 5 
21)4 225*2 
21)r» 226-0 

21 ))> 226*7 

21)7 25 ^ 7*5 

21)« 228-3 
21)1) 229*0 

:)00 229*8 
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TRAVERSE TABLE TO DEGREES 


41® S** 44"* 

Diat.iD.Lut Dep. D.Lat.j Dep. jDist.jD. L;it.| Dep- jDist.jD. J)ep. jjJist. D. Lat. Dep. 


H2 24* z I 
24-9 I 
•M 257 ' 
35 26'4 
3fi 27*2 I 


I 29.4 

40 I 30*2 

41 309 

42 317 

43 32-5 

44 3 3 -a 

45 34-0 I 
4 f; 3471 

35*5 ' 
43 36-2 I 
4 !) 57-0 

'^ JjL 

ni 38-5 

39 -z 
t).l 40-0 

54 40*8 

55 41.5 

^'3 42-5 

57 43-0 
W 4 v 8 

'•3 AA c 


61 46*0 

62 46-8 

63 47-5 

64 48*3 

65 49* I 

66 49 " 8 


7H 5«'9 
7!i 59-6 

60 60 4 

"6r~6i*i~ 
«2 61-9 

63 62-6 

64 63-4 


66 66-4 
60 672 

00 67-9 

~j)I 687 
02 69*4 

93 70*2 

04 70*9 


102 77 'O 

103 77-7 


106 81*5 
100 8z-3 

110 830 

111 83-8 

112 84-5 

113 853 

114 86-0 

115 86*8 

116 87-5 

117 88-3 

116 89-1 

no 89-8 
120 90*6 


33 100-4 

3 4 ioi*i 

35 101-9 

36 102-6 

37 103-4 
36 I 104-1 
30 I 1 0:1 ‘9 
40 1 io 5 - 7 _ 

4 I j 106-4 

12 I 107-2 

,43 i io 7‘9 
U icS-7 I 

15 109-4 

46 110-2 
17 110*9 

46 111-7 
40 1135 

150 113-2 

151 114*0 

152 114*7 

153 iiS *5 

154 1162 

55 117*0 
156 117*7 
57 ii 8*5 

56 119*2 

150 120-0 
160 120*8 

61 121-5 

(;2 122-3 

(JO 123-0 

64 123*8 

65 124-5 

66 125-3 

67 126-0 
66 1 26 -8 
60 127-5 

70 { 128*3 

71 1291 

72 129-S 

73 130-6 

74 i 3 i '3 

75 132-1 
76, 132-8 

77 I 33'6 

76 I 134-3 

170 135-1 

160 1 135-8 


Utl 

136-6 

118-7 

1«2 

137*4 

119-4 

163 

138-1 

120* I 

164 

138-9 

120*7 

165 

139-6 

121*4 

166 

140-4 

122*0 

167 

141-1 

122*7 

166 

141-9 

123-3 

160 

142-6 

124-0 

loo 

»43'4 

124-7 

lol 

144-1 

125-3 

102 

144-9 

126-0 

1J»3 

I4S-7 

126-6 

E»4 

146-4 

127-3 

105 

147-2 

127-9 

106 

147-9 

128-6 

m 

148-7 

129-2 

1 06* 

149-4 

129-9 

100 

1 50*2 

• 1306 

•200 

i‘>o’9 

131-2 

20 r 

151-7 

1 131-9 

202 

152*5 

132-5 

•203 

*53*2 

133-2 

201 

154-0 

133-8 

•205 

*54*7 

*34*5 

‘206 

*55*5 

135-1 

207 

1 56-2 

*35*8 

206 

157-0 

136-5 

200 

157-7 

137-1 

210 

158-5 

137*8 

2|T 

159-2 

138-4 


•213 

160-8 

*39*7 

214 

161-5 

140-4 

215 

162-3 

141-1 

216 

163-0 

141-7 

217 

163-8 

142-4 

216 

164-5 

*43*0 

210 

165-3 

143-7 

‘220 

i66-o 

*44*3 


T 6 rrT 

145-0 

222 

167-5 

145-6 

223 

*68-3 

146-3 

224 

169- 1 

147-0 

225 

169-8 

147-6 

226 

170*6 

148-3 

227 

171-3 

148-9 

226 

172- 1 

149-6 

220 

172-8 

150-2 

230 

173-6 

150-9 


174*3 

I *5‘*5 

232 

175-1 

152-2 

233 

175-8 

152-9 

234 

176-6 

*53*5 

‘235 

J77*4 

154-2 

236 

178-1 

154-8 

237 

178-9 

*55*5 

236 

179-6 

156*1 

23J) 

180-4 

156-8 

‘240 

181-1 

i *57*5 


244 184-1 

245 184-9 

246 185-7 

247 I 186-4 

246 187-2 
240 187-9 

250 188-7 

251 189-4 

252 190-2 

253 190-9 

254 191*7 

255 192-5 

256 193*2 

257 1940 

256 194*7 
250 195-5 


‘262 197*7 
‘263 198*5 
264 199*2 
‘265 200-0 
266 200-8 
267 201-5 
266 202-3 
260 203*0 
270 203-8 

wr 204-5 

272 205*3 

273 206-0 

274 206-8 
2^5 207-5 
276 208-3 
‘277 ^09- 1 
276 209-8 
270 210*6 
260 211-3 
2jii 212-1 
262 2 12-8 

263 213-6 

264 214-3 

265 215-1 

266 215-8 
•267 216-6 
266 217-4 
26j) 2 1 8- 1 

200 218- 9 

201 219-6 

202 220-4 

203 22 1- 1 

204 221-9 

205 222-6 

206 223-4 

207 224- 1 

206 224-9 
200 225-7 
300 226-4 


[). |l).l,af|l)ist.| l)<‘p. |l).I,-.ii}l)Tsr.: h<‘] 
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TABLE 2 


LUAVKIISK TABLE TO DEGREES 


IJist.l Don. I). J^atJ Doj>. iDist.lD. I.at.| Dop. iDist. I.', Lat. Dop. [Disr. D. Lat. Den. 


1)2 46-1 

46-8 

(J 4 47*6 

H 5 48 * 3 
HI) 49*0 
67 49 * « 


11-9 jo ‘7 
12*6 1 1*4 

13-4 12-0 

' 14 - I I 2‘7 

I H ’9 ^ 3*4 
15 't) 14*1 


liJi 884 
120 89-2 


40-8 121 

41*5 

42-2 12;) 

42-8 124 

43*5 l--'> 

44 ' 2 120 

44* 1-27 

45*5 12« 
46*2 120 

46 -8 1:10 


48-8 i:j:} 
49*5 h-i* 


6.‘1 61-7 

04 62-4 


55*5 

56*2 144 
56-9 14 .-) 


S 60*9 I ini 
152 


64*9 157 

6f-6 |5}{ 

66-2 InO 

66 - 9 iOO 

67 - 6 101 

68 - 3 102 

68 '9 10:1 

69 - 6 104 



74 - 9 172 

75 - 6 17:1 

76 - 3 174 

77- 0 175 
77*6 I7« 

7^-3 nr 
79'^ i7« 
79*6 I7»| 
8o*3 180 1 


0 181 1 34' 5 

6 182 i 35‘3 

3 188 136-0 

D 184 136*7 

6 185 137- ‘ 

3 180 138*7 

3 187 I39’<‘ 

S 188 139-7 
j 180 140*5 
j 100 141-2 

7 101 141-9 

j 102 142*7 
3 108 143*4 
7 104 144-2 

} 105 144-9 

3 loo i 45'7 
7 107 146*4 
} 108 147-1 

3 1.00 X 47'9 

L 148*6 

1 201 149-4 
3 202 150*1 
^ 208 150-9 

204 151-6 

> 205 152-3 
' 208 153*1 
^ 207 i 53 *« 

) 208 154-6 
' 200 155-3 

I 210 156*1 

r 2iri76*8' ' 

212 157*5 
218 158-3 

214 1590 

215 159*8 

218 160*5 

217 161*3 

218 162*0 

21‘> 162-7 

220 163-5 

221 "164-2 

222 165-0 

228 165-7 

224 166-5 

225 167-2 
228 1 68-0 

227 168-7 

228 169-4 

*220 170-2 
280 170-9 

‘281 171-7 

282 172-4 
*288 173-2 

284 173-9 

285 174-6 
288 175-4 

( 287 176-1 

28 «| 176-9 ] 

289 ‘i 77-6 ] 
240 178-4 1 



Di8f.| i>.*p. ID. LatIDi.sr.l Dep. ID. Lat.|l3i.sti 
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TO DEGREES 


DistJD.Latj Dep. 


] 1 0'7 0*7 


DistJD. Lat. Dep. 


m 


65 47*5 

66 4? *3 

67 49 o 

68 49*7 


80 58- 5 

81 59 Z 

82 6o’o 

83 6 o*7 

84 6 1 *4 

85 62*2 

86 62*9 

87 63-6 

88 64-4 

80 65- 1 

90 65-8 

91 66-6 

92 67-3 

93 68-0 

94 68*7 

95 6 o *5 


97 

70*9 

66-2 

98 

71*7 

66-8 

99 

72*4 

67*5 

100 

73*1 

68-2 


101 73*9 

102 74*6 


116 848 

117 85*6 


900 

83*9 

90*7 

91*4 

84*6 

852 

92*2 

85*9 


86*6 

93*6 

87*3 


134 980 


37 100*2 

38 100*9 

30 101*7 

40 102*4 

41 103- 1 

42 iQ 3‘9 

43 104*6 

44 105*3 

45 ic6*o 

46 *106*8 

47 107-5 

48 io8*2 

.49 109*0 

5^ 109*7 

51 110*4 

52 XI 1*2 

53 111*9 


56 1 14* 1 

57 114-8 

58 115*6 

59 II 6* 3 


6*2 1 1 8* 5 


67 122*1 
68 122*9 
60 123*6 

70 ia4-3 


Dep. D.Lat 


221 
222 

223 

224 
112-5 225 

2*26 

227 

228 

229 

230 


^6*4 
37-1 261 

:37*8 262 
38*4 263 
[39*1 264 
39-8 265 
140*5 266 
141*2 267 
[41*9 268 
t42*5 269 


y * 
144*6 272 

145-3 273 

145*9 274 
146*6 275 
147*3 276 
148*0 277 
148*7 278 
* 49-4 279 

1 50*0 280 
150*7 281 
1 5 1 *4 282 
1 52* I 283 
152*8 284 
153*4 285 

1 54* I 286 
154*8 287 

155*5 288 

156*2 289 
156*9 290 

157-5 

158*2 292 
158*9 293 
159-6 294 
i6o*3 295 
i6i*o 296 

i6i*6 297 

162*3 298 
163*0 299 
163*7 300 



























TABLE 2 


TRAVERSE TABLE TO DKORKE8 


DistjD.Latl Dep. [Distjo. Lat.| Dep. | 


Dist.lD. Lnt. 



63 45 ‘3 
fi 4 46*0 


«« 48*9 

«Ji 49 -6 


6 1 • I 


45*2 125 

45 -8 126 


50- 7 I 133 

51- 4 I 134 


54*9 laa 


57*0 142 
57*7 143 

58*4 144 
I 59*0 145 


Jl«p. |l)istJD. T/dt.j Dep. jDist.jD. I.at. Dep, 



60- 4 147 

I 6i*i 148 

6 1- 8 149 

62- :r 150 


6 i*i 
6 i-8 

6z * 5 
63*2 151 
63*9 152 
646 153 
65*3 154 
660 155 
66*7 166 

67- 4 157 
681 158 

68- 8 150 


182 130*9 

183 131*6 


186 133*8 
187 134-5 


108 142*4 
100 143 *1 

200 143*9 

201 144*6 

1 202 145*3 

1 203 146*0 

1204 146*7 


212 152*5 

213 153*2 


216 155*4 

217 156*1 

218 156*8 



41 29-5 

42 . 30*2 

43 30*9 

44 31*7 

45 32*4 

46 33*1 

47 33*^ 

48 34 5 

49 35*2 

50 36*0 


J 3 

106 76*3 

107 77*0 

108 77*7 

109 78*4 

110 79*1 

111 798 

112 80*6 

113 81*3 

114 820 

115 82*7 

116 8v4 

117 84*2 

118 849 


70*9 162 

71*5 163 
72*2 164 
72*9 165 
73*6 166 
74*3 l «7 
75*0 168 
75*7 188 

76*4 170 

" 77-1 171 
77*8 172 


79-9 175 

8 o *6 1 176 


82*7 179 
83*4 180 



281 202*1 
282 202*9 

283 203*6 

284 204*3 

285 205*0 

286 205*7 

287 206*5 

288 207*2 
289 207*9 
200 208*6 
2^ 209*3 
292 210*0 

203 210*8 

204 211*5 

205 212*2 

296 212*9 

297 2^*6 

298 214*4 

299 215*1 

300 215*8 






I’ABLE 2 


433 


Dist. D.Lat| Dep. |Dist.iD. Lat.| Dep 





276 \ 

i 95 *a 


27 « 

196*6 

27 !* 

197*3 

280 

198*0 

281 

198*7 

282 

199*4 

283 

200*1 
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TABLE 3 







































TABLE 4 


485 


DIFFERENCE OF LONGITUDE AND CORRESPONDING DEPARTURE 


Diffbbencb of Longitude 


oH 1*00 1 a’oo 3 'oo 4 ’oo 5*00 6 *oo 1 7*00 8*00 9*00 lo-oo 


I'oo a*oo a *99 3*99 4*99 5*99 6*98 7*98 

0*99 1*99 z *98 3*98 4*97 5-97 6*96 7-96 8-95 

0*99 1-98 z -97 3*96 4*95 5*94 6-93 7*92 8-91 

0*98 1*97 z *95 3*94 4*92 5*91 6*89 7*88 8*86 

0*98 1*96 z *93 3*91 4*89 5*87 6*85 7*83 8 - 8 o 

0*97 1*94 z* 9 i 3*88 4*85 5 * 8 z ^*79 7*76 


1*94 z* 9 i 3-88 4-85 5 - 8 z |#*79 7*76 8*73 

1*93 Z -90 3*86 4*83 5*80 6*76 7*73 8*69 


1-9Z z*88 

1-91 z *87 

1*90 z *85 
1-89 z -84 
I 1*88 z*8z 


1*87 z‘ 8 o 
1*85 z ‘78 
1*84 a *76 
1*83 z *74 

i* 8 i z’ 7 z 

i- 8 o z *70 
1*78 z ‘67 
1*77 z‘65 

1*75 z ‘62 

1*73 a- 6 o 


1-71 Z-S7 
1-70 z-54 
1*68 z* 5 z 
1*66 2*49 
1*64 z'46 

i*6z z'43 
I *60 2*40 
1*58 2*36 

1-55 2*33 

»*53 ^’30 


1*46 2*19 

1*44 z*i 6 
1*41 2 * 12 

1*39 2 ’o 8 
1*36 2*04 
1*34 2*01 
I 1-31 1*97 


I 1*20 i- 8 i 

I i*i 8 1*76 


3*85 4 * 8 i 

3*83 4*78 

3 ‘ 8 o 4*76 
3*78 4*73 
3*7® 4*70 


3*73 4*®7 
371 464 
3*68 4 * 6 o 
3*65 4*57 
3-63 4*53 
3 *60 4-49 
3*56 4-46 
3*53 4*41 
3*50 4*37 
3*46 4*33 


3*43 4*^9 
3*39 4*M 
3*35 4*19 
3-32 4-15 
3*28 4*10 

3-24 4*05 

3-19 399 

3**5 3*94 
3*11 389 

3 ’o 6 3-83 

~ 3 ’ 02 "'l^ 
2-97 3-72 
2-93 3*66 


2'88 3-60 

2-83 3*54 


5*77 6*73 
5*74 6*69 
5*71 6*66 

5*67 6-62 
5*64 6*58 


5 *60 6*54 
5*50 6*49 
5-52 6*44 
5*48 6*39 
5*44 6*34 
5*39 6*29 
5*35 6-24 
5*30 6 *i 8 
5*25 6*12 
5-20 6 'o 6 


5*14 6*00 
509 5*94 

5*03 5*87 

4*97 5*80 
4*91 5*73 

y 85 5*66 
4*79 5*59 
4*73 5*52 

4*66 5*44 

4’6o 5*36 

" 4*53 " 5*^8 
4*46 5*20 

4*39 5*1^ 

' 4 - 3 i 5*04 

• 4*^4 4*95 

3*47 4*17 4-86 

3-41 4-09 4*77 

3*35 4*0* 4*68 
3-28 3*94 4*59 
3*21 3*86 4-50 


7*69 8-65 
7*65 8 ‘ 6 i 

^ • A V O • ^ A 


7-05 5“OI 

7 * 6 i 8*56 

7*56 1 8*51 
7-52 i 8*46 


7*47 8*40 

7*42 8*34 
7*36 8*28 
7*31 8*22 


3**5 3*78 4*4* 
3-08 3*69 4*31 

3*01 3 * 6 i 4*21 

2*94 3*53 4*** 
2*87 3-44 4*02 

2*8o 3*35 

2*72 3*27 

2*65 3 *i 8 

2*58 3*09 


Dtol° 

15 ' 

30 ' 

45 ' 

0-01 

0*00 

0*00 

0*01 

0*02 

0*00 

0*01 

0*02 

0*03 

0*01 

0*02 

0*02 

004 

0*01 

0*02 

0*03 

0*05 

0*01 

0*03 

0*04 

0 06 

0*02 

0*03 

0*05 

007 

0*02 

0*04 

0*05 

0*08 

0*02 

0*04 

o*o6 

0*09 

0*02 

0*05 

0*07 

010 

0*03 

0*05 

o*o8 

0-11 

0*03 

6*o6 

o*o8 

012 

0*03 

o*o6 

0*09 

0-13 

0*03 

0*07 

0*10 


6*25 6*95 

6 ' 14 6*82 

^ 



4-36 4*85 

4-23 4-69 


3*66 4*07 

3-52 3-91 

[3*37 3*75 

I 3*^3 I 3*58 
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TABLE 6 


SPHERICAL TRAVERSE TABLE 


0 ° 

M I N 



M 

N 

IOI*I 

i*i 

101-3 

1*3 

101*5 

1*5 

101*8 

1*7 

102* I 

1*8 

I02’4 

2*0 

102*8 

2*2 

103*2 

2*4 

103*6 

2-6 

104* I 

2*8 

104*6 

3*0 

105*1 

3*2 

105*7 

3*4 

io6*3 

3-6 

107*0 

3-8 

107*7 

4*0 

108*4 

4*2 

109*2 

4*5 

no* I 

47 


***/ « 
i 29'4 

8*5 

131*3 

8*8 

133*2 

9 *J 

135*3 

9*5 

137*5 

9*8 

139*8 

10* 1 

142*2 

10*5 

H 4*7 

10*9 

147*4 

ji *3 

150*3 

11*7 

153*3 

12*1 

156*4 

1 * 2*5 

159*8 

13*0 

163*3 

1 . 3*4 

167*1 

13*9 

171*1 

14*5 

175*3 

, 5*0 

179*8 

15*6 

184*6 

16*2 

189*7 

16*8 

195*2 

17*5 

201*1 

i8*2 
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SPHERICAL TRAVERSE TABLE 



206*3 

1 

3*1 

213*0 

3*3 

220*3 

3*4 

228*2 

3*6 

236*7 

3*7 

245*9 

3*9 

256*0 

WWM 

267*0 

4*3 

279*1 

4’S 

292*4 

4-8 

307*2 

5*1 

323*7 

5'4 

342*1 

5*7 

362*9 

6*1 

386*4 

6*5 

404*0 

7*0 

444*6 

7*6 

481*0 

8*2 

524*2 

9*0 

576*0 

9*9 



ro 

M 

1 N 



207*4 

19*0 

214*2 

19*8 

221*5 

20*6 

229*4 

21*5 

237*9 

22*5 

247*2 

23*6 

257*3 

24*8 

268*4 

26*0 

280*6 

27*4 

^94*0 

28*9 



M I N 



103*8 

1 3*8 

104*1 

4*1 

104*5 

4*5 

[05*0 

4*8 

f05'5 

5*2 

106*0 

5*^ 

106*5 

5*9 

ro7*i 

6*3 

ro7*7 

6*7 

[o 8*4 

7*1 

109* I 

7'5 

[09*9 

7*8 

1 10*7 

8*3 

111*5 

8*7 

112*4 

9*1 

”3*4 

9*5 

114*3 

9*9 

”5*4 

10*3 

116*5 

10*8 

117*6 

11*2 

118*8 

11*7 


122*9 13*1 
124*4 *3’^ 
125*9 * 4 *^ 

127*6 I j4*6 


134*5 15*3 135*0 
136*6 15*9 137*1 

138*8 i6*4 139*3 I 
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TABLE 5 


SPHERICAL TRAVERSE TABLE 




8° 

9“ 

10° 

11® 1 

12° 

0 

M 

N 

M 

N 

M 

N 

.M 

N 

M 

N 

M 1 

N 

44 

140*1 

11*9 

140-4 

13*6 

140*7 

15*4 

141-2 

17-0 

141*6 

i8-8 

142-1 

20*5 

45 

142- 5 

12*3 

142*8 

14*0 

*43*2 

15-8 

143*6 

17-6 

144*1 

19-4 

144-6 

21-3 

4 ii 

145*0 

12-7 

145*4 

H*5 

H5-7 

16*4 

146-2 

18-3 

146*6 

20-1 

147*2 

22*0 

47 

147*7 

13-2 

148*1 

15-1 

148-5 

17-0 

148-9 

i8*9 

149-4 

20-8 

149*9 

22-8 

48 

150-6 

13*6 

150-9 

15-6 

151*3 

17*6 

151-7 

19-6 

152*2 

21*6 

152-8 

23*6 

49 

153-6 

14-1 

153-9 

16-2 

154-3 

i8*2 

154*8 

20-3 

155*3 

22*4 

15 5*9 

24*4 

Hi!I 

156-7 

14*6 

157-1 

16*7 

157*5 

18*9 

I58*€/ 

21*0 

158-5 

23-2 

159-0 

25*3 

51 

160*1 

15-2 

160* 5_j 

17-4 

160*9 

19*6 

i6i*4 

21-8 

161*9 

24-0 

162-5 

26-2 

52 

163*6 

15-7 

164-0 

18-0 

164-4 

20*3 

165*0 

22*6 

165-5 

24-9 

i66-i 

27*2 

53 

167*4 

i6-3 

167-8 

i8-6 

168*2 

21*0 

168-7 

^3*4 

169-3 

25*8 

169-9 

28-2 

54 

171-4 

i6*9 

171*8 

19-3 

172*2 

21*8 

172*8 

^*3 

173-3 

26*8 

173*9 

29*3 

55 

175*7 

17-5 

176-1 

20*1 

176*5 

22*6 

177*0 

25*2 

177*6 

27*8 

178-2 

30*4 

50 

180*2 

i8-2 

180*6 

20*8 

i8i*i 

23-5 

181*6 

26-1 

182-2 

28-8 

i82-X 

31*5 

o 7 

185-0 

18-9 

185-4 

21*6 

185-9 

24*4 

186*4 

27*1 

187*0 

29*9 

187*7 

32*7 

58 

190-1 

19*6 

190-6 

22*5 

1911 

25*3 

191*6 

28*2 

189*2 

31*1 

1Q2»Q 

34*0 

59 

195-6 

20-4 

196-1 

23*4 

196*6 

26-4 

197-2 

29‘3 

197*8 

3^*3 

198-5 

35*4 

80 

201*5 

21-3 

202-0 

24*3 

202* 5 

27*4 

203*1 

30-5 

203*7 

33*7 

204*5 

36*8 

(il 

207-8 

22-1 

208*3 

25*3 

2o8*8 

28*6 

209*9 

31-8 

210*1 

35-1 

210*9 

38-3 

82 

214-6 

23-1 

2I5-I 

26*4 

215*7 

29-8 

2i6*3 

33*2 

217-0 

36*6 

217*8 

40*0 

83 

221*9 

24-1 

222-4 

27*6 

223*0 

31-1 

223*7 

34-6 

224*4 

38-1 

225*2 

41*7 

84 

229*8 

25-2 

230-4 

28*8 

231*0 

32*5 

231*6 

36*1 

232*4 

39-8 

233*2 

43*6 

85 

138-4 

26-3 

238-9 

30-1 

239*6 

34*0 

240*3 

37-8 

241*0 

41-7 

241*9 

45*6 

68 

247-7 

27-6 

248-4 

31*6 

248*9 

35*6 

249*7 

39*6 

250*5 

43*7 

251*4 

47*7 

07 

257*9 

28*9 

258*4 

33*1 

259-1 

37*3 

259*9 

41-5 

260*7 

45-8 

261*6 

50-1 

68 

269*0 

30*4 

269*6 

34*8 

270*3 

39*2 

271*1 

43*6 

271*9 

48*1 

272*9 

52*6 

00 

281*1 

32*0 

281-8 

36*6 

282-5 

41*3 

283*4 

45*9 

284*3 

50*6 

285*3 

55*4 

70 

294-6 

33*7 

205-3 

38*6 

296*0 

43*5 

296-9 

48*4 

297-9 

53*4 

298*9 

58-4 

71 

309*5 

35*7 

3 10*2 

40*8 

311*0 

46*0 

311-9 

51-Z 

312-9 

56*4 

314*0 

61-7 

72 

3260 

37*8 

326-8 

43*2 

327*6 

48-7 

328-6 

54*3 

329-6 

59-8 

330-8 

65-4 

73 

344*6 

40*2 

345*4 

46*0 

346-3 

51*8 

347*3 

57*7 

348*4 

63*6 

349*7 

69-5 

74 

365*5 

42*8 

366-4 

49-0 

367-3 

55-2 

368-4 

6i*7 

369*6 

67-8 

370*9 

74*1 

75 

35^9*0 

45-8 

390-2 

52*5 

391*2 

59-1 

39^*3 

65-8 

393*6 

72-5 

395’i 

79*3 

76 

416-5 

49-2 

417*4 

56*4 

418-5 

63-5 

419-7 

70*7 

421*1 

78*0 

422*6 

85*2 

77 

447*9 

53-2 

448-9 

6o*9 

450*1 

68-6 

541*4 

76-4 

452*9 

84-2 

454*5 

92-1 

78 

484*6 

57*8 

485*7 

66*1 

487-0 

74*5 

488-4 

83*0 

490-0 

91-4 

491-7 

100*0 

70 

528-0 

63-1 

529*2 

72*3 

530-6 

81-5 

532-2 

90*7 

533*9 

100*0 

535-8 

109*3 

80 

580-2 

[ 69*6 

[ 581*5 

79*7 

583-1 

89-8 

584-8 

100*0 

586-7 

110*2 

588-7 

I20'9 

■ 


16° 

16° 

17° 

1 18° 

1 

9 


N 

M 

N 

1\T 

N 

IVl 

N 

JNI 

N 

M 

N 

14 

MS 

6-2 











16 

IB 

6*7 

107*2 

7-2 









16 

mm 

7*1 

107-7 

7*7 

io8-2 

8-2 







17 

107*8 

7*6 

108*3 

8-2 

108-8 

8-8 

109-3 

9*3 





18 

108*4 

8*1 

108-9 

8*7 

109-3 

9*3 

109-9 

9'9 

110*6 

10*6 



19 

109-0 

8-6 

109-5 

9-2 

1 IC-O 

9*9 

1 10*6 

10*5 

111*2 

11-2 

111*9 

11*9 

20 

109-7 

9*1 

II0-2 

9-8 

110*7 

10*4 

111-3 

11*1 

iii*9 

II-8 

112*5 

12-5 

21 

iiw»*4 

9*6 

110*9 

10-3 

111-4 

10*0 

112-0 

11-7 

I I2’6 

12-5 

”3*3 

13*2 

22 

111-2 

lo-i 

111*7 

10*8 

112*2 

II-6 

112*8 

12*3 

”3*4 

13*1 

114*1 

13*9 

23 

112-0 

10-6 

112*5 

11-4 

113-0 

12*2 

113-6 

13*0 

114*2 

13*8 

”4*9 

14-6 

24 

112*8 

11*1 

113*3 

11*9 

113-9 

12*8 

”4*5 

13-6 

115-1 

H*5 

115*8 

15*3 

25 

113-7 

11*6 

114*2 

12-5 

114-8 

13*4 

115-4 

14*3 

116*0 

15*1 

116*7 

16*1 

26 

114*6 

12*2 

115-2 

13 I 

115-7 

14-0 

116*3 

14-9 

117-0 

15*8 

i,T7*7 

17*0 

27 

115-7 

12-7 

1i6-2 

13-6 

116-8 

14*6 

117-4 

15-6 

ii8*o 

i6-6 

118*8 

17*5 

28 

116*7 

13-3 

117-3, 

14*2 

117*8 

15-2 

118*4 

16*3 

119-1 

17*3 

119*8 

18*3 

29 

117-8 

13*8 

118*4 

14-8 

118*9 

15-9 

119*6 

16*9 

120-2 

18*0 

120*9 

19-1 

SO 

119*0 

14-4 

119*5 

15*5 

120*1 

16*6 

120*7 

17-6 

121*4 

i8*8 

122*1 

19-9 

31 

120*2 

15*0 


■wai 


tm 

122*0 

i8*4 

122*7 

19*5 

123-4 

20-7 

32 

121*5 

15-6 


QQ 


QQ 

123*3 

19- 1 

124-0 

20*3 

124*7 

21*5 


13 ° 


M 


N 


i42«7 

I45-I 

147*7 

150-8 

153*4 

156-4 

M9*7 


22*3 

23 

23*( 

24*5 

25-( 

26 ‘( 

27*; 


163*1 

166-7 

170-5 

174-6 

178-9 

183*5 

188-4 

193-6 

199-3 

^ 05*3 


28-< 

^9'f 

3o*( 

33-t 

34‘2 

35*f 

36-5 

384 

40 -c 


211-7 

218-6 

226*1 

234-1 

242*8 

252^*3 

262-7 

274-0 

286*4 

300*1 

3i5*» 

33i*i 

35i'o 

372-3 

396*5 

4^4*3 

456-2 

493*6 

537*9 

591-0 


41*^ 
43*4 
45*3 
47*3 
I 49*5 
5i*« 
54*4 
57*1 
6o*i 

63*4 

67-0 

7rc 

75*5 

8o'^ 

86-2 

92*6 

100*c 

io8*6 

ii8-8 

130*5 


M 


113-2 

114*0 

114*8 

115*6 

116*5 

117*4 

118- 4 

119- 4 
120*5 
121*7 
122*9 
124*1 
125*5 


jyi 

14*0 

14-7 

i5'4 

i6*2 

i7*c 

17'/ 

i8’5 

19’3 

20*a 

2 I*« 

22*3 













































TABLE 5 


4S9 



SPHERICAL TRAVERSE 

TABLE 



14° 

15° 

16° 1 17° 

18° 

19° 

20° 

"^o M 1 N 

M 1 N 

M 1 N 1 iM ! N 

M 1 N 

M 1 N 

M ! N 


1 

124*0 

i8*6 

125*5 

19*3 

127*0 

20*1 

128*6 

20*8 

130*3 

21*6 

132*0 

22*4 

133*9 

23*2 

135 '^ 

24*1 

137*8 

24*9 

140*0 

25*8 

142*2 

26*7 

144*6 

27*7 

147*1 

28*7 

149*8 

29*7 

152-5 

30*7 

155*5 

31*8 

158*6 

33*0 

i6i*8 


165*3 

35*4 

169*0 

36*7 

172*9 

38*0 

177*0 

39*5 

181*4 

40*9 

i86*o 

42*5 

191*0 

44*2 

196*3 

45*9 

202*0 

47-7 

208* 1 

49*7 

214*6 

51*7 

221*6 

53*9 

229*1 

5^*3 

237*3 

58*8 

246-2 

6i*5 

255*8 

64*4 

266*2 

67*5 

277*7 

71*0 


290*3 

74*7 

304*2 

788 

319*5 

83*5 

336-7 

88*3 

355*8 

93*8 

377'4 

100*0 

401*9 

107*0 

430*0 

115*1 

462*5 

124*2 

500*4 

134*9 

548*2 

147*5 

599*1 

162*6 


2S 


M 1 

1 n“ 


HS *4 

29*5 

147*9 

30-6 

15^^* 5 

31*7 

153-3 


156*3 

34*0 

^ 59*4 

35-2 

162*7 

36*4 

i66*2 


169*8 

39*1 

173*8 

40*6 

177-9 

42*1 

182*3 

43*7 

187*0 

4 S '3 

192*0 

47-1 

197*3 

48*9 

203*0 

50*9 

209* 1 

53*0 



ii 5*7 1 

55*2 

222*7 

57*5 

230*3 

60 0 

^38-5 

62*7 

247*4 1 

65*6 

257*1 1 

68*7 

267*6 

72*0 

279*1 

75'7 

291*8 

79-6 

305*7 

84*0 



323*0 1 

94*4 

340*3 

100*0 

359*6 

106*3 

381-5 

113*3 

406*3 

121*3 

434*6 

130*3 

467*4 |i4o*7 

505*7 

152*9 

5511 

167*2 

605*5 

184*3 



219*5 

1 65*7 

225*3 

64*8 

226*7 

68*4 

233*0 

67*6 

234*4 

71*4 

241*3 

70*6 

242*8 

74*6 

250*3 

73*8 

251*8 

78*1 

260*0 

77*3 

261*6 

8i*7 

270*7 

81*1 

272*4 

85*7 

282*3 

85*2 

284*1 

90*1 

2951 

89*7 

296*9 

94*8 

309*2 

94*6 

311*1 

IOO*C 

3249 

100*0 

326*9 

105*7 

342-3 

io6*o 

344*4 

I 12*0 

361*7 


364*0 

1190 

383*7 

120 * I 

386*1 

126*9 

408*6 

128*5 

411*2 

135*8 

437*2 

138*1 

439*9 

146*0 

471*2 

149*1 

473*1 

157-7 

508*7 

162*0 

511*8 

171*2 

554*3 

177*1 

557-7 

187*2 

609* I 

195*3 

612*8 

206*4 


IM N iM N I M I N 
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TABLE 5 


SPHERICAL TRAVERSE TABLE 


M 

N 

M 1 

N 

122*5 

21*3 

1 

123*3 

1 

1 22*4 

123*2 

22*2 

124*5 

23*3 


23*51 125*2 
I 126*4 






130*7 

30*7 

132*0 

32*0 

i 33"4 

33*3 

134*8 

34*6 

i 36 *:j 

36*0 


30 ° 

IM j 

N 

133*3 

33*3 

134*7 

34*7 

136*2 


137*7 

1 37*5 


127*2 27'oI 12: 

128*2 28*21 I2i 


33«'9 

135*4 

357*1 

143*5 

377*4 

152*5 

400*3 

162*6 

426*3 

174*0 

456*1 

187*0 

490*5 

202*0 

530*7 

219*4 

578*3 

239*9 

635*4 

264*5 

32 

50 

M 1 

0 





3 : 


M 1 

1 ]Sl 





136*1 

137*6 

139*1 

36*1 
37*5 
' 39*0 



139*0 1 

39*0 

140*6 1 

40*6 

























TABLE 5 


491 


SPHERICAL TRAVERSE TABLE 




M 1 

0 

137*9 

37*4 

139*6 

38-8 

Hi -3 

40*3 

143-2 

41*8 

145*1 

43*3 

147*1 

44-9 

149-3 

46*5 






181*7 

68*4 

185*7 

70*9 

190*0 

73*6 

194*5 

76*3 

199*3 

79*2 



35i'z i6i-o 
370’0 170-6 
391*1 i8i'3 
414*8 193*9 
441*8 206*8 
472*6 222*3 


508*3 

240- 1 

549*9 

260*8 

599-2 

285*2 

658*4 

3 H -4 

3 ( 


I\I 

N 

152*8 

52*8 

154*8 

54*7 

156*9 

56*8 

159*0 

58*8 

i6i*4 

61*0 



238*2 

104*2 

240*6 

246*0 

108*6 

248*5 

254*3 

IJ 3-3 

257*0 

263*4 

ii8*4 

266*1 

273*2 

123*8 

276*0 

283*9 

129*7 

286*8 

295*5 

136*0 

298*6 

308*2 

142*9 

311*4 

322*2 

150*4 

325-5 

337*6 

158*6 

34 J*i 

354-7 

167*7 

358-3 ! 

373-7 1 

i 77’7 

377*5 ! 

394’9 

iS8*8 

399 0 1 

413-9 

201*3 

423-2 1 

446*1 

215*5 

45'^-7 1 

477-3 

231*6 

482*2 

5*3-3 

250* I 

518*6 1 

555-4 

271*6 

‘;6i* 1 

605*2 

297*0 

61 1*4 

665*0 

327*4 

671*8 


243*2 

112*7 

251*2 

117*5 

259*7 

122*6 

269*0 

128*1 

279*0 

134*0 

289*9 

140*3 

301*8 

147*2 

314*8 

154-7 

329*0 

162*8 

344*8 

171*7 

362*2 

181*5 

381*6 

192-3 

403*3 

204*4 

427*8 

217*9 

455-6 

234-3 

487*4 

250*6 

524-2 

270*7 

567*2 

294*0 

618*0 

321*5 

679*0 

354*4 

3 » 

? 

IVT 

N 



41 


M 

N 


156*8 

56-8 

158*9 

58-9 

i6i*i 

'61*0 

163*5 

63*2 

166*0 

65*5 

168*2 

67*8 

171*2 

70*3 

174*1 

72*8 
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TABLE 5 


SPHERICAL TRAVEKfE TABLE 


255-0 131*1 
263-2 136*6 
272-3 142*6 
282*0 149*0 
292*4 155-8 
303*9 163*2 
316*3 171*2 
330*0 179*8 
344-9 189*3 
361*4 199*6 




jSg-Si 

2269 

410*7 

240*5 

434*0 

255*5 

460-4 

272*5 

490-3 

291-6 

524*6 

3*3*4 

564*1 

338*4 

6io*4 

367*6 

665* I 

401 9 

730*8 

443** 

41 


ivr 

N 


187-0 

87*0 

190-1 

90*0 

193-4 

93*3 

196-8 

96*6 

200-5 

100*0 

204*3 

103*6 

208-4 

107-3 

212*7 

III-l 

217*3 

115*2 

222*1 

119*4 

2*7*2 

123-7 

232*6 

128*3 

238*4 

133*2 

244*5 

138*2 

251*0 

143*6 

25840 

149*2 

265*5 

*55*2 

273*5 

161*5 


741*0 

459*2 

4 « 


M 1 

N 


190*7 90*0 

i94'3 9 V 2 
198*0 96-5 

202*0 100-0 
ao6* 1 103-6 
iiio*5 107-3 
ni*3 

220*2 115'4 
119*61 
*31*0 124*1 
237*0 128-9 

^43*3 133*9 

250*0 i39«i 

257*3 144*7 

265*0 150-6 

273*3 156 
282*2 163 
291*9 170 
302-3 178 

313*5 186 

325*8 195 
339-J 204 
353*7 215 
369*7 226 
387*4 238' 
407*0 252*5 
428*8 267 5 
453*2 284*3 
480*7 303-2 
511*9 324-5 
547*7 348*7 
589-0 376-5 
637*3 409*0 
694*4 447*2 
763*0 493 'o 


193*3 93*3l ! 

196-6 96-61 200-0 !ico*o 


1*9 iii*i| 215 6 |ii5'o 



278*0 167*3 


286*7 1174*2 



237*5 j *37 - 
242*7 |i 4 ^‘^ 
248*3 1147*4 
254*3 

260*6 1158*0 
267*3 ; 164*7 
274*4 * 71*0 
282-0 :I 77'7 


298*9 19^4 

308*3 200*4 





















TABLE 5 


493 


SPHERICAL TRAVERSE TABLE 





291*2 175*4 
301*2 183*0 
311*9 191*2 
323*5 200*0 
336*1 209*4 
349*9 219*7 
365*1 230*8 
381*5 242*9 
399*8 256*2 


420*0 270*8 
442*5 287*0 
467*7 305*0 
496*1 325*2 
528*3 348*0 
565*2 374*0 
607*8 403*9 
657*6 438*7 
716*6 479*7 
787*4 518*9 


314*4 207*5 
324*7 216*4 
63 335-7 225*8 

W 347-7 *35-9 

fiJ 360*7 246*7 

«6 374-8 158-4 

67 390*1 271*0 

68 406*9 284*7 
425*3 299*7 
4457 

468*2 334*1 
493*3 354*0 
521*3 376*3 
553*0 401*2 
588*9 429*3 
030*1 461*4 

677-6 498-3 

733-> 54*-* 
798-8 591-8 
877-8 651-4 


320*9 215*0 
331*4 224*1 
342*7 233*9 
354*9 244*3 
368*1 255*6 
382*5 267*7 
398*2 280*8 
415*3 295*0 
434*1 310*5 
454*9 327*2 


477*8 346*1 
503*4 366*8 
532*1 389*8 
564*4 415*6 
601*1 444*8 
643*1 478*0 
691*6 516*2 
748*3 560*7 
815*3 613*1 

895-9 67s 9 



318*3 205*9 

329*2 ai8*o 
340*9 227*7 
353*6 238*2 
367*4 249*5 
382*5 261*7 
398*9 274*9 
417*0 289*3 
437*0 3051 


459*0 322*6 
483*6 341*8 
511*2 363*3 
542*2 387*3 
577*4 414-5 
617*7 445*5 
664*4 481*1 
718*8 522*5 
783*2 571*4 
86o‘6 629*9 


M I N M I N M I N M I 


* 5^*5 15^*5 

258*1 158*1 
264*0 163*9 
270*3 170*0 
277*0 176*4 
284*2 183*1 
291*8 190*2 
299*9 197-6 
308*5 205*5 

3 ^ 7-8 213- 9 
327*8 222*8 

338*5 23^-3 

350*0 242*4 
362*5 253*2 
376*0 264*8 
390*6 277*4 
406*6 290*9 
424*1 305*6 

443-3 3^*’7 
464*6 339*3 
488*1 358*6 
514*2 380*1 
543*5 403*9 
576-5 450-7 
613*9 460*9 
656-8 495’3 
706*4 534*9 

764-3 581-0 
832*8 1635*3 
915*1 |7 co *3 



522*6 399*7 
550*6 423*6 
581*9 450*2 
617*2 480*0 

657*3 513-7 

703*2 552*0 
756*3 596*2 
8 j 8*3 |647*5 
891*6 |7o8m 
9797 780*6 
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TABLE 5 


SPHERICAL TRAVERSE TABLE 




67 ' . 

1\1 

i\ 

JM 

1 N 

3*9-8 

219-8 


1 

3 ^ 8*3 

228*3 

337 ** 

237-2 

337*5 

^ 37*3 

346-5 

246-4 

347 *ii 

246-7 

356*5 

256-3 

357*7 

256-8 

367*^ 

266- 1 

368-9 

267*5 

378-7 

277-8 

380*9 

278*8 

39**1 

289-6 

393*9 

291-0 

404*4 

302*2 

407*9 

303-9 

418*8 

3 * 5*7 

,423-1 

3*79 

434*0 

330*2 

439*7 

333*0 

45**4 

345*9 

457*7 1 

349*3 

469*9 

362-8 

477*4 

366-9 

490*1 

381-1 

499 0 

386-2 

5 * 2-3 

401- 1 

522-9 

407*3 

536*8 

423-1 

549'3 

430-6 

564*0 

447-2 

578*7 

456*3 

594*2 

473*9 

6i 1-6 

484*9 

628-0 

503*7 

648-8 

5 * 7*0 

666-1 

537*0 

690-9 

553*3 

709*4 

574*7 

739*2 

594-6 

758*9 

617-6 

795*0 

642-2 

816-2 

667-0 

860-1 

697*5 

883-1 

724*5 

937-2 

762*7 

962-3 

792*2 

1030 

840* 8 

1057 

873*3 


4 — T - 4- 

M N M 


389*5 

402-0 

288-7 

1301*0 

4 * 5*7 

13 * 4*1 

430*5 

I328-1 

446-5 

j 343*2 

464-0 

| 359*4 

483*0 

i 377 *o 

503*7 

1396-1 

526-6 

1416*9 

55**7 

! 4 ^ 9*7 

579*6 

1464-8 

610*7 

149^*5 

645*4 

1523*4 

684-6 

| 558 *i 

729-1 

1597*3 

780*0 

164**9 

838-9 

1693*2 

907-6 

,752*9 

989*0 

1823*3 

1087 

907-6 


400*5 

4 * 3*6 

300-2 

313-0 

427*7 

442*9 

459*4 

477*4 

496-9 

326-6 

34**2 

356*9 

373*8 

392-1 


54**8 

433*6 

567*7 

457*3 

596*4 1483*3 

628-3 

512-2 

664*1 

544:4 

704*4 

580*5 

756-2 

621- 1 

802-6 

667*5 

863-1 

720*9 

933*9 

783*0 

1018 

856*2 

II 18 

943*9 


M 

N 

400-0 

300-0 

4 * 2*5 

3 * 2*5 

426-0 

325*8 

440-5 ! 

339*9 

456*2 1 

35 S’i 

473-2 1 

371*4 

49**7 1 

389-0 

5***9 1 

398*8 

533*9 

428-7 

558-1 

451*2 

584*8 

475*9 


M I N 




453*7 353*7 
469*2 369*1 
485*9 385-6 
504-0 403-3 
523-7 422-4 
545'! 443** 
568-6 465-5 
594*4 489-9 
622*8 516-7 


654*3 546-2 

689-3 578-8 
728*5 615-Z 
772-8 655-9 
823*0 701-9 
88o*5 754-3 
946-9 814-6 
1024 884-8 
1116 1967-6 
1227 I1067 


604-5 504*5 
629*2 529*1 
656-3 555-9 
686*1 595-1 
718*9 617-1 
755-2 652-3 
795*6 691*3 
840*9 734*6 
892-0 783*3 

949*9 838-2 

1016 900-8 
1093 972-9 

1183 1057 

1288 1155 

1416 1274 


70 

854*9 1754*9 



71 

898*1 

797*9 

943*5 

843*5 

72 

946*2 

845*6 

994*0 

893-8 

73 

1000 

898*6 

1051 

949*9 

74 

io6i 

958*1 

1114 

1013 

75 

1130 

1025 

1187 

1084 

70* 

1209 

1102 

1270 

1165 

77 

1300 

1190 

1366 

1258 

7« 

1406 

*^93' 

*477 

1366 

7.9 

1532 

*413 

t6io 

*494 

80 

1684 

*558 

1769 

1647 


1047 l947*2t 

1107 1008 1170 

1174 1073 1241 

1250 1149 1321 

1338 1234 1414 

*439 *333 *5^0 

1556 1448 1645 

1696 1583 1793 

1864 1745 *970 


1070 

1141 1316 1216 

1221 1402 1301 

1312 1500 1399 

1417 1613 1511 

*539 1745 *64* 

1683 190J 1794 

1856 2089 1978 



778-6 678-6 
815-9 7*5*7 


857-1 756-6 
903*0 8oi-S 
954*4 85a** 
1002 908*5 
1078 972*2 

1153 *045 


1462 11340 
1607 '1477 




































TABLE 6 


495 


MERIDIONAL PARTS 



8 ^ 9 ® I 10*^1 11 °| 12 °| 13 °| 14 °| 15 °| 16 ° | I 18 ° 


0 

60 

120 

180 

I 

61 

121 

181 

2 

62 

122 

182 

3 

63 

123 

183 

4 

64 

124 

184 

5 

65 

X25 

185 

6 

66 

126 

186 

7 

67 

127 

187 

8 

68 

128 

188 

__ 9 , 

69 

129 

189 

10 

70 

130 

190 

11 

71 

X 3 X 

191 

12 

72 

132 

192 

13 

73 

X33 

193 

14 

74 

X34 

194 

J 5 

75 

235 

195 

16 

76 

136 

196 

17 

77 

137 

197 

ig 

78 

138 

19S 


79 

139 

199 

20 

80 

140 

200 

21 

81 

141 

201 

22 

82 

142 

' 202 

as 

83 

X 43 

203 

24 

84 

144 

204 

25 

85 

X 4 S 

205 

26 

86 

146 

206 

27 

87 

X 47 

207 

28 

88 

148 

208 

i2_ 

89 

149 

209 

30 

90 

150 

210 

1’' 

9 X 

X 5 X 

211 

32 

92 

152 

212 

33 

93 

XS 3 

213 

34 

94 

X 54 

214 

35 

95 

X 55 

215 

36 

96 

156 

216 

37 

97 

257 

217 

38 

98 

158 

218 


99 

X 59 

219 


41 101 
12 42 102 

43 43 103 

44 44 104 

45 45 105 

46 46 106 

47 47 107 

48 48 108 

4^ ^ *09 

50 

51 III 

5] '*3 

S 55 115 
.56 116 

57 117 

58 118 

59 1 19 


[60 220 280 
:6i 221 281 
[62 222 282 
163 223 283 
[64 224 284 
[65 225 285 
[66 226 286 
167 227 287 
[68 228 288 
[69 229 289 
170 230 290 
[71 231 291 
[72 232 292 

‘73 ^33 ^93 
[74 a 34 294 
‘75 235 295 
[70 236 296 
[77 237 297 
[78 238 298 
t 79 239 299 


300 361 421 

301 362 422 

302 363 423 

303 364 424 

304 365 425 

305 366 426 

306 367 427 

307 368 428 

308 369 429 

309 370 430 

310 371 431 

311 372 432 

312 373 433 

313 374 434 
3J4 375 435 
3J5 376 436 
3X6 377 437 
317 378 438 

3x8 379 439 

319 380 440 

3^ 381 441 

321 382 442 

322 383 443 

323 384 444 

324 385 445 

325 386 446 

326 387 447 

327 388 448 

328 389 449 
330 390 450 

33X 391 451 

332 392 452 

333 .393 453 

334 394 454 

335 395 455 

336 396 456 

337 397 457 

338 398 458 

339 399 459 

340 400 460 

341 401 461 

342 402 462 

343 403 463 

344 404 4^4 

345 405 465 

346 406 466 

347 407 467 

348 408 468 

349 409 469 

350 410 470 

351 411 471 

352 412 472 

353 413 473 

354 414 474 

355 415 476 

356 416 477 

357 417 478 

358 418 479 

359 419 480 

360 420 481 


482 542 603 

483 543 604 1 

484 544 605 

485 545 6c6 

486 546 607 

487 547 608 

488 548 609 

489 549 610 
496 550 61 1 

491 S5J 612 

492 552 613 

493 553 614 

494 554 615 

495 555 616 

496 556 617 

497 557 618 

498 558 619 

499 559 620 

500 560 621 

501 561 622 

502 562 623 

503 564 624 

504 565 625 

505 566 626 

506 567 627 

507 568 628 

508 569 629 

509 570 631 

510 571 632 

512 573 634 

513 574 635 

514 575 636 

515 576 637 

516 577 638 

517 578 639 

518 579 640 

519 580 641 

520 581 642 

521 ^82 643 

522 583 644 

523 584 645 

524 58 5 646 

525 586 647 

526 587 648 

527 588 649 

528 589 650 

529 590 651 

530 591 652 

531 592 653 

532 593 654 

533 594 655 

534 595 656 

535 596 657 

536 597 658 

537 598 659 

538 599 ^60 

539 600 661 

540 601 662 

541 602 663 


664 725 
66^ 726 

666 727 

667 728 

668 729 

669 730 

670 731 

671 732 

672 734 

673 735 

674 736 

675 737 

676 738 

677 739 

678 740 

679 741 

680 742 

681 743 

682 744 

683 743 

684 746 

685 747 

687 748 

688 749 

689 750 

690 751 

691 752 

692 753 

693 754 
M 755 

695 756 

696 757 

697 758 

698 759 

699 760 

700 761 

701 762 

702 763 

703 764 

704 765 

705 7^ 

706 767 

707 768 

708 769 

709 770 


712 773 

7x3 774 
7 x 4 jm 

715 111 

716 778 

717 779 

718 780 

719 781 

720 782 

721 783 

722 784 

723 783 

724 786 


787 848 910 

788 850 911 

789 851 9x3 

790 S52 914 

791 853 915 

792 854 916 

793 855 917 

794 856 918 

795 857 919 

796 8i;8 920 

797 859 921 

798 860 922 

799 861 923 

800 862 924 

801 863 925 

802 864 926 

803 865 927 

804 866 928 

805 867 929 

806 868 930 

807 S69 931 

808 870 932 

809 871 933 

810 872 934 
8x1 873 935 

812 874 ‘936 

813 875 937 

815 876 938 

816 877 939 

817 878 941 

818 879 942 

819 880 943 

820 882 944 

821 883 945 

822 884 946 

823 885 947 

824 886 948 

825 887 949 

826 888 950 

827 889 951 

828 890 952 
1 829 891 953 

830 892 954 

831 *93 955 

832 894 956 

833 895 957 

834 896 958 

835 897 959 

836 898 960 

837 899 961 
1 838 900 962 
[839 901 963 

840 90Z 964 

841 903 965 

842 904 966 

843 905 968 

844 906 969 

[845 907 970 

846 908 971 
! 847 909 972 


1035 X098 

1036 1099 

1037 1100 

1038 IIOI 

1039 H02 

1041 1103 

1042 1 105 

1043 1106 

1044 1107 

1045 1108 

1046 1109 

1047 I no 

1048 nil 

1049 1112 

1050 1113 

1051 1114 

1052 1115 

1053 1116 

1054 1117 

1055 1118 

1056 III9 

1057 1120 

1058 1121 


998 

1060 

1123 

999 

1061 

112^ 

1000 

1063 

1126 

1001 

1064 

1127 

1002 

X065 

1128 

1003 

1066 

1129 

1004 

1067 

XX 30 

1005 

1068 

1131 

1006 

1069 

1132 

1007 

1070 

1x33 

1008 

1071 

1134 

1009 

1072 

X135 

1010 

1073 

1136 

ion 

1074 

1x37 

1012 

1075 

1138 

1013 

1076 

X139 

1014 

1077 

1140 

1015 

1078 

1 141 

1016 

1079 

1142 

1018 

1080 

1144 

1019 

1081 

1145 

1020 

1082 

X146 

1021 

1084 

1147 

1022 

1085 

X14S 

1023 

1086 

1149 

1024 

1087 

1150 

1025 

1088 

1151 

1026 

1089 

1152 

1027 

1090 

1153 

1028 i 

1091 

XI 54 

1029 

1092 

1155 

1030 

1093 

1156 

1031 

1094 

1x57 

1032 

1095 

1158 

1033 

1096 

1x59 

1034 

1097 

11 6c 

16 ° 

17° 

j ia° 
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TABLE 6 


MERIDICNAL PARTS 


LATITUDE 


0 

19 ® 

20® 

21*> 

22° 

23 ® 

24 ° 

26 ° 

26 ® 

27° 

28 ° 

29 ° 

30 ° 

81 ° 

32 ° 


0 

ii6i 

1225 

1289 

1354 

* 4*9 

*484 

*550 

1616 

1684 

1751 

1819 

1888 

1958 

2028 

a IOC 

1 

1163 

1226^ 

1290 

1355 

1420 

14851 

* 55 * 

1618 

1685 

*752 

1821 

1890 

*959 

2030 

aioi 

2 

1164 

1227 

1291 

1356 

1421 

i486 

*552 

1619 

1686 

*753 

1822 

1891 

iq6o 

2031 

2102 

3 

1165 

1228 

1292 

1357 

1422 

1487 

*553 

1620 

1687 

*755 

1823 

1892 

1962 

2032 

2*or 

4 

1166I 

1229 

1293 

135X 

* 43^3 

1488 

*554 

1621 

1688 

1756 

1824 

1893 

1963 

2033 

2104 

6 

1167 

12^0 

1295 

1359 

1424 

*490 

*55.' 

1622 

1689 

*757 

1825 

1894 

1964 

2034 

2105 

6 

1168 

1232 

1296 

1360 

1425 

* 49 * 

*557 

1623 

1690 

*758 

1826 

1895 

1965 

2035 

2107 

7 

1169 

1233 

1297 

13,61 

1426 

1492 

155)) 

1624 

1691 

*759 

1827 

1896 

iq66 

2037 

2 108 

8 

1170 

1^34 

1298 

1362 

1427 

*493 

*559 

1625 

► *693 

1760 

1829 

1898 

*967 

2038 

2109 

9 

1171 

1235 

1299 

1363 

1428 

1494 

1560 

1626 

1694 

1761 

1830 

1899 

1969 

2039 

2110 

10 

WJI. 

1236 

1300 

1364 

*430 

*495 

1 561 

1628 

1695 

1762 

1831 

1900 

1970 

2040 

21 i 7 

11 

1173 

1237 

1301 

1366 

* 43 * 

1496 

1562 

1629 

1696 

*764 

1832 

1901 

1971 

2041 

2*13 

12 

1174 

1238 

1302 

1367 

1432 

*497 

1563 

1630 

1697 

1765 

183J 

1902 

1972 

2043 

2114 

13 

II 7 S 

1239 

1303 

1368 

*433 

*498 

*564 

1631 

1698 

1766 

1834 

1903 

*973 

2044 

2115 

14 

1176 

1240 

1304 

1369 

*434 

*499 

*565 

1632 

*699 

1767 

183J; 

1905 

*974 

204s 

2 Ii 6 

15 

1177 

1241 

1305 

1370 

*435 

1500 

1567 

1633 

1700 

1768 

1837 

1906 

*976 

2046 

2117 

16 

1178 

1242 

1306 

1371 

*436 

1502 

1568 

1634 

1701 

1769 

1838 

1907 

*977 

2047 

2119 

17 

1179 

1243 

1307 

1372 

*437 

*503 

1569 

1635 

*703 

*770 

*839 

1908 

*978 

2048 

2 I 2 C 

18 

1181 

1244 

1308 

1373 

*438 

*504 

1570 

1637 

1704 

*772 

1840 

1909 

*979 

2050 

2121 

19 

1182 

1245 

1310 

1374 

*439 

*505 

* 57 * 

1638 

1705 

*773 

1841 

1910 

1980 

2051 

2122 

20 

1183 

1246 

13*1 

1375 

*440 

1506 

*572 

1639 

1706 

*774 

1842 

19;2 

1981 

2052 

2123 

21 

1184 

1248 

1312 

1376 

* 44 * 

1507 

*573 

1640 

1707 

*775 

*^3 

1913 

*983 

2053 

2IZ5 

22 

1185 

1249 

1313 

1377 

*443 

1508 

*574 

1641 

1708 

1776 

*f 45 

* 9*4 

1984 

2054 

2126 

23 

1186 

1250 

* 3 H 

*379 

*444 

1509 

*575 

1642 

*709 

1777 

1846 

* 9*5 

1983 

2056 

2127 

24 

.X187 

1251 

*315 

1380 

*445 

1510 

1577 ' 

' 6 -i 3 

1711 

1778 

*|47 

1916 

1986 

2057 

2128 

25 

1188 

1252 

1316 

1381 

*446 

151* 

1578 

1644 

1712 

1780 

1S48 

* 9*7 

1987 

2058 

2129 

26 

1189 

1253 

1317 

1382 

*447 

* 5*3 

* 579 - 

1645 

* 7*3 

1781 

1S49 

1918 

1988 

2059 

2131 

27 

1190 

1254 

1318 

1383 

*448 

1514 

1580 

1647 

17*4 

1782 

1850 

3920 

1990 

2060 

2132 

28 

1191 

125^ 

1319 

uH 

*449 

* 5*5 

1581 

1648 

* 7*5 

1783 

1852 

1921 

* 99 * 

2061 


29 

1192 

1256 

1320 

138s 

1450 

1516 

1582 

1649 

1716 

1784 

1853 

1922 

*992 

2063 

2134 

30 

1193 1 1257 

1321 

1386, 

1451 

* 5*7 

1583 

1650 1 

* 7*7 

1785 

1 *854 

'1923 

*993 

2064 


31 

1194 

1258 

1322 

13S7 

1452 

* 5*8 

1584 

1651 

1718 

1786 

1*855 

1924 

*994 

2065 

2137 

32 

1195 

1259 

1324 

1388 

*453 

* 5*9 

*585 

1652 

1720 

*787 

i 1856 

* 9^5 

*995 

2066 

2138 

33 

1196 

1260 

1325 

1389 

*455 

*520 

1586 

*653, 

1721 

*789 

1857 

1927 

*997 

2067 

2*39 

34 

1198 

1261 

1326 

1390 

*456 

1521 

1588 

*654 

1722 

1790 

1858 

1928 

1998 

2069 

214c 

35 

1199 

1262 

1327 

1392 

*457 

1522 

*589 

1656 

1 1723 

* 79 * 

i860 

1929 

*999 

2070 

2141 

36 

1200 

1264 

1 

1393 

*458 

1524 

1590 

1657 

*724 

1792 

x86i 

1930 

2000 

2071 

2143 

37 

1201 

1265 

13^9 

*394 

*459 

* 5^5 

* 59 * 

1658 

1725 

*793 

1862 

I * 93 * 

2001 

2072 

2144 

38 

1202 

1266 

1330 

*395 

1460 

1526 

1592 

1659 

*726 

*794 

1863 

* 93 ^ 

2002 

2073 

2*45 

39 

1203 

1267 

1331 

1396 

146 1 

1527 

*593 

1660 ; 

1727 

*795 

1864 

*934 

Z004 

2075 

2146 

40 

1Z04 

1268 

1332 

*397 

1462 

1528 

*594' 

1661 

1729 

*797 

1865 

*935 

2005 

2076 

2147 

41 

1205 

1269 

1333 

1398 

*463 

* 5^9 

*595 

1662 

1730 

1798 

1866 

1936 

2006 

2077 

2*49 

42 

1206 

1270 

1334 

*399 j 

*464 

*530 

*596 

1663 

* 73 * 

*799 

1868 

*937 

2007 

2078 

2150 

43 

izc 7 

1271 

1335I 

1400 

*465 

* 53 * 

1598 

1664 

*732 

1800 

1869 

1938 

2008 

2079 

1 2151 

44 

IZ08 

1272 

1336 

1401 

1467 

1532 

*599 

1666 

*733 

1801 

1870 

*939 

1 2010 

2080 

2152 

45 

1209 

1273 

1338 

1402 

1468 

*533 

1600 

1667 

*734 

1802 

1871 

* 94 * 1 

1 2011 

Z082 

2153 

46 

1210 

1274 

1339 

1403 

1469 

*535 

1601 

1668 

*735 

*803 

1872 

1942 

‘2012 

2083 

2155 

2150 

47 

1211 

1275 

1340 

*405 

1470 

*536 

1602 

1669 

*736 

*805 

1873 

*943 

2013 

2084 

48 

121Z 

1276 

1341 

1406 

* 47 * 

*537 

1603 

1670' 

*738 

1806 

J 87 S 

*944; 

2014 

2085 

2157 

215^ 

49 

1213 

1277 

1344 

1407 

*472 

1538 

1604 

1671 

*739 

1807 

1876 

*9451 

2015 

2086 

50 

1215 

1278 

1343 

1408 

*473 

*539 

1605 

1672 

*740 

1808 

1877 

1946 

2017 

2088 

2159 

2161 

51 

1216 

1280 

1344 

*409 

*474 

*540 

1606 

1673 

1741 

1809 

1878 

1948 

2018 

2089 1 

52 

1217 

1281 

1345 

1410 

*475 

* 54 * 

1608 

*675 

1742 

1810 

1879 

*949 

2019 

2090 

iiw 

2163 

2164 

2165 
2167 

2i6S 

53 

1218 

▼ 282 

1346 

1411 

*476 

1542 

1609 

1676 

*743 

1811 

1880 

*950 

2020 

2091 

54 

1219 

1287 

1347 

1412 

*477 

*543 

1610 

*677 

*744 

1813 

IS8I 

* 95 * 

2021 

2092 

55 

1220 

1284 

1348 

1413 

*479 

*544 

1611 

1678 

*746 

1814 

1883 

* 95 ^ 

2022 

2094 

56 

1221 

1285 

^49 

1414 

1480 

*546 

1612 

*679 

*747 

1815 

1884 

*953 

2024 

2095 

2096 

57 

1222 

1286 

1350 

* 4*5 

1481 

*547 

1613 

1680 

1748 

1816 

1885 

*955 

2025 

2169 

2*70 

58 

1223 

1287 

1352 

1416 

1482 

*548 

*614 

1681 

*749 

1817 

1886 

1956 

2^26 

2097 

59 

1224 

1288 

1353 

1418 

*483 

*549 

1615 

16^2 

1750 

‘ 1818 

1887 

1957 

1 2027 

2098 

t 

Zl 

20° 

21° 

22° 

23 ° 

24 ° 

26 ° 

26 ° 

27 ° 

2«° 

1 OJJO 

i 30 ° 

31 ° 

32 ° 

33 *' 
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table 6 


MERIDIONAL PARTS 


LATITUDE 



60° 61° 



3490 

3585 

3681 

3780 

3882 

3985 

4092 

4201 

43*3 

4429 

4547 

3492 

3586 

3683 

3782 

3883 

3987 

4094 

4203 

43*5 

443* 

4549 

3493 

3588 

368s 

37S4 

3885 

3989 

4095 

4205 

43*7 

4433 

455* 

3495 

3590 

3686 

3785 

3887 

399* 

4097 

4207 

43*9 

4434 

4553 

3496 

359* 

3688 

3787 

3889 

399^ 

4099 

4208 

4321 

4436 

4555 

3498 

3593 

3690 

3789 

3890 

3994 

4101 

4210 

4323 

4438 

4557 

3499 

3594 

3691 

3790 

3892 

3996 

4103 

4212 

4325 

4440 

4559 

3501 

3596 

3693 

3792 

3894 

3998 

4104 

4214 

4327 

4442 

4562 

3503 

3598 

3^5 

3794 

3895 

3999 

4106 

4216 

4328 

4444 

4564 

3504 

3 599 

3696 

3795 

3897 

4001 

4108 

4218 

4330 

4446 

4566 

3506 

3601 

3698 

3797 

3899 

4003 

41 10 

4220 

4332 

4448 

4568 

3507 

3602 

3699 

3799 

3901 

4005 

4112 

4221 

4334 

4450 

4570 

3509 

3604 

3701 

3800 

3902 

4006 

4**3 

4223 

4336 

4452 

4572 

3510 

3606 

3703 

3802 

3904 

4008 

4**5 

4225 

4338 

4454 

4574 

35*31 

3607 

3704 

3804 

3906 

4010 

4**7 

4227 

4340 

4456 

4576 

35*4 

3609 

3706 

3806 

3907 

4012 

4**9 

4229 

4342 

4458 

4578 

35*5 

3610 

3708 

3807 

3909 

4014 

4121 

4231 

4344 

4460 

4580 

35*7 

3612 

3709 

3809 

39** 

4015 

4122 

4232 

4346 

4462 

4582 

35*8 

3614 

37*1 

3811 

39*3 

4017 

4124 

4234 

4347 

4464 

4584 

3520 

3615 

37*3 

3812 

39*4 

4019 

4126 

4236 

4349 

4466 

4586 

35a* 

3617 

37*4 

38*4 

3916 

4021 

4128 

4238 

435* 

4468 

4588 

35^3 

3618 

37*6 

3816 

39*8 

4022 

4130 

4240 

4353 

4470 

4590 

35*5 

3620 

37*7 

3817 

39*9 

4024 

4132 

4242 

4355 

4472 

4592 

3526 

3622 

37*9 

3819 

3921 

4026 

4*33 

4244 

4357 

4474 

4594 

3528 

3623 

3721 

3821 

39^3 

4028 

4*35 

4246 

4359 

4476 

4596 

3529 

3625 

3722 

3822 

39^5 

4029 

4*37 

4247 

4361 

4478 

4598 

353* 

3626 

3724 

3824 

3926 

4031 

4*39 

4249 

4363 

4480 

4600 

353^ 

3628 

3726 

3826 

3928 

4033 

4141 

4251 

4365 

4482 

4602 

3534 

3630 

37^7 

3827 

3930 

4035 

4142 

4253 

4367 

4484 

4604 

3536 

3631 

372^9 

3829 

393^ 


4*44 

4255 

4369 

4486 

4606 

3537 

3633 

373* 

383* 

3933 

4038 

4146 

4257 

4370 

4488 

4608 

3539 

3634 

373^ 

383^ 

3935 

4040 

4*48 

4259 

4372 

4490 

4610 

3540 

3636 

3734 

3834 

3937 

4042 

4150 

4260 

4374 

4492 

4612 

354^ 

3638 

3736 

3836 

3938 

4044 

4152 

4262 

4376 

4494 

4614 

3543 

3639 

3737 

3838 

3940 

4045 

4*53 

4264 

4378 

4495 

4616 

3545 

364* 

3739 

3839 

3942 

4047 

4*55 

4266 

4380 

4497 

4618 

3547 

3643 

374* 

384* 

3944 

4049 

4*57 

4268 

4382 

4499 

4620 

3548 

3644 

3742 

3843 

3945 

4051 

4*59 

4270 

4384 

450* 

4623 

3550 

3646 

3744 

3844 

3947 

4052 

4161 

4272 

4386 

4503 

4625 

355* 

3647 

3746 

3846 

3949 

4054 

4162 

4274 

4388 

4505 

4627 i 

3553 

3649 

3747 

3848 

395* 

4056 

4164 

4^75 

4390 

4507 

4629 

3555 

3651 

37^ 

3849 

395^ 

4058 

4166 

4277 

4392 

4509 

4631 

3556 

3652 

3' 50 

385* 

3954 

4060 

4168 

4279 

4394 

45** 

4633 

3558 

3654 

'S75^ 

3853 

3956 

4061 

4170 

4281 

4396 

45*3 

4635 

3559 

365s 

3754 

3854 

3958 

4063 

4*731 

4283 

4398 

45*5 

4637 

356* 

3657' 

3755 

3856 

3959 

4065 

4*73 

4285 

4399 

45*7 

4639 

3562 

3659 

3757 

3858 

3961 

4067 

4*75 

4287 

4401 

45*9 

4641 

3564 

3660 

3759 

3860 

3963 

4069 

4*77 

4289 

4403 

452* 

4643 

3566 

3662 

3760 

3861 

3964 

4070 

4*79 

429* 

4405 

45^3 

4645 

3567 

3664 

3762 

3863 

3966 

4072 

4181 

4292 

4407 

4525 

4647 

o0° 

61° 

52° 

63° 

64° 

66° 

66° 

67° 

68° 

69° 

60° 


? 4775 4905 

I 4777 4907 

J 4779 4909 
5 4781 4912 
1 4784 4914 
3 4786 4916 
t 4788 4918 
i 4790 4920 
) 4792 4923 
^ 4794 49^ 5 
) 4796 4927 
I 4798 4929 
[. 4801 4931 

> 4803 4934 
! 4805 4936 

> 4807 4938 
; 4809 4940 
.4811 4943 

4814 4945 

> 4816 4947 
4818 4949 
4820 4951 
4822 4954 
4824 4956 
4826 495S 
4829 4960 
4831 4963 

4833 4965 

4835 4967 
4837 4969 
4839 4972 
4842 4974 
4844 4976 
4846 4978 
4848 4981 
4850 4983 
4852 4985 
4855 4987 

4857 4990 

4859 499^ 
4861 4994 
4863 4996 
4865 4999 
4868 5001 
4870 5003 
4872 5005 
4874 5008 
4876 5010 

4879 50^^ 

4881 

’ 4883 5017 
4885 50^9 
4887 50^* 

4890 50^3 
4892 • 5026 

4894 ! 50^8 


4896 

503c 

4^98 

5033 

4901 


4903 

5037 

62° 

63° 










TABLE 6 
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MERIDIONAL PARTS 


LATITUDE 


64® ‘ 65® ^ 66° 67° 68° 69° 70° 71° 72° 73° 74° 75° 76® 77° 78° 


0 5039 

1 504a 

2 5044 

3 5046 

4 5049 

5 5051 

6 5053 

7 5055 

8 5058 

9 5060 
iO 5062 
U 5065 

12 S067 

13 5069 

14 5071 

15 5074 

16 5076 

17 5078 

18 5081 

19 5083 

20 5085 

21 5088 

22 5090 

23 5092 

24 S <^95 

25 5097 

26 5099 

27 5102 

28 5 104 
29 ' 5106 


30 5108 



5966 6146 
5969 6149 
5972 6152 
5975 6155 
5978 6158 
598* 6161 
5984 6164 
5986 6167 
5989 6170 
599^ 6173 

5995 6177 
5998 6i8o 
6001 6183 
6004 61S6 
6007 6189 
6010 6192 
6013 6195 
6016 6198 
6019 6201 
6022 6205 
6025 6208 


6034 6217 
6037 I 6220 
6040 j 6223 
6043 6226 
6046 6230 
6049 6233 
6052 6236 


67° 68° 69° 



74° 15 ^ 76° 77° 
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TRUE DEPRESSION OR DISTANCE OF THE 

SEA HORIZON 

Heigh 

tDe 

). Squar 

e Heig 

It De 

). Squar 

f* Heig 

It De 

p. Squar 

e Id ep. Square 1 

11 
3-6 
80 
14 2 
22* 1 
31 9 
43*3 
66 6 
71*7 
88 6 

ft 1 
2 

3 

4 

5 

6 

7 

8 

9 

lO 

' 1 

4 
9 

16 

25 

36 

49 

64 

81 

100 

329 ,*] 

340: 
35 1: 
362 ^ 
374 ( 
3855 

3974 

4093 

4213 

4337 

ft 6 
i 67 
63 
6^ 

65 

66 

67 

68 

69 

70 

i' 372 
384. 

396s 

409^ 
422 ( 

435 ^ 

4485 

4624 

4761 

490c 

12966 
|. 1316 , 
1339 ' 
1361 .' 
1363 ( 
11061 
14262 
14.502 

14739 

14970 

|ft 12 
3 12: 
J 12' 
12/ 

12 < 
> 126 

127 

128 

129 

130 

i' 1464 
i 1488/ 
1512c 

1- * 537 ^ 
15625 
15876 
16129 
1638/J 
16641 
16900 

ig 
h 18 
18 
18 
18 

i8( 

185 

ig^ 

189 

19c 

-1 

l' 32761 

2 33124 

33489 

I- 33856 
34225 
34596 
34969 

35344 

35721 

36100 

107 

127 

149 

173 

199 

226 

256 

287 

319 

354 

390 * 

428 

468 

610 

550 

598 

645 

694 

744 

797 

11 

12 

13 

14 

15 

16 

17 
ig 

19 

20 

121 

144 

169 

196 

225 

256 

289 

324 

361 

400 

4461 

4587 

47I6 

4846 

4976 

5112 

5249 

5385 

5524 

5665 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

5041 

5184 

5329 

5476 

5625 

5776 

5929 

6084 

6241 

6400 

15197 

15429 

15664 

15901 

16139 

16360 

16622 

16666 

17111 

17362 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

17161 

17424 

17689 

17956 

18225 

18496 

18769 

19044 

19321 

19600 

192 

*93 

*94 

*95 

196 

*97 

198 

*99 

200 

36481 

36864 

37249 

37636 

38025 

38416 

38809 

39204 

39601 

4C000 

21 

22 

23 

24 

^5 

26 

27 

28 

29 

30 

441 

484 

529 

576 

625 

676 

729 

784 

841 

9C0 

5808 

5952 

6098 

6246 

6394 

6647 

6700 

6855 

7012 

7172 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

6561 

6724 

6889 

7056 

7225 

7396 

7569 

7744 

7921 

8 TOO 

17606 

I 7«60 

16111 

16366 

16622 

16676 

19140 

19401 

19664 

19930 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

19881" 

20164 

20449 

20736 

21025 

21316 

21609 

--1904 

22201 

22500 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

40401 
40804 
41209 
41616 
i 42025 
42436 
42849 
43264 
43681 
44100 

850 

906 

964 

1023 

1084 

1147 

1211 

1278 

1346 

1416 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

961 

1024 

1089 

1156 

122^ 

1296 

1369 

1444 

1521 

1600 

7332 

7492 

7656 

7824 

7987 

8158 

8330 

8504 

8678 

8852 

9 ^ 

92 

93 

94 

95 

96 

97 

98 

99 

100 

8281 

8464 

8649 

8836 

9025 

9216 

9409 

9604 

9801 

lOCCO 

20197 

20465 

20736 

21006 

21262 

21556 

21636 

22115 

223 J 17 

22660 

I 5 J 

152 

*53 

*54 

*55 

156 

*57 

*58 

*59 

160 

22801 

23104 

23409 

23716 

24025 

24336 

24649 

24964 

25281 

25600 

211 

212 

2*3 

214 

215 

216 

217 

218 

219 

220 

44521 

44944 

45369 

45796 

46225 

46656 

47089 

47524 

47961 

48400 

1487 

1561 

1636 

1713 

1792 

1872 

1954 

2039 

2124 

2212 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

1681 

1764 

1849 

1936 

2025 

2116 

2209 

2304 

2401 

2500 

9032 

9210 

93‘13 

9577 

9760 

9951 

10135 

10325 

10518 

10712 

10 1 

IC 2 

103 

104 

105 

106 

107 

108 

109 

I 10 

I020I 

10404 

10609 

10816 

11025 

11236 

11449 

11664 

11881 : 

I 2 ICO 1 

229(;4 

23251 

23540 

23630 

24121 

24415 

24711 

25006 

25307 

25606 

161 

162 

163 

164 
i6s 

166 

167 

168 

169 

170 

25(921 

26244 

26569 

26896 

27225 

27556 

27889 

2S224 

28561 

28(900 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

48841 

49284 

49729 

50176 

50625 

51076 

5*529 

51984 

5244* 

52900 

2301 
2393 
2485 
2581 
2677 
2775 
2875 
2977 
3081 
3186 1 

51 

52 

5 3 

54 

5 5 

56 

57 

58 

5 o 

2601 

2704 

2809 

2916 

3025 

3136 

3249 
3364 1 

3481 1 

3600 1 

10908 ' 
11105 
11304 
11506 

11709 

11913 
12120 ] 
12328 ] 
12538 ] 

12749 ] 

III 

I 12 

1 13 : 

114 ] 

115 ] 

116 ] 
[I7 I 
ti8 I 
119 I 
[20 I 

12321 ; 
12544 : 
[2769 : 
[2996 ; 
[3225 : 

^3456 s 

3689 

3924 

4161 "i 
4400 2 

25911 

26215 

26521 

26629 

27139 

27451 
J 7764 [ 
56079 ] 
56396 ] 
587 1 5 1 

171 

172 : 

*73 • 

174 : 
*75 ; 
176 : 

*77 : 
[78 3 
^79 3 
[80 1 

29241 
295S4 
29929 
30276 
30625 
J0976 2 
{1329 2 
11684 “ 
12041 2 
12400 2 

^ 3 * 

132 

^33 
?-34 , 
^35 ^ 
>36 - 

^37 ‘ 
.38 ( 

'39 5 
,40 5 

53361 

53S24 

54289 

54756 

55225 

55696 

^6169 

16644 

17*21 

17600 


TABLE 9 


N? OF FEET 

SUB'IENniNG AN 

ANGLE OF 1’, 

Dist.i 

1 

Miles 

Feet. 

1 

1*77 

2 

3*54 

3 

531 

4 

7-08 

5 

8*84 

6 

io‘6i 

7 

12*38 

8 

14*15 

9 

15*92 


17*69 

11 

1 *9*46 

12 


13 

23*00 

14 

! 2477 

15 

26*53 

16 

28*30 

17 

S'* 07 

18 

' 3**84 

19 

33*6i 

20 

35*38 

21 

37*15 

22 

38*92 

23 

40*69 

24 

42*46 

25 

44*23 

26 


27 

47*76 


49'53 

29 

51*30 


53 07 
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TABLE 10 


MARITIME POSITIONS 


L) Places Lat. N | Long. 

j West 

St. Paul's Cathedral s'2 

Greenwich OBSERVAroaYfl*‘ 51 a8*6o o 

! East 

Greenhithe, ferry 51 ay’a'o 16*7 

Sheerness, 11. st 5* 26*80 44*7 

Chatham Dk. yd. King’s stairs 51 23*80 35*0 
»Nore--lt.v. £.d.T,R5-i g 

38f. ♦, gong j ^ ^ ^ 

Mai-gate, III>2, It. 85f, N. Ch. 51 ^3*4 i 23*2 

North Foreland It. F 184f 51 22*5 i 26*7 

Ramsgate, II]‘q®, S. pier It. F'. ... 51 *9*7 * *5*5 
Sandown Castle, cent 5* *4*3 * *4*? 

“ Goodwin” It. v.,JV’-d,T, 3 F. 1 . .. 

42f. 3#, gong j 5* *9 5 * 35 5 

■ ** Gull Stream” It. V. W-d, » , { r 

R.20sec.,36f.*gong j 5* *661 285 

Safety beacon 51 14*7* 33 ‘7 

“S. Hd.” S. pt. lt.v. 

13, F 38f. # gong j ^ * I 

S. Foreland, 2 Its. S78nV | 1 

1347f. F 372, 2W. t 5' 841*25! 

Dover. [3'jf (It IFrGOf. 1 of.) Castle 51 7*81 19*5 

Folkstone ffltf, (It. F- or fl. 4.!! , ..-o 

Dungeness It. F 92f. 50 55*0 0 58*2 

VarneShl.lt.v.ir.d.J(5R20*,30f. 50 56-2‘i 16*2 

N. pt._4 51 o I 22 

Ridge Shi., S. pt. ^ 5° 49 * *7 

N. pt. 6 50 56 1 23 



Rye, Sl'o^ (2 Its., N. ent, N 34° 1 
W420f.F26f.orfl.Tof.),Ch. / 


50 57*0 0 43*5 


5° 5«-5o 360 

Beachy Hd., It. R 2"' 285f. ... 50 44*40 12*7 1 
Newhaven, E3'^ Wpferlt, F28f. 50 47 o 4 * 

West 

Brighton, pier It. Fff 35f. 5° 49 o 8 

Shoreham, CSU*, 21ts. N1 °E\ „ a. 

750f.F 42f,^’23f,nf } 5° 3° ° 

<< Owers” lt.v. J5-d. IT, F38f. 1 

Selsea Bill, high ho 50 43*80 48*5 

Chichester. Ch 50 50*2 o 46*7 

Portsmouth, R. N. Coll., ^1*' 50 48*0 i 6 
” Calshot” lt.v, T R !"*,♦, gong 50 48 i 16 
Southampton, St. Mich, spire 50 54*0 i 24*2 
Hurst, 21ts. N38°E 750f., F 76t\ 50 4* *4 * 32*7 

Cowes Castle 50 46*0 i 17*7 

“Bembridge”lt.v.T,21te. FI 5042-21 0-5 

St. Catherine’s Pt. It. F 178f. ... 50 34*5 i 17*7 

Needles It. F 80f. 50 39*7 i 35*5 

Christchurch, E", N. entr 50 43*9 i 44*2 

Poole, Branksea Castle ... 50 41*7 i 58*0 

St. Alban’s Hd 50 35 2 3 

Weymouth, CD’.*, It^ F' 23f. 1 g.g g 

jetty fort / 5“ 3“ " ^ ° 

Portlimd. 21ts.N53°W1509f.\ 

F 207f,145f. I 50 314* =^6-7 

Bridport, SI entr 50 42*7 z 44* 5 

Exmouth, 53^ 50 37 3 23 

Torquay F*^ It. 15f. 50 28 3 30 


Berry Hd., 11. st 

Dartmouth, 3 Its. F 

Start Pt. It. FI. 1“ 204f 

Prawle Pt 

Salcombe, Fort Charles ... 

Bolt Hd., 430f., 11. st 

Eddystone It. F 72f. 

Plymouth, Wl, Mt. Wise, 11. st. 

brkw. W. end, It. F**. bell 

Rame lid 

liooe Id. sum 

Fowey, 10, Castle 

Gribbin’s Hd. beac. 324f. 

Deadman, 379f. 

Gerran, spire 

* Falmouth, 0i, Pendennis Castle 

St. Antony It. I 20* 65f. 

Black Hd., d. st 

Manacles, sum 

Lizard, 2 Its., F N72"E, 224f. 1 

W. one, 232f. / 

' St. Michael’s Mt 

’ Penzance, E, It. pier, F'at Tof. 

St. Leven's Pt., d. st 

; Rundlestone beacon 

iWolfrlc. It. to be 

> 1 Longship’s It. F 88f. 

“ Seveti stones” lt.v. E-d. 40, ) 

I 2 F 3Hf. 2 f gong j 

^'St. Agnes, It. li 1“' 138f. 

j LSt. Martin’s, Day Mk 

I I St. Mary’s, d. st 

“ Bishop rk. It. F. llOf. 

C. (’ornwall 

St. Ives, Eo, Steeple 

Godrevy Id. j, sum 

St. Agnes, beac. 62 If 

Trevose Hd., 2 Its. F 20 If. 1291’. 

Padstow, E, Ch 

Pentire Pt 

Tintagel, Ch 

Hartland Ft.^ 1, 330f 

Lundy R. ^ 24m,, 21ts. I 2“‘ ) 

• 54()f., F 470f. 1 

Bideford E, or Braunton Its. ) 

S70' E 933f. F86f. 40f. ...) 

Mort Pt 

Ilfracombe, E^f, It. F*" lOOf, ... 
Bridgewater, E or Burnham, ) 
" 2 Its. S70*’W 3c, 1 4«" 91f. } 

i F 23f. ) 

i Flatbolm I., S. pt. lO.F 156f.... 
i ” English and Welshgrounds” 1 
lt.v, T, 11 1"‘ 38f. gong, j 
Great Hangman Hill, 11 60f. . 

Bristol, E, Cathedral 

Newport, E, Usk It. F 39f. ... 

C-ardid", Custom ho 

Nash Pt 2 Its. N85°W, F lG7f. 

Mumbles It. F 114f. 

! Swansea, E, pier It. F*" 28f. Tf. 

Worms Hd.,i, 164f. 

Pembrey, E, It. F 35f, 1 of. 

CaldyI.,fi|g-lim.S.pt, It. F ) 
210f. f 


5o°24' 3°28' 
50 ax 3 33 

50 *3*4 3 38-5 

50 12 3 43 

50 19*3 3 48-0 
50 13*23 48*7 
50 10*9 4 *6'o 
50 22*0 4 10*2 
50 20*3 4 9-5 

50 19 4 13 

150 26 4 27 

50 19*7 4 38.7 
50 19*1 4 40*2 
50 13 4 48 ■ 
50 10*74 58*7 
50 8*8 5 2*7 
SO 8*3 5 1*0 
50 0*4 5 6*5 
50 a*6 5 2*7 

49 57*7 5 *a‘c 

50 7*0 5 28*5 

50 7*15 3i‘S 

50 2*3 5 40*7 

50 1*1 5 40*1 

49 56*7 5 48 ? 

50 4*1 5 44*7 
50 3 6 7 

49 53*6 6 207 
49 58 06 160 
49 55*06 19*0 

49 52*46 267 

50 7.7 5 44'5 
50 12*8 5 26*5 
50 14*6 5 24*0 
50 i8*5 5 13-0 
50 33 5a 
50 32*54 50*0 
50 35*44 55*7 

50 39*84 45*5 

51 1*44 3**5 

51 10*1 4 40*2 

51 4*5 4 *a’o 

51 11*44 *3*7 
. 51 12*84 7*0 

51 15*03 0*0 

, 51 22*6 3 7*° 
51 26*72 58*0 

51 13 3 59 
, 51 26*82 35*5 
, 51 32*42 59*7 
51 28*63 10*0 
51 24*03 33*° 
51 34*0 3 58*? 

51 37*03 56° 
. 51 34 4 
. 51 40*74 

51 37*94 
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MARITIME POSITIONS 


St. Govan'a Hd., 142f. 

St. Ann’s Its. N41^W 610f.,\ 

2F 192f. 159f. i 

MUford, m,Ch 

Pembroke Dk. yd. NW corner 
j Smalls Ss. NS 2c., It. F 65f.... 
Grasholm I., 3c., sum. I46f. 

1 Ramsey I., NS l^m., sum. 444f. 
j South Bishop rk., It. R 20* 144f. 

1 Strum ble Hd 

Precelly Top, I754f. 

, Cardigan I., ^ 4c. sum. 195f. 

1 Steeple 

Aberystwith, Ey, It. IF, Castle 

f I Cader Idris, 3549f. 

: i Snowdon, 3580f 

I Bard.sey I., l^rn.. It. F 129f. 
Caernarvon, Ey, It, F'50 f. .... 

S. Stack It. R l i™ 201f 

Holyhead, E, It. F 44f. bell ... 
Skerries, ^ l|m., It. F 

' Pt. Lynas It. FI. 10* 128f 

j Beaumaris, E 

Great Orme’s Hd., It. F. 325f. 

IPt. of Air, It. F42f. bell 

NW. It. v.,T, R. 36f, #, bell, ) 

61. It. every 2^ j 

Formby It. v., F, # 

’ Hovlake, 2 Its. S11°W 1200f. 1 
S F 55f., 31f f 

^ Bell beacon 

t , Bidston It. F 228f. 

I Leasowe It. F 94f, 

« I Black rk. It. R' ** 1™, bell 

S j Liverpool, E, St. Paul’s Ch. ... 

^ I Observatory, f 

a ' Crosby It. F 

B Formby SE. mark 

Rosssell sea mk 

Wyre, It. F 30f. bell 

Fleetwood, Eo, 2 Its FS26°E \ 

850f. NW extr / 

Lancaster, Castle 

- Walney I., 7m., S. pt. It. \ 

111"' 70f.]ij^r J 

Black Comb, 1919f. 

'S. pt.. Calf, 2 Its. N21°W\ 

5 ! 5G0f. R 2"' 375f. 282f. / 

^ Castlcton, It. F 22f. 

^ Douglas, It. F 104f. 

N. pt., Ayr Pt., It. 2™ 106f. 
B Beel, It. F 2 If 

St. Bees Hd. It. F 333f. 

Whitehaven, E®*, 2 Its. S49°E \ 

24c. R 2"' 47f. F 

Harrington, E, pier It. F 44f. 8 f. 
Workington, E, 2 Its. N63°E ) 

1074f, F 53f. at Tf. / 

Maryport, E, S. pier, F 52f, ... 


Lat. N Lon.W 

51 ° 

3 S' 84 ° 

55'5 

51 

41-05 

lo-s 

51 

42*7 5 

1*5 

51 

41-84 

57*2 

51 

43*3 5 

40*0 

51 

43*9 5 

28-7 

51 

51*75 

20-t 

51 

51*45 

24-5 

51 

52*95 

i6-o 

52 

1*7 5 

3*5 

51 

56-84 

46-2 

52 

7*94 

41*5 

52 

5-24 

39*5 

52 

24*94 

5 *? 

52 

42-03 

54*5 

53 

4*14 

4*5 

52 

45-04 

48-0 

53 

8-54 

24*7 

53 

i 8‘34 

42-0 

53 

20-04 

37*0 

|53 

25-34 

36-5 

53 

25-04 

17*2 

153 

15*94 

5*2 

53 

20-0 3 

5»*2 

53 

21-9 3 

19*0 

53 

29*5 3 

20-0 

S 3 

31*7 3 

10-7 

53 

13*7 3 

II-O 

S 3 

31*23 

15*5 

S 3 

24*13 

4*7 

53 

24*93 

7*7 

S 3 

26*7 3 

2*7 

53 

24-6 2 

59*5 

53 

24-83 

0*0 

53 

31*43 

3*5 

53 

32*33 

4*0 

53 

55*23 

3*0 

53 

57*3 3 

1*7 

53 

55*63 

1*0 

• 54 

3*0 2 

48*2 

54 

2-Q 3 

10*5 

• 54 

15*53 

19*5 

54 

3*2 4 

50-0 

- 54 

4*44 

39*0 

■ 54 

9*04 

28-0 

• 54 

25-04 

22-0 

• 54 

13-64 

42-0 

■ 54 

30-83 

38-0 

54 

33*2 3 

35*7 

• 54 

36*73 

34*2 

54 

38*93 

34*5 

54 

43*0 3 

30-5 


Lat.N L011.W 


Solway Firth, It. ▼. F*^ f, bell... 54047^7 3* 

Carlisle, Cath 54 53*82 

\nnan, Ch 54 59*2 3 

Southemess r4 52*4 3 

Ross I. FI. 5* 175f 54 46 4 

Burrow Hd 54 41 4 

Mull of Galloway, It. I 3"' 1 -I 

3ifif. : J 54 38-14 

Port Patrick, E, It. F 38f. 54 50* 3* 5 

Corsewall Pt. It. 11*^2"' ITif. ... 55 0-5 5 

Lough Ryan, 03, It. F 30f. 54 58*5 5 

Stranraer, EJ2» Ch 54 54*5 5 

Ayr, E**, 3 Its. S84°E 850f. \ ^ 1 

Ailsa Craig, 1098f. 55 15 *2' 5 

“ Pladdalts. 2F I30f., 77f. 55 25*6,5 

Ardrossan, E'f®* B. F 55 387 4 

Irvine, E, Ch 55 36*8[4 

Cumbrselt. F 115f. 55 43 4 

Greenock, spire 55 56*9 4 ^ 

Port Glasgow, 03, basin 55 56*2 4 < 

I Glasgow, new bridge 55 51 ‘9 4 

Campbelton, E, It. F' 12f 55 25-05 

» Mull of Cantirc, It. F 297f. 55 18 5 

Heu Tuirck, lolGf. 55 34 5 

,Maol Na Ho, Dun Ard 55 35 6 

dlhiiinsof Isla, It. on Oersal. I £ 

! Fl. 5* I50f. } 55 40 6 

I Coloiisay I., ^2. N pt. ... 56 8 6 

Oban, Church 56 24-5 5 

^ jLismore 1., 9m., It. F 103f. 56 27-5 5 

’ •Fort William 56 48 5 

Ben Nevis, ‘13G8f. 56 48 5 

Dubh Artach rk 56 8 6 

Iona I., 3 m., W pt 56 18*7 6 

I. of Mull, Caliock pt 56 36-46 

Ben More; 31G8f 56 25-5 6 

Skerryvore rks., It. R 1“ 150f. . 56 19-47 

iTirey I., 7;^- 11m., S extr $6 26 6 

•Dubh Sgcir Rk 56 31-5 7 

Coll. lUm.,N& E pt.,rks. 56 41-56 

iMuke Id., Innerah Pt 5^ 50 6 

iRum 1,, NS 7m., S pt 56 56-2 6 

1- Wpt 57 0*56 

Canna L, Im., W pt 57 3 6 

Skye I., Neist Pt 57 ^5'^ b 

Dunveggan Hd 57 30-8 6 

_ Fladdachuau islet, N end 57 44*8 6 

Skeir Grartich 57 47' 1 6 

Ilu llumsh 57 4^ 5 6 

RuRea 57 5* 65 

illu Coygach 5^ 6*5 5 

{Ru Stoer 5^ 5 

IHaiida 1., [I J"*], 400f. sum. ... 58 23-0 5 

\ iBulgie I., [im.J, 14Gf. 58 3=^*7 5 

j C. Wrath, It. 2m. 400f. ... 58 37*54 

; Far-out Hd 58 36-2 ^ 

[ !Roan 1., % llm., mid 58 33*3 j 

^ 'Strathy Hd 58 36 0 i 

! .Thurso 58 33 

I iHolburn Hd 58 35 

' IDunnet lid. It. F 346f 58 40-4 

: I Duncansby Hd 58 39 


56 8 6 9 

56 24-5 5 28 
56 27-5 5 36 
56 48 5 5 
56 48 5 o 

56 8 6 38 

56 18-76 26-7 
56 36 46 19 
5625-56 0*7 
56 19-47 7 

56 26 6 55 
56 31-57 27 
56 41-5 6 27 
56 50 6 i6*5 

56 56-2 6 19*5 

57 0*5 6 27-2 
57 3 6 36-5 
57 25*26 47*2 
57 30*8 6 43 
57 44-8 6 26*5 
57 47-1 6 28 
57 42-56 21 

57 51*65 48*7 

58 6-5 5 26 

58 16 5 22 

58 23-05 11*7 
58 3275 7 

58 37*54 59*7 
58 36-2 + 4, 0 I 
58 33*3 1 i 9 *t 
58 36-04 9*5 

58 33 3 31 
58 35 3 ' 

58 40*4 ] 21-2 
S* 39 3 I ’ 
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TABLE 10 


MARITIME POSITIONS 


Pentland Skerries, \ 1 

Its. N Pt., 2F 140 f. 170f. j 

Barra Hd., it. I 3™ 680f 

Barra I., N pt. of Fiaray 

Eris Kay I., NS 3m., S end .... 
S. Uist I., NS 17m., E pt. I 

Ushinish It. F' 176 f ) 

Ru ard Vula, W p 

Monach Is., EW 4m. 2 Its. FI. \ 

and F' 150f- & 62f j 

Haskeir Is., N Loch, 120f 

N. Uistl., EW 15m., W. pt. . 

Berneray I., ^ 3m., N pt 

Pabbay I., EW 2m., S pt 

Scalpay,GlasI.EW2.>i.lt.F130f. 
Shiant Is., Im., NW one, W end 

Stornaway It. R i"' 56f. 

Chicken lid 

Tiiimpan Hd 

Butt of.Lewis, It. F. 170f. 

Gallon Hd 

Scarpa I., W. pt 

Rona, I., SE sum. 360f. 

Sulisker I., S. sum 

F^annen Is., NW. extr O 

St. Kilda, pk. 1220f. 

Rockal[2c](ark.N73^E,l*7m.) 

Old Hd I 

Kirkness 

Grimness Hd 

Burra Ness 

Roseness 

Mull Hd 

Kirkwall, It. F 22f, 

Brough of Birsa, |m 

Stromness, El'*, Ch 

Copinsha I , Im., mid 

Auskery I 

Stronsa I., ^ 7m., Lamb Hd. 
Sanday I., ^ 11m., Tresness... 

Start It. F'^ lOOf. 

Taftsness, pt 

N, Ronaldsay, I. ^ 3m., E pt. I 

Stromness, or S. pt. 

Runebrake shl 

Moul Hd 

Noup Hd 

Sacquoy Hd 

Stour Roray 

S. pt. or Brimnes 

Fair I., 2m. A, j, sum 

Sumburgh Hd., It. F 30()f. ... 

Mousa I., % l^m., sum 

Bard Hd 

Lerwick, fort 

Noss Hd. 577f 

Halsey I., ^ 5m., S. sum. 376f. 

Brury I., N. sum 

Burra Voe Ness 

( Fetlar L. 6m., E. pt 

Balta I., NS liin.. S. ^t 

N. extr. outer stack rk 

Glou)> Holm, 3c. sum 

Uya, or NE. pt 

Roeeness hill, 1476f. W. end ... 
Ossa Skerry, rks. ^ 4c 


Lat.NLon.W (6) 
58°4i'V‘’55'o ] 


56 47-1.7 39-2 

57 4 7 16-7 

57 3 7 17-5 

57 18 7 i '-5 


57 42-3,7 
57 36-2:7 
57 44 7 
57 45-.3 7 
57 5 '-46 

57 54-56 

58 iJ*5i6 
58 10-8 6 
58 i 5-7|6 
58 30*8|6 
58 14-67 


Esha Ness Skerry 

^ Fugloe Skerry 

'S Vc Skerries, Im., mid. 

Skehla Ne.ss 

Fitficl Hd., 929 f 


1 

59 7*c 5 48-5 

59 5*4 

6 8.7 

58 13 

7 37 

57 49*0 

8 34*7 

57 36 

13 4 ' 

58 44*3 

2 55*5 

58 48*2 

2 54*5 

58 49*4 

2 52*2 

58 51*4 

2 51*0 

58 52*5 

2 49*5 

58 58-6 

2 42*0 

58 59*2 

2 57 *? 

59 8-2 

3 20*0 

58 57*8 

3 17*5 

58 54 

2 40 

59 2 

2 34 

59 4-9 

2 32*0 

59 ’3 ^ 

2 28*5 

59 i6'6 

2 22*0 

59 18 

2 25 

59 23 

2 24 

59 20 

2 26 

59 21 

2 37 

59 23-0 

2 53 

59 2c*o 

3 4-0 

59 J2-0 

3 4*2 

58 52-4 

3 25*5 

58 46-4 

3 * 3*5 

59 33 

1 38 

59 51*3 

I 17-0 

60 0 

III 

60 6- 1 

* 4*5 

60 9*4 

1 8-7 

60 8*3 

I 0-5 

60 20 

I 0 

60 25*7 

0 

6 

60 29*5 

!l 2*0 

60 36*2 

0 46*0 

60 44*4 

0 47*7 

60 51*5 

0 52*5 

60 44’2 

I 6*5 

60 37 

I 26 

60 32 

I 27 

60 33*0 

1 * 35*5 


Foul I., ^ 3m., ^ sum, 1369f. 

Monk rk 

Suderoe I., % 51., S. pt 

Grt. Diamond 

Myggenoes 1 .. EWlm. W extr. o 
jWaderoe I., % 41., N pt. ...Q 
iFiigloe I., NS 2^m., E pt. ...o 
jNal.soe 1., % 5m., S pt 

I N pt 

iThorshnvn, hill N of fort ... 

■Haldervig Church 

Noss lid. 577f. It. Ri"> 175f. .. 

Ord of Caithness, needle 

Tain, Lt],«, spire 

Tarbetness, It. I .3"' 17 5f 

Cromarty, spire 

I Cromarty Pt., It. F"^ 50f. 

Fort George 

Chanonry Pt. It. F 40f. 

]nverne.s.s, 0^1, jail 

Burgh Hd 

Coversea Skerries It. R !•" ICOf. 

Cullen, Castle hill 

Banff, Elo, N. pier, H. F^ 80f. 

Troup Hd. pt 

Kinnaird’s lld.lt. F""120f. 

Fraserburgh, 2 Its. F‘ 16f. 34f. 

Rattray Pt 

Peterhead, S. El**. Keith Inch 

Buchanness It FI. 5* 130f 

Aberdeen, (Its. .S55°E, 1 

690f. F*- 47f. ) observ j 

Girdleness, 2 Its. f. 

Stonehaven, EJ", 2 Its. F'-24f. 1 

P^el 1 eressoe 1 8 f. | 

Montrose, 2 Its. S88°E 1 

91 Of. F-- GOf. .35f ) 

Red Hd., 255f 

Arbroath, E, It. F*-, Abbey 

Buddonne.ss, 2 Its. N49°Wl 

1122f.F85f.G5f. / 

. I Port-on-Craig, 2 Its. S88'"E1 

I i;V2lf. F80f. 25f ) 

Dundee, 33, Its. N80°W 390f. 1 

2F'J2f. / 

Bell rk., It. R^r 2™ 90f. bell ... 

St. Andrews, E, Ch 

Fifeness, 11. st 

May 1. 4}^ Im., 2 Its. Sl^Wl 

750f. F 240f. 11 Of. / 

Leith, E, pier Its. S22°E 1 

1500f. F lOf. ]?•• ] 

Edinburgh, Obs 

Inch Keith It., R 1'" 220f. 

N. Berwick, Ch 

Bass rk 

Dunbar, Ei, Ch 


Lat. N Lon.W 

60® 28^5 1° 37^2 
60 20*4 I 45*0 
60 22*5 I 49 

60 8*8 I 28*0 
59 54 I 24 

> 60 9 2 6 

61 20 6 41 

61 25 6 41 

61 43 6 40 

62 6 7 37 

02 24 6 31 

62 20 6 13 

61 57 6 39 

.62 3 6 39 

62 0-76 45-2 

62 i 8*3 7 8 

58 28 3 4 

■ 58 IO’2!2 31*0 
' 57 48 - 7;4 3*2 

• 57 50*9 3 48*5 

• 57 40-7,4 0-0 

. 57 41*04 2*0 

■ 57 35’i'4 4-5 

• 57 34-5.4 5*5 

■ 57 28-64 13-5 

• 57 42*i|3 30-0 

• 57 43-4,3 20-2 

• 57 41*42 49*5 
57 40-3,2 31*5 

. 57 41*7,2 17*2 
. 57 41-7,2 1*5 

57 4i*9'2 o'o 
- 57 37 49 

57 3o*i!i 46*0 
. 57 28 ji 46 

57 8*9|2 5*7 
. 57 8*2 2 3-0 

56 58 *012 12*7 
56 42*5 2 28*0 
. 56 37 2 29 

• 56 33 * 7 » 35'0 
56 28*12 45*0 

56 27 2 49 
56 27*62' 57*7 
. 56 26*02 23-0 
56 20*42 47*5 
. 56 16-72 35*® 

56 ii*i 2 33*2 

55 58*9 3 

55 57*4 3 ”*® 

56 2*0,3 8-0 

56 3-4:2 43*2 

56 4*7|2 38*2 

55 59 ‘ 9 |^ 3 ''® 


* By Sir L. M‘OIi.atock’s observations in x86o the longitudes of the Fnero la. should be alwt 2' more to tho 
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MARITIME POSITIONS 
Lat. NlLong. I (8) Places 


St. Abb's Hd., sig. st 

Eyemouth, Ch 

Berwick, 1X1^,?, It. F 44f. F', Tof. 

• Spire 

Holy I., Castle 

Fame Is., 2 Its. N36 W TiGOf. ) 

R 30% 87f. F 45f. i 

Longstone It., R' 30* 75f. 

Cheviot hill, 2G58f 

N. Sunderland Pt., mill 

Coquet 1., It. F 83f. 

myth, mS, It. S, 2 F 

Tynemouth, It. R 1™ 154f. Castle 

N. Shields, S, Ch 

' Newcastle, bridge, N end 

Sunderland, DQ, N pier It. F. ) 

S pier F, SE. Ch | 

Hartlepool, pier Its. F', 1 

F, Ch f 

Seaton, El, high It. F 89t*. 

Tees River, entrance 

Stockton, Ch 

Redcar, Ch 

Whitby, El, It. F 83f. I 

Scarborough, El", It. F' 5Hf. ...j 
Flamborough Head, It. R‘^*r) 

2« 214f. j 

Bridlington Quay, Mill, [II" ... 

Hull, citadel 

Killingholme, 3 Its NG7'W, i 
outer j 

Spurn Its., N6G°W 2F ) 

93f.r 54f. ) 

‘‘ Spurn" It. V., « , R 1" 38f. 1 
^ gong ) 

Inner Dowsing, beac 

" Dudgeon " It. V. 8 , F 38f. | 

gong )' j 

"Lemon and Ower " It. v. { 

i«, R 1"*, F, 2*, gong f ! 

Smith’s Knoll, % 7m., 4 , S pt. 
" Lynn’sWell’Mt.v., w, I R, [ 
35f. f , gong ) 

, Hunstanton Pt. It. F 109f 

Cromer It. R 1“ 274f 

" N, Ilasborough," It. v., 1 
N-d.f 15, 2F38f. t, gong ) 
Hasborough Its. N71^W ^m., i 

2F 137f. lOOf j 

Winterton, It. F 

" Newarp ” It. v., 3F gong 3f . 
" Cockle ” It. V., E-d, 7 , R I 

I"* 3Gf. gong j 

Yarmouth, ESi spire 

Lowestoft, 2 Its. N28 W 5c. 1 

F 45f. 119f f 

“^.Nicolas Gat” It.v., N-d. i 
10, 2F 38f.M4f * #, gong, j 

Corton It. V., Ts, IL gong 

Pakefield It. F'68f. Kessingland 


Lat. N 

Long, i 


West 

55 ° 55 ' 

2° 8' 

55 5^*3 

^ 5*5 

55 46-2 

2 0*0 

55 45 ‘» 

1 59-0 

55 4 o*a 

I 47*0 

5; 37-0 

» 397 


. ♦ 

55 38 7 

* 36*5 

55 ^9 

2 9 

55 347 

I 387 

55 -o-i 

I 32-1 

55 7*5 

I 30*0 

55 **3 

I 25-0 

55 07 

I 26 7 

54 58-7 

> 35*5 

54 54*5 

1 21*5 

54 41*8 

I 10 7 

54 40-3 

I 12-2 

54 37 ‘» 

I 87 

54 34-0 

I 187 

54 36-9 

I 3-5 

54 i 97 | 

0 36 7 

54 17-00 23-5 

6 

0 

6 

54 5 -a 

0 11-7 

53 44*6 

0 20-0 

53 387 

0 12*7 


Southwold, Ch 

Alborough, steeple 

Orfordne.ss Its., N36°E 7‘2c. ) 

2F 83f } 

Orford, steeple 

Landguard Fort 

Harwich, Ef‘, Its. N62°W ) 
680f. 2F 45f. 25f. \ 

Walton, tower 

Outer Gabbard, NS 2 m., N j 

pt., buoy rw "s ) 

Inner Gabbard, 5m., buoy, \ 

blk. 7t ) 

" Galloper,” 5m., It. v. ) 

_ W-d. of S end , u 2f 2F 3Gf. f 
"Shipwash” It. V., N pt., 1 

{> F 3Hf. gong j 

" Cork ” It. V. 4^; R 38f. | 

gong f 

" Kentish Knock ” It. v. '( 
E-d. 72, R38f. 2^, gong f 
' " Sunk ” It. V., E pt., 11, F ) 

3Gf. ♦. gong ) 

" Swin Middle” It. v., W pt. ) 

T R l'“ gong f 

Mapliu. SE pt., F'3Gf. bell ... 
"Mouse.” It. V. 5,) 

R .38f. ^ gong j 

Note It. V.. see (1)1 


East 

53 3470 7 *? 

53 34’oo 13*5 ^ 

53 18-40 33*2 I 
53 15 20 56-2 ^ 

53 8-52 1*5 ? 

52 48 2 14 J 

53 1-70 25-0 

52 571 o 29-7 _ 

52 55 7 I 19 0 

52 58-0 I 357 

52 49*4 1 32-0 

52 43*c I 41*0 
52 45-41 527 

52 41-6 I 47*0 
52 36*8 I 43-7 
52 29-3 I 45-5 

52 31*2 I 47 

52 31-1 I 50-2 
52 247 I 43-8 


- Cape Clear, I. 3m., SW ( 
point ) 

Fastnet rk., 92 f. It. R 2'" 148f. 

Crookhaven, El, N entr. It. | 

F G7f ) 

Mizen Hd 

g Sheep Hd 

jP Bear llavcn.l^J. Bear I., sum. I 

. ) 

t: Hungry Hill, l^lf. 

o Bantry, Ch 

ir 

^ Roancarrick I., It. F 55f 

w Calfrk., It. FI. 15 sec. 136f.... 
-- Bullrk 


Cod’s Ild 

Scarrilf I., summit. 
Bolus Hd 


Skellig.s, 2 Its. S18°E 650f. ( 

F 372f., 173f. ) 

Bray Hd 

Valeutia, Cromwell’s ) 

Fort, It. F 54f 1 

Great Foze rk 

Tearaght rk. It., building 

Grt. Blaskett, 3m,, N pt. ... 

Brandon Hill, 312Gr. 

Tralee Lit. Samphire L, It. 1 

F 56f J 

R. Shannon. Kerry Hd. ... 

Tarhert It., F 58f. 

Limerick, Cathedral 



Kilcradan It., F' 133f. 

52°34'8 

9°42^'5 

Carrickfergus, ESjJ 

Loop Hd., It. F 277f. 

^2 33-6 

9 56 

Belfast, t2‘o‘*, spire 

Ballard Pt., Tower 

52 44 

9 37 

Divis, Mt. 180bf. 

Hags Hd 

57 

9 28 

Copeland It. F 131f. 

Arran Is. Eeragh I., It. R3m. | 
115f. i 

53 9 

9 515 

Donaghadee, It. F' 56f. ... 

« S. Rocks It. R 52f. 

Inisheer I., It. F llOf. ... 

53 i‘8 

9 31*7 

< Ardglass, It. F» 

Black Hd 

53 9 

9 16 

Downpatrick, |t0, Cathedral ... 

Galway, ffl. Mutton 1., It. 1 

F 33f. j 

53 

9 3*^ 

^ St. Johns Pt. It., P 1™ 62f. ... 
^ Slievc Donard, 2796f. 

Skird rks., Im. Skirdmore ... 

53 15-3 

10 0 

Carlingford, E2*]*, It. R ib' 29f. 

Slyne Hd. 2lts. S18°E 415f. I 
R3 wt^ 2“ I26f., F115f. ... j 

53 M'o 

10 i4'o 

Block hoiLso I., 2 Its. F lOlf. ) 
E, ^ bell j 




Inishark Hd 

Clare I., N pt. It. F 340f. 

Inishgort It. F 36f. 

Westport 

Newport, 23 

Bills rk 

Achil Hd.. 2222f. pt 

Black rk. It., R 283f. 

Eagle I., z Its. N49°E 395f. I 

F 220f. ) 

Erria Hd., 

Stag rks., Nst 

Downpatrick Hd 

Killala, m 

Ballina, 23, spire 

Sligo Black rk., It. F 74f 

Innia Murray, 1. W end 

Bally shannon, [2 '32, Ch 

Donegal, 

St. John’s Pt. Killibcgs It. | 
F 98f. j 


53 36 10 18 

53 49*6 9 59 
53 49’5 9 4o-a - 


Ncwry, Ch 54. lo’o 

Dundalk, It. FI. 15* 33f. . 54 o’sl 

Clogher lid., pt 53 47*6 

Drogheda, 3 Its. IF, bridge 53 4Z’8 
Balbriggan, It. F 42f. S3 36*8 


54 


54 6-6 9 9*5 
54 18*5 8 37 
54 25-7 8 40 
54 8 117 

54 39‘5 8 7 


10 12*7 

Rockabil Is., 2 rks., It. Fl. 12‘ 1 

10 15*2 

148f. j 

10 19-2 

^ Lambay I., sum 


.S Howth Bailey It. F 134f. 

10 5*5 

§ Dublin Observatory 

10 0 

^3 Poolbeg, 2 Its. F 

9 47*7 

Kingstown, E It. R'*, 'i"41f 

9 20 7 

Kish It.v. N-pi. lOjR.ev.min. 1 


54 10-6 

6 197 

54 o's 

6 24- 0 

53 47'6 

6 13 

S3 4^i’8 

6 15 

S3 36*8 

6 10*7 

53 35*8 

6 07 

53 ^9*6 

6 10 

53 ^^7 

6 30 

53 23-2 

6 2C'5 


Rathlin 0 Birne Is., It., F. ) 
116f. 1 

54 307 

8 50 

Dawros Hd., pt 

54 49'^ 

8 34-0 

Aran I., Rinrawros It. Fl. 2,33f 

55 0*9 

8 33*5 

Stag rks 

55 4-6 

8 29*0 

Bloody Farland Hill, 1059f. ... 

55 8-2 

8 157 

Tory I., % 2‘5ra., It. on N 1 

<fc Wpt. F 12r>f. ) 

Horn Hd., E sum. 82 If 

55 16-5 

55 ^^’5 

8 15 

7 57*2 

Melmore Pt., tower 

55 15*2 

7 47*^^ 

Limeburner Shi 

55 18 

7 4* 

Fannet Pt. It. F' 90f. 

55 

7 37*7 

Buncrana, Ch 

55 8-1 

7 277 

Dunaff Hd 

55 17-1 

7 32 

Malin Hd., tower 

55 22-8 

7 22-2 

Innistrahul It. R 2"* 167f 

55 ^5*9 

7 137 

Slieve Sneacht, 2009f. 

55 

7 20 

Innishowen Hd..2 Its. SG2'^E ) 
460f. F 67f. j 

55 13-8 

6 55*5 

Londonderry, El, Cathedral ... 

54 59'6 

7 19*5 

Portrush, [3f^, pier 

S5 ia'4 

6 39-2 

Giant’s Causeway, pt 

55 H*7 

6 307 

Rachlin 1., 2 Its. R. ev. min. ) 
24df. F 182f. j 

55 *7*6 

6 117 


^ Fair Hd., sum. 643f. ..j^ 

5 Torr Pt., rk 

Knocklayd, Mt, 1675f. 


Maiden rks., 2 Its. NSd^W ) 
1920f., W It. F 94f. 84.f. } 
Black Hd 


Grt. Sugar Loaf, lC51f. 53 9*z 

Codlingbank It.v. s Hr20*39f. g- 53 4*5 
Wicklow Hd., It. I. 13 sec. ... 52 57*9 
ArklowNlt.v.,21ts. F38f. 22f. 52 53-2 

S It. V., R 39f. gong 52 40’ 8 

Wexford College, tower 52 zo'i 

Blackwaterbk. It.v. F33f. gong 52 30*2 
Tuskar rk. It. 2™ lOlf. bll. 52 12*1 

Carnsorc Pt 52 io‘3 

Stiltecs, or Cunnibcg, It. v. ) 

5 S’d.f 30, 2 F 38 f. f gong . ) ^ 

< Hook It. F 1 r)2f. 52 7*4 

a Waterford, bridge 52 16 

^ Duncaniion fort, 2 Its. F, vert. 1 

* lOf.dist }5*«3 7 

Dunmore, [2, pier It. F' 44 f. ... 52 9 
Brownston Hd. 102f. 2 tow. ... 52 7 

Helwick Hd 52 3 

Dungarvan, Ballinacourtypt. 1 

It. F 52f. w, j 5a 4 7 

_ Minehcad It. In. 1“ 285f. 51 59*5 

Ballycottin I., It. FI. 10» 195f. 51 49*5 

Youghal, Ca, It. F. 78f. 51 56-4 

Roche pt., 2 Its. RF' 92f. 60f. 51 47*5 

. Haulbowline I., tower 51 50’5 

^ Cork, Custom house 51 53*8 

Qq Barry Hd 51 42*1 

Charles fort, fl. st. It. F 98f..., 51 4r8 
Kinsale,®, Old Hd. It. F 236f. 51 367 

Seven lids., Telegr 51 34’^ 

Galley Hd., S pt 51 31*8 

Stags, off Toe Hd., large rk.... 51 zS'i 
Baltimore, [2 51 219 

0 

S Dunkirk, [2, It., R, 1“ 194f. 51 3*1 

1 2 Nieuport, ffi, It. F' 96f. ) ..5 

3 (NW of Town) \ 5' 

iS Ostend, m, 4 Its. E one F, 189f 51 I4’3 
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MARITIME POSITIONS 
Lat. N I Lon. E | (12) PI 


f. Blankenberg, It. F 44f 

S Heyst, It. F 48f. 51 20-4 

% Flushing, SI, It. F 49f. 51 26*4 

« W. Kappel, It. F 144 f. 51 31*8 

Middelburg 51 30*0 

Schonwen, W. end of I.,lt. \ 

R,2®105f. 1 5* 42-*6 


Antwerp, [ 


Brielle, SI, Ch. 
Rotterdam, SI, Gath... 


Katwyk, Coast It. F 82f. 


Alkmaar 

Zandvort, It. F 56f. 


Helder, ® 

Texel I., Urn 
Medemblik, Ch., 


Amsterdam, W. steeple 
Haarlem, Grt. Ch. tower , 


Ameiand, beac. 


Rottum I., beac. ... 
Borcum It. B\ 142 f. 


Bremer or Weser It. v.. 


Helgoland, I., It. F 258 
Ell^,, outer It. v. r fl. F 38f, 
IT, bell, gun 


Newark I., 2 Its. % ^m., 1 
F 128f, 60f. j 


Gluckstadt, pier It. F' 24L ■ 


Hamburg 

Horn Pt,, rf., outer .shl. 


Hirtsholmen, It., I 30’ 43f. 


Lessoe I, ^ 10m., Byrum C 
Anholt I. E. pt., It., I A'" 
122f. .. 


51 

30*0 

3 

37*0 

SI 

42*6 

3 

41*7 

SI 

29*7 

4 

17*5 

51 

49*2 

3 

58*5 

51 

13*2 

4 

24*2 

51 

49*2 

4 

8*0 

51 

54*2 

4 

10*0 

51 

55*3 

4 

29*5 

52 

4*3 

4 

i8-7 

56 

6*3 

4 

16*5 

5^ 

12*0 

4 

23*7 

5^ 

14*6 

4 

26*0 

5^ 

37'9 

4 45*2 

5^ 

22*3 

4 

32*0 


37*2 

4 38 

5i 

57*1 

4 

43-5 

52 

57*7 

4 45*0 

S3 

3 

4 

42 

52 46*4 

5 

6*5 

5^ 

27*6 

5 

8*7 

52 

22*5 

4 

53*2 

5* 

22*9 

4 

38*5 

5^ 

9*5 

4 

29*5 

53 

17*8 

5 

3*7 

53 

21*6 

5 

13*2 

53 

27-0 

5 

42*0 

53 

29*3 

6 

10*0 

53 

32*0 

6 

32*0 

53 

35 

6 

40 

53 

22*1 

7 

127 

53 

47*6 

7 

54 

53 

49 

8 

8 

53 

4*6 

8 

49*0 

54 

10*8 

7 

53*0 

54 

0*0 

8 

i8*o 

53 

58*8 

8 

26*0 

54 

10*7 

8 

35*0 

53 

55*^ 

8 

30*0 

53 

52*5 

8 

43*0 

53 

47*1 

9 

24*5 

53 

32*7 

9 

56*5 

53 

32*8 

9 

58*5 

55 

35 

7 

40 

57 

6*8 

8 36*2 

57 

35 

9 

56 

57 

43*8 

10 

36*5 

57 

29*2 

10 

37*5 

57 

27*0 

10 

33*7 

57 

19 


S3 

57 ^^5*6 

1” 

16 

57 

15*411 

0*2 

56 44*3 

II 

39*2 


Knobens It., ¥ 26f., Ti, fl, bell 

Ilesselo It., R 1“' 87f. 

Aalborg i 

Forenas, It., I j® 69f. 

Aarhus, Cath 

Thunoe I. It., F lOOf. 

Baagoe, It., S. pt., F. 39f. 

Apenrade 

Assens, Ch 

F'lensburg ; 

Sicellands rf.,N. and W. pt. ... 

Kyholm, It., F* .58f. 

Refsnees, It., F 65f. 

Sprogo, It., R 15" 9 If. 

Nyeborg, It., F Ch 

Fakkeberg, It. S. pt. Lange- \ 

land, F 129f. } 

Spodsbierg, It. F 123f. 

Nakkehoved, 2 Its. N89'’W 1 

F147f. 98f. } 

Elsineur, Kronborg It. F 1 lOf. 

Copenhagen, SI, University 

Steffens Klint, It. R 144f. 

Mocn I. E. pt. It. F 82f. 

Gied.serodde, It. F 66f. 

Trindclen, .shl 

Kiel, Observ 

Marienleuchte It, R 94f. ... 

Staberhuk, S. & E. pt. ofl 

Fehmeru I j 

Lubeck, St. Mary's Ch 

Wismar, St. Mary's Ch 

- Warnemunde, It. F 58 

Rostock 

Dars Hd. pt.21ts.R l«nl08f. F 

Stralsund 

Arkona, It., F 202f. 

Bergen, (’h 

‘ E. pt. of Rugen I 

; Griefswaldoc It. 2 Its. F vert... 

; Swinemiinde, It., F 38f. 

’ Stettin 

1 Colberg, fort 

Jershbft It., R 2“' 160f. 

Helalt. R i-" 120f, 

Hixhbft, It., F 220f. 

Neufahrwasser, It, F 75f. 

Dantzig, Obseiw 

- Pillau, SI, It, F 92f. 

Koriig.sberg, Observ 

Briisterort, It. R 4™ 142f. 

Memel, DQ, lt.,F98f. 

Libau, S), Pilot’s 'Fower 

Windaii, Ch 

Lyserort It. Rl^™ 1271’. 

Domesness, 2 Its. S'S'W' 1 

) I uO yds. 86f. I 

! Runo I. It. F 74f. 

I Riga, SI, (Its. 2F .) Cath. 

) Pernau, Germ. Ch 

’ Arensberg 

Svalferort It. (Esel I. S pt. \ 

F120f. 1 

Filsand, W. pt. of grt. Id., \ 1 -0 L. 
R3'»127tr. .! *3 I** 51 


Lat.N 

Lon. E 

56° 

45 7 

11° 

5o'7 

56 

11*7 

II 

43 

57 

2*7 

9 

55 

56 

26*7 

10 

57*5 

56 

9*5 

10 

13*0 

55 

56*9 

10 

27*0 

55 

17*7 

9 

48*0 

55 

2*6 

9 

25*2 

55 

i6*i 

9 

53*7 

i54 

46*9 

9 

26*4 

56 

5 

11 

15 

55 

56*0 

10 

40*7 

55 

44*7 

10 

52*5 

55 

20 

10 

58 

55 

i8*7i 

10 

47*7 

54 

44*4 

10 

42*0 

55 

^8*6 

II 

52*0 

56 

7*2 

12 

41*0 

56 

2*2 

12 

37*5 

55 

41*2 

12 

34*7 

55 

18 

12 

27 

54 

57 

12 

33 

54 

33*8 

IX 

58*0 


54 30-5 12 4 

54 19*5 10 9*0 
54 ^97” *4*? 
54 H II 19 
53 52-1 10 41-5 

53 53’5ii »77 

54 10-7 12 57 
54 5*5 la 9*0 
54 28-6 12 30*5 
54 i 8’3 13 5*5 
54 40*9 13 26*2 

54 25*5 13 28 0 
54 ai 13 48 
54 15*1 13 55*7 
53 56*014 17*0 

53 25*1 14 34*0 

54 10*815 35 
54 3^*5 16 33*0 

54 36*1 18 49*2 
54 49*918 20*5 
54 24*2 18 40*2 
54 21'3 18 41*2 
54 38*419 54*0 
54 42*820 30*2 

54 57*6 19 59*? 

55 43*7^1 6*a 

56 30*921 o 

57 23*9^1 34*0 
57 34 21 44 
57 45*622 37 

57 48 23 i6 
56 57*024 6*5 

58 23*224 30 
jsS 15-1*2 30 

157 5+’6|** S 
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(13) Places 

Dagerort It. 5m. Ed. of pt. ) 
F328f. J 


^ Vf iLHLUVIly WJULU : 

R 1 Odensliolm It. F lOlf. 
■5 Packer Ort It. F I55f 
g Surop It. F 1.36f. 


^ Revel, 2 Its. S'9°E', F 258 f. ' 
^ I66f. St. Olaus Ch 


Ekholm It. F lOlf.. 

1 Stoncskar beac 59 49*526 21 Brahestad, Ch 

iRothskar I. It. R I"’ 74f. 59 58*2 26 42*0 j ^ U p p] 

Little Tiouters, W. pt 59 50*026 S3‘‘ a" Ulcaborg, Ch... 

Great Tioiiters, E. sura [59 srojay 14*5 ;d Ulkogrunni, beac 


Hogland, % 6rn. N. pt. 2 Its. 1 
S'byW'O Gm., F 388f. 37f. 

lower J 

Laveiiskar I., N. pt 

Peni I. E. pt 


Lat. N 

Lon. E 

58^ 562 

i2'' 4'7 

59 t 

12 18 

59 

13 23 0 

59 23*5 

24 2 

59 ^7*9 

24 

59 36*4 

24 32-0 

59 26*6 

24 47 

59 35 

24 4 : 

59 42*c 

25 2 

59 41 

25 49 

l59 49*5 

26 21 

59 58*^ 

26 42*0 

59 50*^ 

26 53-<- 

l59 51*0 

[27 14*5 


Fallskar beac 63® 4^0 20^49' 

Wasa, Ch 63 4*321 43 

Korsbren beac 63 11*821 10 

Nordskaren It. R 1«‘ 105f. 63 14 20 38 


Walaorarne Is. N. pt, 
llclsingkall, rk, of. .. 

Ny Carleby, Ch 

Kejsarsklubb, beac. .. 

Tankar, beac 

[ Gamla Carleby 

Kalla rk. outer one .. 


63 27 21 6 
63 36 21 53 

63 32*022 32 
63 43 aa 34 
63 57*3 22 52 

63 50 23 9 

64 20*023 29 


Nahkiainen shl. af. 64 36 23 54 

Brahestad, Ch 64 41*524 31 

Carlo I., W. It. F FI 65 2*024 33 

Ulcaborg, Ch 65 1*025 30 


Kronstadt, St. Andrew Cli 
Elaghin Chan. It. v., F 16f... 


PoULKOYA, ObSERV. ., 
Styrsudd Hd. It. F ., 
Biorko I., S. pt. tow. 

Grekova rk. bcac 

Wiborg 


Soderskar tow. pilots, It. F FI 

Kallbad»ra It. F 

Helsingfors, Observ 


Segelskar, beac 

Hango It RS^lOlf. , 
Abo, Observ 


Bogskar 

Lagskar, It. F lOOf. . 


I Lbko beac 

Sabbskar, beac. 


Storkalle shl. S. pt. of. 


60 

6*3 

26 

58*5 

60 

2*3 

27 

51*0 

60 

1*1 

28 


60 

2*1 

28 

23*5 

59 

50*9 

28 

34*7 

59 

54 *^ 

29 

0*5 

60 

2*C 

29 

34 *c 

60 

0 *C 

29 

32*9 

59 

59 */ 

29 

46 

59 

58*: 

30 

10*5 

59 

55 *' 

30 

10*7 

'59 

56* 

30 

18*1- 

59 

46-: 

\ 30 

197 

60 

1 1 -o: 29 

2 

60 

15*’ 

r 28 

43'2 

60 

lit 

28 

42*5 

60 

42-9 

28 

4'^ 

60 

in 

' 27 

13 

60 

14*S 

.^7 

58*5 

60 

12-i] 

27 

39 5 

60 

14*: 

>27 

3*0 

60 

34 

I27 

12 

60 

27 '< 

26 

16 

60 

i 6 t 

>1 26 

27*2 

60 

11*2 25 

50 

6o 

6*2 25 

24 

59 

59 

125 

37 

■So 

9 * 

7 ^4 

57*7 

60 

8* 

1-24 

59*7 

59 

56 

24 

24 

59 

49 * 

723 

34 

59 

46 

23 

22 

59 

46* 

D 22 

57 

60 

27* 

0 22 

17*5 

59 

46* 

521 

22 

60 

4 

20 

55 

59 

50* 

5 19 

55 '? 

59 

58 

19 

57 

60 

21 

19 

25 

60 

43 

21 

2 

60 

47 

21 

24 

60 

56 

21 

9 

61 

27* 

721 

22 

61 

29* 

021 

48 

62 

13* 

021 

20 

62 

16* 

Z 21 

23 

62 

45 

20 

50 

62 

54' 

0 21 

6 


Malorn, It. F . 
Torneo 


Rodkallen rks., grt., mid.lt. R 65 


65 24 24 51 

65 31 23 38 

65 50*8 24 10 


65 19*221 30*0 


Stor Rebben, beac I 

65 

12 

21 

58 

Bjuroklubb, beac 1 

64 

28 ; 

21 

35 

Grt. Fjaderiig, I. mid. It. R2™ 

63 

48 : 

21 

I 

Gadd It. on S. pt. of Is. F 70f. 

63 

36*0 

20 

46 

Uinoa 

63 

49*5 

20 

ig 

Bonden beacon 

63 

26 

20 

4 

{ Skagsudde, beac 

63 

12*0 

19 

0 

Hernbklubb, beac 

62 

36*0 

18 

0 

lleruosand, Ch 

62 

37*9 

17 

57 

Bramo I. N. pt. bcac 

62 

14 

17 

44 

lluddiksviill 

61 

43*7 

17 

7’2 

Horasudde, pt 

61 

37 

16 

30 

Soderhumm 

61 

17*7 

17 

S 

Stor Jungfrun, It. E. pt. F86f. 

61 

10 

17 

20 

Gefle 

60 

40*3 

17 

9 

Eggnmd, It. F 52f 

|6o 

43 

*7 

32 

W. Finngrund, NE pt. 3f. ... 

60 

S9 

18 

5 

E. Finngrundi; SW part, Tiif. 

60 

5« 

18 

26 

Orskar It Rl‘“ 118f. 

60 

31*5 

18 

22 

Nygrund, Tof. 

60 

29*5 

18 

4* 

S. Quarken, Understen, bcac. 1 
It F 78f. ) 

60 

16*2 

iS 

54*5 

Svartklubb It. R 70f. 

60 

9*8 

18 

50 

Arholma beac 

59 

51*0 

19 

7 

Sbderarm It. R 2'” 102f, 

59 

45*2 


28 

Svenska hogarne 

59 

27 

19 

V 

Stockholm, Observ 

59 

20*6 

iS 

3*5 

Korsb It. I 4'” 155 f. 

59 

17*3 

18 

58 

Gronskar It. F 114f. 

59 

17 

*9 

2 

Landsort It. R 2'“ 148f. 

58 

44*5 

17 

52*7 

Eiiskar beac. 

58 

42 

17 

25 

Hafringe bcac 

58 

36 

'17 

*9 

Haradskar bcac 

58 

8*9 

16 

59 

Sparo beac 

57 

42*9 

16 

44 

Wcsterwyk 


45>6 

16 

38 

Kalmar, Ch 

56 

39*5 

16 

22 

Gottska Sando, W. pt 

58 

24 

19 

11 

Faro I. Holm Hd. It. R. \ 
2™ 103f. 1 

57 

58 


23 

Gothland S pt. Hoborg It. 1 
R lefif. ( 

56 

55*^ 

18 

9 

Ostergamshblm It. F 10 If. 

57 

26*5 

18 

59 

Wisby 

57 

38*6 

ii8 

16 

South Carlso 

57 

»9 

1'^ 

‘i 9 

Oland, N. Hd. It F 103f. 

57 

22 

1'^ 

6 
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Oland, S. Ild. It. F 136f 

Christianopel 

Utklipporna rks. It. R 2“' 50f. 

Carlscrona, ^ 

Carlshamn 

Hano I. mid 

Abus 

Cimbrishamn 

Ystad, Ch 

Eartholms or Christianso It., \ 

Npt., R20* 94f. I 

Bornholm, N pt., It., F 279f. 

— S pt 

^ Ronne, It., 2 F 52f. 29f. ... 
Falsterbo It., F 78f. 

- Lt. V. ? 6,2 Its. F, bell 

Mahno, It. F 50f., Ch 

Landskrona, It. F 

Ilelsingborg, It. F 26f. 

Kullen It., R 288f. 

Engelholm 

Hallands Waderb, W extr. ... 

a llalmstadt, fort 

a Falkenberg, Ch 

* Moruptange It., F 95f. 

^ Warberg, Castle 

^ Niddingen, 2 Its., 2 F 66f., bell 

5 Vanguard shl., 4 

] Wingo, 2 Its., R, F, 87f 

j Buskar It., F 84f. 

^ Gottenburg 

- Marstrand It. R 2"‘ 282f. 

Paternoster Is. S and W extr, . 

Salo It., R 122f 

Rock, 7f. 

Torbjornskar beac 

Foerder It., F 209f. 

Fulehiiklt., RS™ 57f. bell ... 

Frederiksteen 

Frederikstadt 

Christiania, new Observ. ... 
Svenoe Lango Sound It. ent. F. 

^ Tvesteen 

< Reierskar rk., a gun 

I Jomfrueland, It. R I"* 134f. ... 
J ArendaljTorungen I. It. 2 F 134f. 

^ 0x6 It., R 4“ 139f. 

' Christiansand, 2 Ch 

Flekkero I., IS, rks. to S 

%vingen I 

It., F 163f. 

Markoe, It., discontinued) 

^ July 1, 1844 / 

Listersteen It., R 1"' 128f. ... 

Jedderens rf., W pt 

Jmgenoes It., F 25f. 

^vidingsoe It., F 149f. 

^kuddesnoes It., F 77f. 

{loievarde It. F 65f. 

yJsire, 21ts. N58°W, 255f. F 
Hougoen rk.. It, F 72f.... 

gommdoe, S pt 



fiord, I. Entr!*’;;!!;’.!*.!;!! 


MARITIME POSITIONS 


Bergen, IS 
Bloinue I. 


Lat. N 

Lou. E 

56° ii'8 

16^25' 

56 15-5 

16 3*0 

55 56*5 

15 42 

56 9*7 

*5 35*5 

56 10*3 

14 52-0 

56 1*0 

H 51 

55*5 

14 18 

55 33*5 

14 21*2 

55 

*3 49*5 


55 17*7 
51 59 
55 6 
55 a3*> 
55 17 
55 36-1 

55 5^*4 

56 2*7 
56 i8-o 
56 14*6 
56 27*1 
56 40-4 
56 54-0 

56 55‘2 

57 6*4 
57 

57 32 
57 

57 38-6 
57 4^-3 
57 53’^ 

57 53*5 

58 20*2 1 

58 42 ! 

58 58*7 

59 4 
59 

59 7-5 
59 *3 
59 54'7 
58 58 
58 56 

58 lO’I 

58 5 ^ 

58 23*2 
58 3*7 

58 8-1 

58 2 

57 57*0 
57 57'8 

57 59 

58 6 

58 46 

59 3 ' 

59 5 
59 8*7 
59 

59 i8*3 
59 ^5*» 

59 35 

60 I 

60 8 


Rondo It F 168f 

Quistholm It., R 1"* 134 
Christiansund, It. F 65f 
Nightingale rks,, outer 

Griboerne, large I 

llav flue, rk 

Trondhiem, Cathed. ... 


Vigten Is., W extr. rks. 

NW extr. rks. 

Pnt-stbc It, F 36f. 


Heilhornet, pk. 


Tranen Is., 17m. Grt. I., ) gg 
N pk / 

Kunna, sum 66 

Rost I. grp., ^ 20m., mid. ... 67 


Skraaven, sum 68 

Trano I., N j)t 68 

W. Vago 1., N pt 68 

Lango I., W pt. rks. off. 68 

Andoe, N pt 69 

Trornsoe, Observatory 69 

Ilvaloe, NW pt 7° 

Hainmerfest, Ch 7® 

Vando, N pt 70 

Arno, NE pt 7^ 


North Cape 

I Wardhuys I 

I Rybatcliy I., N pt.. 


R., W entr. 


115f., N one 5 


Lat.N 

T.on. £ 

60' 

’24' 

5^ 

'18' 

60 

3» 

4 

46 

62 

2 

4 

28 

61 

13 

4 

44 

61 

17 

4 

27 

61 

39 

4 

35 

62 

II 

S 

8 

62 

20 

5 

17 

62 

24*6 

5 

36 

63 

2*2 

7 

14 

63 

7 

7 

39 

63 

23 

7 

8 

63 

H 

7 

35 

62 

51 

6 

11 

63 

25-8 

10 

^3*7 

63 

40 

8 

*9 

64 

46 

10 

24 

65 

2 

10 

37 

64 

47*4 

11 

8. 

65 

5 

II 

37 

<>5 

5 

12 

9 

65 

24 

II 

0 

65 

40 

II 

45 

65 

38 

II 

17 

^5 

59 

II 

21 

66 

31 

12 

4 

66 

57 

»3 

3» 

67 

31 

12 

7 

67 

38*5 

12 

35 

67 

49'5 

12 

SO 

68 

9 

H 

44 

68 

11-3 

^5 

39 

68 

20*5 

*3 

59 

68 

37 

H 

14 

69 

20 

16 

8 

69 

39*2 

t8 

57*0 

70 

I4’6 

>9 

6 

70 

40*0 

»3 

42*0 

70 

17’6 

19 

36 

70 

*3 

20 

49 

70 

39 

21 

55 

70 


^3 

19 

71 

6 

24 

7 

71 

II'O 

25 

40*0 

71 

10*3 

25 

46 ’0 

70 

23 

31 

7 

69 

58 

31 

54 

68 

5^*5 

33 

I 

69 

16 

33 

19 

69 

14 

34 

3a 

68 

46 

37 

20 

68 

32 

38 

0 

68 

lO’O 

39 

47*0 

67 

41*0 


2*5 

67 

“*5 

41 

22'2 

66 

^9*5 

40 

44 * 

66 

39 

38 

17-5 

66 

17-2 

36. 

53*5 

66 

33 

34 

28 

67 

7.7 

32 

26*0 

65 

45*» 

34 

427 
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TABLE 10 


MARITIME POSITIONS 


Kemmi, Ch j 

Onega, St. Mich. Ch 

Jijghinsk I., N. pt., It. F 140f. 

1 Pertominsk, Monast 

I Arkhangel, Trinity Cli. ... 
Moudiugal.lt.Dvir.a R. F 130f. 

C. Kerets 

C. Voronov 

Morjovetz I. NW. pt. It. "I 

F 150f. / 

Mezen, Epiphany Ch 

C. Konouchin, near brook 

C. Kanin Noss 

Kolguycv I. NS. 50in., N. pt. 

C. Russki Zavorot 

Vaigatch I. W. extr 

Mt. Pervo-ousmotrennaia 

Admiralty pen**., N. pt 

C. Nassau 

NE. pt., C. Jelante, or Desire 
Franz Joseph land,Wilciek I. 

West pt 

C. Ilansa 

C. Shrotter 

C. Fligely 

Danes I., S. pt 

Smeerenberg, ^j'Tasd 

Hackluyts Headland 

Cloven Cliff. $ 


Grey Hook 

Vertegen Hook, T • 


Hinlopen St. Hyperite 1. ... 
North Cape ; 


Little Table 1. 750f. 

Charles XII. I 

S. Cape, C. Torell 

Wiche I., Swedish Forelanc 
■ .■■■.. NE. point 

Stor Fiord, Fox Ness 

Hope I. , 9m. W. pt 

S. Cape, or Look-out 

Hornsunds Pk. 4561 )f 

Bel Sd. Separation Pt 


Fair Foreland . 
Mitre Cape 


I Jan Mayen I., C. North- 1 
east, or Young’s ForeUtid j 
— Mt. Beereiiberg, 6870f. .. 

— C. South 

Rock, nf. 

Portland I 

Hvalsbak rk • 


C. Langanaes 

C. Revsnig 

Siglenaes 

Grimsey I., 4m., N. pt. 

Mevenklint 


LatN 

Long. 


East 


34 ° 38'7 

63 53-6 

38 8-5 , 

65 ia-3 

36 51*5 

64 47-2| 

38 29*2 

64 32* 1 

40 33-5 

64 55‘8 

40 1 6-2 

65 19*9 

39 45 

66 31*1 

4a 197. 

66 45*7 

42 29 

67 50-3 

44 17*0 

67 115 

43 487 

68 39‘2 

43 32*5 

69 30 

49 20 

68 55 

54 40 

7a 5 

51 25 

73 8 

53 

75 io 

55 4 ^ 

76 36 

62 55 

76 58 

68 35 

79 52 

58 0 

80 33 

59 40 

8 1 47 

59 

8 z 3 

59 50 

79 37 

5 

79 43 

II 15 

79 47 

I* 5 

79 45 

II 45 

80 1 

14 42 

79 48 

14 45 

80 4 

if> 25 

■ 79 55*3 

16 57 

) 79 42 

19 0 

. 80 32 

20 14 

. 80 36 

20 0 

. 80 48 

20 22 

. 80 43 

25 12 

) 79 20 

21 25 

• 78 52 

26 36 

• 78 57 

32 24 

1 78 3 

19 2 

) 77 10 

25 50 

. 76 27 

16 50 

• 76 54 

16 18 

' 77 38 

14 so 

1 78 7 

14 7 

1 78 13 

12 30 

f 78 58 

10 3 S 

79 5 

1 1 29 

) 74 Zo 



West 

71 8 

7 26 

. 71 4 

7 36 

• 70 49 

8 41 

. 70 48 

8 6 

. 63 23 

19 8 

. 64 36 

13 24 

• 65 5 

13 30 

. 66 23 

^4 31 

. 66 33 

16 12 

, 66 12 

18 50 

66 34 

18 4 

. 67 TO 

18 30 


North C 

W. pt., or Staalburghuk 

Sneefeldsyokel 

Outer rk., or Grenadeer Huen 

Reikiavig Church 

C. Reikianes 

Mt Heckla, .53G4f. 

Oster Yokel, 59(i4f. 

Westmanna Is. S. pt 

Gravelines, It. F, 95f 

Calais, La, F, Tf. bell, It. R 1 

4 ™, 190f. / 

C Grisrez, It R 195f. 

Boulogne. CS-J/, Column 

-2 Its. NE. jetty,) 

F** 43f. 3.31. / 

Pt. Alpreek, It. R"" 2"' 16 If. 

Etaples, Q]" 

Pt. Lornol, It. F 52f. 

Pt de Touquet,2 Its.F I74f..,. 

Pt de Berck, It F 66f. 

Abbeville, Ch. of Notre Dame 

St. Valery sur Somme, LS 

Cayeux, It. FI. lO*' 4'" 92f. ... 
Treport, (I), It. E 36f. Tf. ... 
Dieppe, [2^, W. jetty. It. E > 

39f. TTif. ) 

C. Ailly, It R 1“ 305f. 

St. Valery on (^aux, [X], E 30f. Tf. 
Fecamp, [X], Mt. de laVierge, > 

F 426f. } 

• C. dc la llcve, 2 Its. N19°E, \ 

207f., F 396f. f 

Havre, R0, It. N. jetty, F 39f. ) 

bell, Ch / 

Pt du Hoc, It F 39f 

Pari.s Observatory 

Ouillehtjeuf, It. F 33f. 

Hoiiflcur, [2, 2 Its F, S51°E \ 
2400f. W. It, F 29f. 23f.) 
Mouth of the Toucques, 2 Its. ) 
F X\f. E Tf. j 

Mouth of the Ome, 2 Its. ) 

N2PE 3500f. Ch. F 92f. / 
Port Corseules, [Xj, It. F 30f. 

Caen, Abbey 

Pt dc Ver, It R. 4"* 138f. ... 
- Carentan 


St. Marcouf Is., |m.. It. ) 
F 56f / 

Lallougiie, ro|f21ts. S88°Wl 

19c, F 282f” 36f. / 

Reville Redoubt It. F 36f. 

C. Barfleur It R J"' 2.36f....— 
Port, Its. S40‘’W,927f. \ 

F 23f" 43f. ^ 

Pelee I., Fort Royal, It. F 85f. 

Cherbourg, Ch 

C. La Hague, /, It. F 157f. ... 

Alderney I., -^Sm. St. Anne’s 1 

Ch j 

Pierre au Vrack, ^ 


Lat. N 

L 

ong. 



West 

66° 28' 

22*= 

26' 

65 

30 

24 

32 

64 

48 

^3 

46 

63 

40 

^3 

10 

64 

8*6 

21 

59*2 

63 

48 

22 

4 i 

63 

58 

*9 

41 


36 

*9 

39 

63 

20 

20 

23 



Ea.st 

51 

0*3 

2 

67 

50 

57*6 


51-2 

50 

52*2 


35 -? 

50 

44’ 5 


37-2 

50 

43*9 


35*2 

50 

41*9 


34 ’o 

50 

32-9 


387 

50 

33*6 


34*7 

50 

3**7 


357 

50 

24*0 


337 

50 

7*1 


50'o 

50 

11-4 


38-0 

50 

1 1*7 


31-0 

50 

3*9 


22*2 

49 

56*0 


5 *? 

49 

55 '* 

0 

577 

49 

5^*4 

0 

427 

49 

46*1 

0 

22*2 

49 

30*7 

0 

47 

49 

29-3 

0 

67 

49 

28-7 

0 

115 

48 

50*2 

2 

20*2 

49 

28*4 

0 

3*7 

49 

^ 5*5 

0 

137 

49 

21*7 

0 

5*0 



West 

49 

i6'6 

0 

* 5 *^ 

49 

20*3 

0 

47-2 

49 

11*2 

0 

21'0 

49 

20*5 

0 

31*0 

49 

i8’4 

I 

i 4'5 

49 

29*9 

I 

87 

49 

34*3 

I 

167 

49 

36-4 

l 

137 

49 

41*8 

* 

*57 

49 

40*1 

I 

15*5 

49 

40-3 

1 

347 

49 

38-6 

i 

37 *r’ 

49 

43*4 

I 

57*0 

49 

4**9 

2 

127 

49 

41*6 

2 

17*0 


• By Sir L. MH!31intock*» oooervatlons in 1*60 the longitudes of Iceland should be about i* more to the west. 
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MARITIME POSITIONS 


Lat.NiLon.W (20) 


|Lat.NiLon.W 


Caskets, j, 3 Its. R 20‘ 113f. bell 49° 43^4'^° aa's 
Guernsey. Jerbourg tow. 390f. 49 33*° 

— Pleinmont, SW. pt., guard ho. 49 41*0 

— St. Pierre, It., S. jetty, F 39f. 49 33*0 

— Doyle, fort, NE. pt 49 3o*i|2 31*2 

Herm I., NS lira., mill 49 28*02 27*7 

Sercq I., -gp- 3m., Telegraph ... 49 25*5'2 22*71 

Islet S, or Etat de Sercq 49 23*612 23*0 

Jersey, St. Pierre, Ch 49 12* 512 11*7 

— St. Helicr’s, 2 Its. F 49 11*32 7*0 

— C. Grosnez, ruin 49 15*22 15*5 

— NE. pt., or Pt. de la Coupe 49 13*92 2*3 

— SE. pt. Seymour tower 49 942 1*1 


. Barnouic rks., EW 2m 

Chauscy Is. [6m.] Grt. I. It 

R^M™, I21f 

Minquiers rks., ^ .'ll, NW 
breakers, It. v. F 

Maitressc Id 

iSt. Germain 


jCoutances, Cath. 302f. 

Granville, IS'‘J,C. Lihou, It. 1 

I F 154f. ) 

Mt. St. Michel 

Canalle, Ch 

Herpin rk 

St. Male, It. F 33f., Ch. 

La Conchee rk 

’ C. Frehel, t, sum. It. R I™ ) 

259f. } 

Grand Lejon rk 

St. Brieuc, Cath 

Horaine rk. beac j 

Heaux de Breliat, It. F 148f. ...' 

Treguier, Cath 

Seven Is., 4ra., It. R 3"' 167f. 
Triagoz, shl., EW.4ra.,W. extr.i 
Morlaix, m 2 Its. F285f. R\! 

I 2m 46f. / j 

St. Pol de Leon, 123, Cath 

I. de Bas, EW. 3m, It., W. \ | 

! 8ide,R'*'-J"> 223f J 

il. Vierge, It. R 4m 108f 

• Abervrach, W. It. F’’ 59f. 

Plouguerneau (S81°E of Ab. \ 

It.) Ch. It. F 226f. j 

Pt. St. Matthew, It. R^™, 177f. 

Ushant, ^ 4m., It. F 272f. | 

Kermorvan It. F 72f, 

Brest, Observ 

]: de Sein, It. R 4™ 148f. 

j Outer, or Wst. rk 

Bee du Raz, It. F 259f. 

^udierne, Ch 

jPenmarc'h rks. It. R 4™ 134f.... 
|GlenanI.PenfretI.lt.R4"‘U8f.... 
Quimper Riv. Benodet, Ch 



49 94 

2 I'l 

lid. 

49 6*5 

2 49 


49 I 

2 48 

:} 

48 52*2 

I 49*2 

:) 

48 59 

2 19 


48 58-3 

^ 3*7 


49 14*2 

J 35*7 


49 22*4 

I 48*2 


49 a'9 

ji 26*5 


48 50*1 

[i 36*7 


L’Orient, tower 47‘^44'7 3°2i'o 

Port Louis, Ch 47 42*5 3 21*0 

I. dc Groix, % 4m., It. F 193f. 47 38*9 3 30*5 
Port Haligucn, It. E. jetty, F... 47 29*2 3 6*0 

Teignou.se It. R 3™ 59f. 47 27*5 3 2*5 

Port Navalo, Pt. It. F 72f. 47 32*92 55*0 

Penlan pt. It. F 52f. 47 31*02 30*0 

Belle Isle, % 10m. It. SW.\ 

— Port de Palais, It. P' 30f. ... 47 20*9 3 9*0 

Hoedic I. 11m. It. F 85f. ... 47 20 5 2 52*0 

Le Four rk. It. R 79f. 47 17*92 38*0 

Vannes, St. Peter’s 47 39*5 2 45*2 

Guerande, Ch., 177f. 47 19*72 25*5 j 

Croisic, Ch. It. F 47 17*72 30*7 


48 38*2 I 30*5 
48 40*7 1 507 
48 43 * 50 I 

48 39*02 1*5 

48 41 2 3 

48 41*1 2 19*0 
48 45*02 39*7 
48 30*92 45*7 
48 53*6 2 55*0 
48 54*5 3 5*0 

48 47*3 3 13*7 
48 52*8 3 29*2 
48 53 3 44 

48 38*2 3 53 
48 41*0 3 59*0 
48 44*84 1*5 

48 38*44 34*0 

48 36*94 34*5 
48 36*34 *9*0 
48 19*84 46*2 

48 28*55 3*3 

48 21*74 47*2 
48 23*6]4 29*2 
48 2*714 5**0 
48 3 5 15 

48 2*4'4 43*7 
48 1*44 32*5 

47 47*9,4 
47 43*3'3 57*0 
'47 5 ^* 6 , 4 6*7 


jAiguillon tow. (on with the) ,..4^ *r.»T 
tour de Commerce, N.32“E) j 4-7 4 5 7 

Port St. Nazairc, Mole, It. P* 2Gf. 47 16*32 11*7 

PiiimboHif, Ch 47 17*32 2*0 

^ Nantes, Cath 47 13*1 1 33*0 

. Le Pilier 1., It. R. 4'". 105f..... 47 2*62 21*5 
j Noirmoustier I., S. pt 46 53*82 8*7 

■ 4«4-4X .9-7 

- Lt. NW. part, F 177 f. 46 43*12 22*7 

; St. Gine.s sur Vie, Ch 46 41*7 i 56*0 

} Sables d’Olonne, Ch 46 29*8 i 47*0 

J La Chaume, It. F 118f...... 46 29*7 1 47*5 

Roche bonne, W., or La Con- ) 

. gree,ro It. T. 2 F ) >3 » *9 

Pt. dc Grouin du Cou, It. F 59f. 46 20*8 i 28*0 
Pt. de I’Aiguillon, It. P' 33f. ... 46 i6*i i 12*5 
I. Rhe, % 14ra. Baleines It.) ^ r 
onN.^.R J-164f. j ^ ' 33 5 

— Port St. M.artin, It. F*" 52f. 46 12*4 i 21*7 

— S. pt., de Oumveau, It. F 72f, 46 8*o i 16*2 

Roclielle, Its. tower (2, R, F).. 46 9*4 1 9*2 

Oleron I., ^ 16m. N. pt. \ ^ « 

Chussirou It. F 164f. *4 5 

‘ Aix 1. It. F 56f. 46 0*6 I 10*5 

Rochefort, Ilo.spital 45 56*60 57*7 

Pt. de la Coubre, It. F C6f. 45 41*5 i 15*2 

Cordouan It. (Riv. Gironde)) _ , ,,^*0 

Fl.l"'207f. .} +5 3S-1I 10? 

— Terre Negre, tow.. It. F 118f. 45 38*8 1 6*2 

Port Royaii, It. F 36f. 45 37*1 1 1*7 

Ptc. de Grave, It. F 39f. 45 34*1 I 3*5 

Bordeaux, St. Andr6 44 50*30 34*5 

Ba-ssin d'Aroachou, C. P’erret ) -a.- , 

Bayonne, Cath 43 ^9*5 ^ ^8*5 | 

Pt. St. Martin de Biarritz, R) 

s St. Jean de Luz, Ch 43 23*3 1 39*7 

S Socoalt. F115f. 43 ^3*7'* ^J'o 

Fuentcrabia, Ch. (It. F 290f.).. 43 2i*7ji 47*2 

^ C. Figuier, rk. off. 43 23:711 47*2 

K i Port Passage, ffl,Ch.< It. F486f.) 43 19*71 55*2 

< St. Sebastian It. FI. 2“' 434f..... 43 19*22 0*5 
Q C. Machichaco, 1, It. R4'" 264f. 43 28*02 49 

C. Villano, I. h 43 27 2 58 

Bilbao, St. Nicholas Ch 43 15*8 2 54 


8*oji i6*2 
9*4ji 9*? 
2*8,1 24*5 
0*6 I 10*5 


43 519*61 33*0 



Portugal i i Spain, N. Coast 


412 


TABLE 10 
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MARITIME POSITIONS 


( 23 ) Places Lat. N Long. (5 

1 West 

Cullera, Ch o°i5' 

Valencia, It. ;} 7 f, mole 3(j 26 8 o 19 

C. Canet, tow 39 43-0 o 9 

I E^a.si 

C. Oropesa, It. FI 74 f. 40 6 5:0 lo 

Peni.scola tow 40 23 o o 25 

Columbrefes Is., It. F l 90 f. 39 54 o 44 -lI 

Monsia, Mt 40 37 o 31 

Port Alt'aques, Pt. dc la Bana... 40 33*3 o 39 

Ebro 11 ., S. passage 40 410 o 33 

N. passage 40 43 0 o 54 

C. Rock, tow 40 49 0 o 45 

C. Tortosa, Btida It 40 42*4 o 57 

Salou It. mole, E' 27 f. 41 41 9 

C. Salou, pt 41 4*0 I 10 

Tarragona, It. F. 51 f. 41 7 i 16 

C. Gros, 2, tow } I 8*0 i 24 

Puig das Aguila.<3, Mt li 56 

Pt. del Rio I..1 19-02 9 

Barcelona. Sj”, mole It. F. 5 If, 141 22 6 2 11 

Mt. Jui, fort I41 21-82 10 -B 

Mataro 14 1 3»‘4*. 27 g 

C. To.sa, tow ;4i 58 g 

Pt. Molino 4 ^ 49‘6j3 8 CJ 

C. St. Sebastian, h .sum., It. R | 

l'« 548 f. ( 4 > 53 3 *3 

Medas Is., ''}f Im. S tS: E. extr. 42 3*2 3 14 

La ICs<'ala ,^2 7 3 8 

C. Nfirleo, A, 1 , E. pc 42 14 317 

Cadaques, f$l, Cli 42 17 3 17 

C. de Greux, E. ext. Spain, I 

ruin. It. F FI. 285 f. .. j 3 ^ 

St. Pedro de Roda, fort 42 19-c 3 10 

C. Scniella 42 2103 13 

C,. Bearn, It. F ZTiIf 42 31 cj3 y-f 

Pori Vendres, It. F 9 Sf. 42 31-3 3 7-c 

4 ^ 43 S > * 

La Nouvelle, It. F .'l.'U'. 43 o*.sj3 4-c 

•Narbonne, Catb 43 ii-i'3 02 

Fort Brescon,lt. SE bast., F.Mlf 4.3 15-513 30 c 

\gde, ,Mt. R 1"' H,' 5 f 43 I '’•9 3 30 J 

- - harli. It. F ,‘ibf. E. jetty - 43 jb-y 3 26 7 

Cette, Istl, fort Louis, N. i'nlr. J „ 

It. r >l2f ) * 5-8 3 4 ^-, 

Mcmt|)ilii-r 45 37 3 53 

'ViL:U('s Mortfis, It. R 4 "' G(if. ... 43 32-c 4 8-c 

W. Mo. of Rhone, C'amarguc, | 

It. K. 12:)f. ... .... I ^3 ^°-7 4 4 »-‘^ 

^ P deBouc,[3,21ts.ent Fr)2f. 9 Sf. 43 23-64 59*'^ 

G. Couronne 43 J 9 5 3 « 

Marseille, ,, 2 Its. , W ent. FI . { ^ 

3 "‘ 62 f.,St;johafort, F 30 f. ) 43 i 7 - 7 S»i.i .= 

: , Observ 43 17*8 5 22 ? 

[Planier I. It. R 4"', l.'llf. • 43 ii’9 5 14'f 


Lat. N Lon E 


|43 i7'7|5 
143 t 7 - 8'5 22'? 


1 1 . Rion, EW Im. tow. 


C. Sicie, Semaph. 


Grd. Kioedu, It. t i»2l'. 


43 

11-95 

14-C 

43 

n js 

22 

43 

JO (5' 

23 

4 3 

12*8 5 

32-0 

43 

8-7,5 

33-‘' 

43 

io-3|5 

36- 

43 

8-2'5 

45-*; 

43 

3 '^ 5 

SI-.: 

43 

7-5 5 

56-0 

43 

4*4 5 

56-5 

43 

1 6 

9 


41 7 3 » 

42 14 3 17 

42 J7 3 17 
42 19*2 3 20 

42 19-c 3 10 
42 2103 13 
42. 3TCj3 7-t 
42 31-3,3 7-c 

42 43 2 

43 o*.sj3 4’c 
43 ii-»;3 

43 »S\S'j3 30 ' 
43 '"•93 r 

43 16-7 3 26 7 

43 ^3*8 3 4^': 

43 37 3 53 

43 32‘c 4 

43 20'7 4 4»'c^ 


Porquerollea I., 4m., S. pt., ( „ 'go ... 

It. R 4“' 202f. j 4a 59 Y ^ 

Port Cross 1., -J- 21m. Fort 1 I, 

Visie ...1.,... J 59-9® 

Gabiniere rk 42 59-3 6 24*0 

Titan I. 4.^10., NE. part, 1 ^ „L 

.... f « 30-7 

C. Camarat, It. R 1"' 426f. 43 12-06 40*7 

St. 'Froja z 43 14 6 34 

Frejus, t- 43 25 6 46 

(!. Roux, 1, .sum. ICOOf. ... 43 28 6 55 

Cannes, S. tower 43 32-97 i*c 

Lenin Is. EW 2m., S. extr. rk.s. 43 30 7 3 

C. < . . -iipp. It. F ;338f. Us 33‘8 j7 8* 

Anuin barb. It. R 2'“. 4‘)f. 43 35-117 7-7 

_ St. Lauivni du Var 43 40-7 7 ii*c 

Nice, St. Francis Ch 43 42-017 17 0 

Vill.i Franca, ffl 43 42 h 18 

I Pt. Mala It. 1 30" 22.'3f, 43 40-07 19-5 

jMotiaco 43 43-07 27-0 

kl. SI. Martin 43 43 7 33 

-B V. nthnigliu Pt 43 45 7 43 

55 Mt. (Iramle, 310Uf Us 5*^ 7 37 

I jo 49 7 54 

j Port Muurizio, mole bd '43 53’2 7 59’c 

i (y. dc la Mcle, 4 43 58 8 11 

jGalhnara I. tow 44 2*1 813 

X I Finale, Ch 44 9-98 jtj\ 

i .Noli, (Jonv. St. Francisco 44 11-98 22*7 

j Vado, fort St. Lorenzo '44 15-58 24*5 

I Sa\ona, tli'*’, Citnilel '44 18-48 27-7 

Polla rk 44 ^S'oS 46-c 

Konnentera 1., 3in.,SEpt. I , 

- It. F.MSf ..... I I 3« ii '.6 

I S pt., or Pt. 2\ngnil!i, l| 3^ | ®3 

.Kspardell I., j- Im 1 I* ^9 


9-98 19-c 


, Bledaz Is., outer, or NW. one 
j Port St. jVntoriio, 33 , Coiu'jera 1 

I grande L, N. pt ) 

|Nst. i)t., Pt. Denserra, 

'Fagoniago L, ^m 

I L i/a, tS, Castle. 

j Cabrera I., S. pt., ) 

Pt. Anciola } 

C. Falcon, SE pt 


i.S. extr , C. Salinas, 1 . 

|C. Blanco, 1 , tow 


j Dragonera L, 


jE. extr., Pera, L, tow.. 


I W. extr., C. Bajoli, 1 , tow. 
i C. Calialcria, 4 , J. 


i Mahon, 0 ?!, mole (It. t' 7 . 31 .).. 
iVyre 1 ., EW |m 

Razzoli I., It. F 282 f. 


3X 

38 ii 

'^6 

3^ 

38 U 

23 

38 

48 >1 

29 

3 ^ 5 ^ U 

12 

3« 

59 |i 

10 

39 

0*4 I 

I4*c 

39 

8 ii 

3a 

39 

3 |i 

39 

38 

54*3 I 

26-7 

39 

5 2 

53 

39 

5 * 

c6 

39 

10 '2 

57 

39 

H is 

4 

39 

20 12 

47 

39 

34*12 

38*5 

39 

28 2 


39 

36 2 

18 

39 

38 a 

28 

39 

57 3 

15 

39 

4^ 3 

27 

39 

55 3 

51 

40 

' ,3 48 

40 

5 '4 

7 

40 

3*54 

8-7 

39 

5^-7 4 

24-5 

39 

52*54 

21-0 

39 

49 |4 

J9 

41 

»8-3'9 

20-7 

41 

14*29 

9-2 

40 

50-2:8 

24*7 


By recent obacrvatlona rna4ie ov oru6»- of iu« opouLb tiovniiiment the longitudes of fvi/.a, Af.iiorca, and 
Miuorok nU2«ii^ Im »4' more to the eant. 
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TABLE 10 


MARITIME POSITIONS 


Asinara I., lO n. NW. | 

I sum. 123‘.)f. j 

;C. Falcone, tow. 6 1 Of. 

C. Argentera, sum 

; C. Caccia, j, P. Conte, sum. 

jAlghtro, Cath 

I C. Marargiu, rk 

C. Matmu, tow. on N. pt 

Mai di ventre, rks. 3rn. mid. 

Coseio di Donna, rk. c] 

C. St. Marco, tow 

C. Frasca 

Oristano, grt. tow 

; Mt. Areuento (or finger ofl 
j Ori.stano), 2713f. ) 

• St. Pietro 1., NS .'>Ain. sum. ) 

i 702f. 7 { 

St. Antioco I., NS 9m., S. I 

sum. 78 If ) 

Toro rk. T, 5 or 600f 

C. ToularU, 1 , T, sum. 725f. ... 

Port Malfatuno; tow 

C. Spartivento, S. pt 

Cagliari, w, St. Paneras, Ch. ... 
Cavoli 1. (offC. Carbonara) tow. 

C. Ferrato, .L, 80f. pt 

Mt. Seven Brothers, 3186f. ... 

C. Uellavista, h, tow 

Mt. Gennargentu, 6102f. 

C. Coraino, pt 

Limbarra pk. 4331 f. 

Tavolara I., ^ 3.im., E. pt. .. 

. C. Figari, sum ' 

Rock 

Caprera I., NS 5m., sum 

Madalena I. old fort 

Giraglial., It., RV" 269f. 

St. Fiorenza centre of Town 

Pt. Pcrallo 

I Calvi, Pt. Rivellata It. F 289f. 

C. Rosso, W. pt 

1 Sanguinares Is., Im. It. R \ 

4"' 32lf. ) 

! Ajaccio, Cath 

j C. Muro, SW pt 

! C. Campo Moro, tow 

Pt. Senetoso, A, extr 

C. Ferro 

Bonifacio, 

• 8 . extr. or Mt. Pertusato It. 1 

R 1'" 325f. / 

Port. Sta. Manza, @0, Pt. Ca - ) 

picciolo, tow / 

Porto Vecchio, It. R4‘'’ 216f. 

Pt. Chiape 

E. extr. Fiorentina tow 

Bastia, 03, mole It., F 52f. 

Monte »Stello, 4532f. 

Finocchiarola, tow. 

Genoa . 3 Its. R J"* 370f. 1 

R' ,50f. R*^ 80f. / 

Pt. Chiapa, sum 

C. Porto Finn, fort 

Sestri di Levante, fort 

Port Veuere, N. entr 


. N Lon. E 

0 

5 8 8^ 182 

IT 

5'’*3 8 12*2 

§ 

43*7 8 9*0 


33*58 10*2 

33*58 19*2 


19*78 23*5 


2*5 8 24*0 

' 


40 2.* 5 a 24*0 

39 59 8 18 

39 5^*8 51 17*2 
39 51*2 8 26*5 
39 8 ^7 

39 54*38 317 

39 35*78 33*5 
39 27*1 8 25-2 
39 9'7 8 177 
38 58*3 8 26-0 

38 51-68 25-2 
38 5**98 39 ? 

38 53*1 8 48-7 

38 52*58 52-5 

39 *3*^9 7*7 I 

39 6*1 9 31-5 cj 

39 *7*5 9 40*^ l: 
39 *8-59 26-5 

39 55*89 43*5 i: 

40 I 9 *9 < 

40 31*49 50*5 
40 5I'09 ii*o 
40 54*89 45*0 

40 59*9 9 39*7 - 

41 16-99 29*0 
41 12*9 9 29*0 

41 13*49 24*0 

43 1*89 24*2 

42 41-09 18*0 
42 44** 9 *3*4 
42 35*28 43*5 
42 14*38 32*5 

41 52*88 35-7 

41 55*08 44-7 
41 44*58 39*5 
41 38*5 8 48*5 
41 34*0 8 47-0 
41 23.89 5*7 

41 2,3-89 9*2 

41 22*29 II-2 

41 25*19 157 

41 35*29 20*7 

41 36*09 22*2 

42 17*09 33*7 
42 41*8 9 27*0 

42 47*5 9 25*0 © 
42 59*3 9 28*0 ^ 
u 

44 24-9,8 53-0 ^ 

< 

44 20*0:9 10*5 ^ 
44 i8*2|9 14*; 

44 *6*41,9 25*5 
44 3*29 52*7 


Tino I., ir F .38 tf. 

Spezzia, IS, Castle 

Monte Altissimo, 5213f. 

Viareggio, Sanitsi 

Arno R., mouth, fort 

Pisa, leaning tow 

Florence, Cath 

Malora bcac 

Leghorn, m, It., R'^**40* 154f. 

Gorgona I.. NS l^m., A, mid. 

V^al di Vetro rf. ^ 3m., W pt. 

(’astagnetto, fort 

C. Huia, tow 

Piombino, palace 

C. Troja, tow 

(’a.stiglione, fort 

R. Ombrone, mouth 

Formiclie, 2m., N one 32f. 

'ralnmone 

St. Stefano, centre of 'Pown ... 


K‘.aj>raia I. ^ 4m., Fort 

(Paimajola 1 ., NS ^m. It. R 

jlClba, N. extr. or C. Vita 

j-— Porto Ferrajo, tB, It. F 20()f. 


Mt, Calamitii.. 


I., '"ij- .3m. 2070f. 

kiiglio I., -jj,- 5m., S. pt 

j(Jiariuti 1., ,j- 2in., S. pt 

Formica di Burano 



Lat. N 

Lon. K 1 

44 ® 

24 

9 ® 

52 0 

44 

6*3 

9 

52-2 

44 

3 

10 

*4 

43 

51-8 

10 

* 5*7 

43 

40*8 

10 

i6*7 

43 


10 

24*0 

43 

46*6 

11 

* 5*5 

43 

32*6 

10 

*^•7 

43 

32*7 

10 

* 7*7 

43 

25*8 

9 

53*5 

43 

i8-2 

10 

21*7 

43 

10*7 

10 

327 

42 

59*7 

10 

297 

42 

5 S‘/ 

10 

3 '‘: 

42 48* I 

10 

44 *' 

42 

46-0 

10 

55*0 

42 

39 

n 

0-3 

42 

34-6 

lO 

53 

42 

32*3 

1 1 

8 

42 

26-4 

1 1 

7-2 

42 

23-2 

11 

* 0*5 

43 

3-2 

9 

50*3 

42 

5*9 

10 

28-7 

42 

52*6 

10 

24*7 

42 

48-3 

10 

20'5 

42 

46-2 

10 

6-2 

42 

45-8 

10 

24- 2 

42 

43*8 

10 

23*7 

42 

32*7 

10 

27 

42 

21*5 

10 

37 

42 

20*3 

10 

i8-, 

42 

19*2 

10 

sv 

42 

14*2 

II 

6*5 

42 

23*0 

1 1 

O'"' 

•I 42 

5‘7 

1 1 

47 

42 

2 

J 1 

S'" 


Civita V<?cchia, [^1, It. R 82f. 42 5-7 1 1 47 

C. Linaro, rf. t 42 2 n 5'^ 

Tiber, 11. Fiumieino, It. R ... 41 46 12 1 3 s 

Rome, St. Ptder’s, dome 41 54*2 la 27 r 

Port Anzo, [X], It. R 41 26 912 37’5 

Mont<; Circello, It. F 41 I3'4 *3 4 ' 

'I'erracina, It, F 41 17 *3 

(laeta It. F, Orlando tow. 190f. 41 12-4 13 yVJ. , 

Mola, watering pi 41 i5'oi3 ‘ j 

Castcl Volturuo 41 2*513 57 '^- 

Palinarola 1., NS l^m., N. pt 40 56*7 12 513 
Pon/.a I., ,1'^- Im. .sig. st. (It. F) 40 34-0 12 58"' 
-IZannone T., E\V Im. sig. st. | fo 58*2113 V7. 

iBotte, rk.s 140 5o*4|i3 6-.! 


Vandotena T., lim. t, ) 1 ^ ..-..rln 
fort St. Nicohr.... .....l:j k° ^7 5|*3 


T.schia 1 • , % 5 ^m . , Castle, E. pt. 40 
Procida I., NS 2in., N. pt. It. F 40 

Baia, Castle 40 

C. Miseno, pt. (It. to be) 40 

Pozzuoli, Ch 40 

Naples, Obs. Capo di Monte 40 

, mole It. R, 2™ 161f... 40 

Torre del Greeo, W extr 40 

Mt. Vesuvius, 3900f 40 

C;istelainare, It R 3™ 105f..... 40 

Sorrento, fort St. Anton 40 

Pt. Campanella, It. F 77f. 40 


43*9 *3 57*7 
46*2 14 1*^ 

^48*7 14 5‘o 

46*5 14 5*r 

49*2 14 7‘? 

51*8 14 * 4‘7 
50*3 14 * 5*7 
47*2 »4 2r: 
49 *4 26 

4, -5 14 
37*6 14 T 
33*c 14 »9 5 
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TABl.K 10 


MARITIME POSITIONS 


( 27 ) 

I Capri I., 


EW .Sm., S. or) 


Dino I., EW 3 c., 


Mt. Coc'uy?. 
St. Euf'eini.-* 


Lat. N 

Lon. Fa 

0 

0 

32'< 

3 14° 

ij'7 

40 

39 

14 

31 

40 

34* 

D 14 

26*5 

40 

40 

H 

45 

40 

>4 

14 

53 

39 

59 

'5 


40 

1 

1 5 

33 

39 

48* 

c,i5 

4^*7 

39 

37 

1« S 

5» 

39 

16 

|i6 

16 

39 

3 

ii6 

15 

38 

37* 


5* 


.N Lon.E 


Gioja 3S 

Scylla 3S 

Reggio 38 

I N. ami Est. I. Stroinljoli, ) « 

crater, 3090 f ) 


... 3S 24 |f5 56 

... 3 S H'5'’5 45*0 
— 5*91*5 40*0 


C. di Gallo. It. F 38°i3'5 I3“i9'z 

IPalekmo, Observatory ... 38 6*713 zi 

It. R ‘J"’ 9 t 2 f. 38 8-2 13 22*5 

Zaffarana. J, E. pt 38 6 5 13 32*5 

^ Termini, fort 37 59*5 13 42*2 

Cefulii, ('atli 3^ 2*214 1'7. 

Caroiiia, (^asfle 37 59 14 27 

C. Orlando, I, ('astle 38 9 8 14 45*0 

C. ('alava 38 12:5 14 54 

Milaz/.o, It. E ‘JS"^f. 38 16*115 14*0 

Skerki Hank. 4 37 45*5 10 49*7 

Keiths rf., T 37 48*6 10 56 6 

Pantellaria I., S. Lconardol ^ r., 

Winrhnill / 36 5° >1 57 

Stun. 36 46 ? T2 0*5 

|l Jrahams sill., n-f. 37 9 12 43 

- ; Linosa I., ’If r|in.,landg. cove 35 51*812 52*0 
j Lampion I., .j- jm 35 32*8 12 20*0 


Avola ....' 3^ '5 

Pa.ssaro I., NS Jm., It. El. 3"’ 3t 9’T 

— S. extr., or Correiiti 1 3t 38 5 15 5*2 

(J. Scalambra, It 36 47 ‘4 ^9'7 

Terra Nuova, Col 37 i'9 *4 *5*'^ 

Alicata, Castle, It. F 37 4’o *3 

Rosello, It. ho 37 *7*5 *3 ^7*7 

Girgenti, [X!, Mole It. 2 It. F . 37 '7 *3 

C. Bianco, 90f. (.shl. ^m. S.) | 

tower j ^ ^ 

« C. St. Marco, fort, tow 3 7 29*5 *3 ^ 

C. Granitola, It. R 3“' 87f 37 33'7 4°’“ 

Mazzara, Cath 37 39'2 12 33" 

Marsala, (It F .55f.) 37 47*4 '* *7 

Trapana,lX],Columbara ItFlS'” 38 0*712 30*2 

St Julian, Castle 38 22*712 36*1 

Maritimo I., NS 3m. 2370f. ) ' «... 

N pt., Cakle ) 37 5i> 7 J 7 

Levaiiso I. ^2. 3m. N pt. J, tow. 38 1*612 21*0 

|Kavig„a„a 1., EW Tim. St.) 

j Catli. ^astle, 1 249f. ( ^ 

Porcelli rks., |m., j 3^ 4'5 ** *7'^ 

Formiche, 2 U. EW 2m.,) . 

W one ( ^ 

C. St Vito, It FI 38 II I 12 44*2 


I Lampion L, ,] jrn 35 32*8 12 20*0 

Panaria 1., N. pt 38 3^’? '5 4*5 Lampedusa L, EW 6m., j, ) 

Sccca di Capo 38 37*214 54*5 « Castle j 35 9 *- 35 

Salina I., Salvatore M., 31 25f. 38 33*214 50*7 ^ Valetta, Palace [Q 35 53*8 14 31*2 

Lipari 1., summit, l97Hr’ 38 29 14 56 Spencer’s MonunuMit 35 53*014 31 

Sst I., Vuloano 1., I601f. ) St. Elmo It. F lli7f 35 54*1 14 31*5 

It. F FI ( «. E. extr. Pt della Mare | 

Felicudi 1., 2598f. Ch 38 34*1 14 34^ (»*^‘- * a***-) R* 1“> f * '4 34 

Aboudi I., summit. 2172f. 38 32*7:1421*1 Gozo I., 9m., NW pt., ) , 4.- 2 14. ii--* 

Ustica 1., J2-3m.C. Faleoniera 38 42*5!! 3 IJ*7 ”*’ ) 

Enro I., it. on E. extr. R 3"' | _.„L „ . <Wle Arm), tow V t-. •= 4^ '’ 

j2f (' 3^ '5 ^ *5 .^9 C. Sjiartivento 37 56 16 4 

Mc'ssina.'ffl.'it. Eyiiiriir.... 3« ”’-‘S 3?- ^ 38 * >619 

Tfizxi Tower 37 34'4 > ,3 C. Rizzuto, pt )t. !■.. 38 57 ,7 , 

.\lt. Etna, 10,H74f. 17 45 '5 ^'7 - .V ’ !^o. x ’’ ® 

Catania, mole It. K 37=8-3i5 Cotrona ((.astle It. F 98f.) ...39 7-5,7 9-0 

C. Sta. Croce, If, 37 H t >5 '• ^''Z' ‘T’ 39 ^4 >7 9 

Augusta Port, IS, It. F 72f. ... 37 8 . 3 14 *' Tf'mta, tow 39 35 ,6 47 

C. Panagia. pt 37 ft-si.s <;■■< n : ’’ ” >6 34 

Syra.use', ffl w. r. U F 72f. . 37 30 < 5 *8'5 „ ’ [.'"pi/ ’+ 

C. Morro di Porco, It 37 o ohs ^-to. It P 23f 40 *4 >7 O 

' ■' o ' ‘'' t Cesareo, tow 40 13 17 56 

- 1 Gallipoli, St. Andrea I., , 

; »n;.,mid. iNpt. It. F)!) 3 «7 56 

„ 'A ';C. .St. Maria di Leuca, Ch. ... 39 47*7 18 22*2 


37 47*4l'* *7 

38 o*7|i2 30*2 

38 22*7 12 36*1 


1*6 12 21*0 
55-712 19*2 
4*5 12 27*. 


15*0 ' Gagliano I39 51 18 20 

f.- ' 40 8-6 ,8 29-7 

^■2^-'r Port (Hrunto, Efl, Castle 40 9*1 18 28 

Bi indi..;i, 337 ,Ti;legr.(lt.F 106 f.) 40 39*317 58*2 

'7 Torre della Testa 40 41*417 52*5 

2 MonopoH, Telegr. (It. to be).. 40 57*1 17 18*2 

40*2 "jPolit?iiano, Telegr 40 59*717 I3’5 

Alola, Telegr 41 3*7 17 5*7 

27 0 13an, Ch. (It.to he) 41 7*7 16 52*5 

30*2 iMolfetta, tow. (It. F) 41 12*3 16 36*0 

36.i § jBisceglia. [Ll*’^, grt. tow 41 14*416 30*5 

5 jTrani, [XI, Castle 41 18*0 16 25 0 

3*7 |BarlcUa, LS®, Telegr. (It. F)... 41 19*3 16 17*5 

I Rivoli, Telegr 41 29*2 15 56*0 

Manfredonia, Telegr 41 37*715 S5*o 

19*2 .S Mt. St. Angelo 41 43 15 57 


A^ieste, City 41 


Ut 56*816 


38 I |i2 215 
38 Ii*iii2 44*3 


[Varaiio, W. tow 41 55 5 15 4S*<; | 


»stel a Mare, Petrolo pt I 38 2*5112 54 


Mileto, Telegr 41 55*915 37 5 1 

Campo Marino, Ch 41 57*515 

Termoli, Telegr 42 0*214 

iTremiti Is.. j{^ 3 in . mid. Castle, .\z 7 * 3 ' ^ 5 


0*2 14 59*r 

7 * 3 't 5 30*5 
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TABLR 10 


MARITIME POSITIONS 


Lat. N , Lon. K 


Pianosa I. I, EW. 4c., sipf. st... 

I Pi4ii}^osa Is., 2, '1^- Im. W. i)t. 

I Petraociato, Ch 

j Vasto Aiiimonc, Ch 

1 Pt. Ponna, tow 

I Ortoua, Ch 

I Fi anravilla, Teletjr 

; Pcsoaro 

1 Grail Sasso iP Italia, sum 

I fSilvi, sii;n. st 

! Colondla, sum. lOHOf. 

'Rio Troiito, tow. entr 

, (h ottamaro, Ch 

' Pedaso, Ch 

Fermo, CuCh., 1200f 

] Loretto, Ch. hC.'if 

' Miv//alnna Pt., tow 

Anrona, It. R 1™ l.W. 

Sinigaslia, Cath. (It. F) 

I Fano, It. F 

' San Marino, 24G0f 

Pe.saro, It. F 30f. 

Rimini, It, F 

Cosonatico, 2 Its. F R 

KavtMina, tow. (It. F) 

Goto, ft], W. mo. of the Po — 

l*t. della Maestra 

l*ort Brondolo 

Chioggia, [I], Cath 

Port ]VralHmo‘*co, SI 

Port Lido, |1J, fort 

jVenice, St. Mark 

iVcmiee Ol)servat»>ry 

;R. Tagliamcnto, fort mouth ... 

I Port I.iign.'uio, (XI, entr 

|Grado, Ch. (It. F) 

Monfalcone 

Trieste, [3, It. R ilO’, Castli; ... 

Capo d’lstria, C’h 

Pirano, St. G. Ch 

Pt. Bassania, It. F 11 Of 

Citta nuova, S, Ch 

Parenzo, Ch 

Rovigno, IX], Ch., St. Eufernia 
Pola, (Xl, Ch. St. Franceseo ... 
C. Promontore,Porer rk. It. 1 
F, lllf. (rk. SSE Urn.) j 

Albona, Ch 

Fiationa, Ch 

Fiume, clock tow 

Porto Re, Castelnuovo 

Segna, mole 

Carlopago, mole 

Nona, Cath 

Zara, St. Simon Ch 

Za.a Vecchia 

Galiola rk. 

Uuie Bay, Islet [2c] 

Sansego I., 2m., 350 f. sum. 

Grivi/.i^a I., [^m.] 

Sette Bocche Chan., N. or) 

Bonastra Pt ) 

Mt. Vela Strazza, 1070f 

Zuri I., 7m. E. pt., Mas- ) 

sariua 1 ) 

Scbenico, Castel VeccMa 

(Zirona piccola, L, sum 


42 13 5 15 44 7 
42 23-7 16 15*0 

42 1*5 14 S3’5 

42 6*6 14 42*7 

42 10*4 14 43*0 
42 21*3 14 24*2 
42 25*o'j4 17*0 t 
42 27 14 14 

42 28 1 13 34 
4233*814 5*5 

42 52*3'i3 52 
4^ 54*4; » 3 5 5*? 

42 59*8 13 52*2 

43 6*413 53*0 

43 9*9|«3 43*7 

43 26*7 13 37*2 _ 

43 33 13 

43 37*7 *3 30-5 
43 43*0 13 13*? 

43 5**3 »3 I*? 

43 57 29 

43 55*7 54*7 

44 4*6 12 34*5 ^ 

44 13 24 ^ 

44 ^5*3 ? ”§ 

44 48 12 22 ^ 

44 59 3^ . 

45 10 12 20 ^ 

45 12*912 17*0 

45 22*3 12 20 ."g 

145 26*4 12 24*2 
45 z5-9|i2 20-2 
(45 25*8 12 21*2 
145 3«*^- >3 6*2 

45 41 n 
45 4*2*3 13 23*2 
45 4‘'^*3 n 32*? 

45 3^*6 13 46*5 
45 32^*7 13 44*? 

45 3**613 34*'? 

45 ^7*3 *3 ^9*- « 
45 18*813 33*7 I 
45 13*613 3S-7|:^ 
45 4*913 38-^> 

44 52*5 13 50*7 

44 45*^ *3 54*? 

45 5** 14 7*7 

45 8*2 14 1 ro 

45 19*6 14 ^6*7 

45 i 6*7|I4 34’r - 

44 59*614 5*1*^’ 

44 31*7 15 4*7 
44 14*615 11*? 

44 6*815 14-0 

43 56*3 15 ^6*7 

44 43*5 14 11*0 

44 38 14 14 

44 30*9' 14 18*2 
44 ^4 |i4 33 * 

44 12*3 14 49*0 ^ 
43 59 ^5 ^ I 

4337*51544 

43 44** 15 53*7 
43 27 16 4 


Trail, St. .TohrFs Ch 

Spnlatro, Paul ini tow 

Macarska, Ch. tow 

Solta I., f’f- 10m., SE pt 

Brazza 1., JCW 71. St. Vito, 

sig. st. mid j 

Lessina I., FIW 121., Fort 1 

Imperial j 

Li.ssa 1., EW Om., Port St. ) 
Georgio, St. Francis Ch. j 

Busi 1., 2im., sig. st 

St. Andrea in Pelago, 1 Im. 1 

lOOOf. ^ ‘ f 

Poino rk. ‘[2c ], 1 

Prohdo I.; EW lin. (offW) 

pt. of do.) j 

■ Curzola I. EW 81., fort St. 1 

Riaggio j 

Cazza 1., 2m., sig. st 

Cazziola 1., -J5. im 

Lagosta I., EW 7m., St. 1 

George Chap, (It. F) / 

Lagostini rks., EW E . ) 


Meleda T., % 71., W. pt. , 
— Port Fiila/zo, [$!, ruin 


j Ragnsa, [^1, fort, M'. bast 

j Markaiia Is., grp. ^ 2ni., sum. 

j Molonta 1., sum 

Pt. Ostro, It. F 2C3f. 

I Katlaro, Sanita 

Vetergnacb, .'lOOOf 

Budua, Greek Ch 

Antivari, W. pt 

Duleigno, [X], la Gala beach. .., 

C. Rodoni, 400f. 

C. Pali, sum 

Durazzo, mole 

C. Laghi, tow 

Avlona, or Valona, 01, \v , ) 

(histom ho } 

j Sasseiio I., -^}g- 2m. sum. 1000,' 

C. Linguetta, 1, 2200f. 

. Mt. Cica, O.'iOOf. 

jPort Palermo, fort 

I C, Kiephali 

, Tignoso It . F 

Port Gornenitza, (5^1, Dogana... 

Parga, w. Madonna T 

Mt. Zarotheina, .3000f. 

Prei esa, tort Giorgio 

Voiiizza 


Faiio 1. 7,|-- .3 m . S W sum. 1 339f. 

Merlera, NS 2m. sum 

Samotliraki 1., 2.iin., N pt. 

Corfu, Citadel It. F 21 Of. ... ® 

— C. Drasti 

— Mt. St. Giorgio, 1288f 

— C. Bianco, pt 

— Lefehimo Pt., It. v. 7, F ... 

— Vido 1., Fort Alexander ... 


Lat. N I Lon. E 

43°3o'9i6°'s'-’ 
43 30*416 26*7 
43 17*5 17 1*0 

43 19 16 23 

43 16*7 i6 37-5 

43 10*7 16 27*j 

43 3*416 10*2 

42 58 16 2 

43 1*71545*7 

43 5*5 15 27*7 

42 59 16 37 

42 57*417 8*0 

42 46*0 16 31*0 
42 45 16 43 

42 45*0 16 52*0 

42 45*8 17 9*0 

42 47 17 18 

42 46*8 17 21*7 
42 38*9 i8 7*0 

42 34*3 18 12**3 
42 29*9 18 23 5 
42 23*4 18 31*7 
42 25*4 18 46*5 j 
42 19 18 52 I 

42 16*5 18 50*5 
42 2*3 19 6*5 

41 53*8 19 II 
41 37*6 19 zS-j 
41 23*1 19 
41 18*2 19 26*7 
41 10*2 19 25*5 

40 '27*2 19 26 7 

40 29*2 19 M'-' 
40 26*7 19 17*7 
40 15 19 I- 

40 2*9 19 48 ? 

39 54*3 *9 5 5*5 
39 47**^ ^9 ^8-<i 
39 29*7 20 17*1 

79 1 6*4 7,0 
39 11*2 20 38 
38 56*7 70 

38 55 20 53‘: 

39 50*2 19 24*2 

39 53*^ 19 36 
39 46*7 >9 3’'5 
39 37*0 *9 5^*7 
39 47*6 19 4'*5 
39 36 19 48* ^ 

39 2 1*2 20 7*7 

3927*520 p 

39 38*2 19 56*5 


Pa.KO I., % 4-}rn., NW pt. ) 14-420 8*5 

Laka It. F ;3ti!)f [ 39 *4 4 

I— Port Gajo, m, It. F 107f,... 39 1 * 
jAntipaxo I., % 2m., E pt. ... 39 8*7*0 14° 
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MARITIME POSITIONS 


CU) 


Places 


Lat. N I Lon. K 


(32) 


Places 


Lat. N 


Lon. E 


Sta. Maura, It. F Castle, 54f.. 
I — Scsola rk, 114f. 


’ Mt, Stavrota, 37(J0f 

I — S. extr., C. Ducato, 1, 200f. 

1 Ithaca, N pt 

I — Vathy, Port, lil, Lazaretto 

— S.E. pt., or Ij;aiiui Pt 

(>ephalonia, N extr 

— C. A terra, pt 

— Guardiana J., It. F 122t‘. .. 

— Port ArgostolijC. S.Tlieo- I 

doros. It. F 3jf. ) 

— St. (Tcorge, Ca.stle, lO.jdt'. . 

— Sum. or Mt. Elato, 52lHf. 

— S. pt., or C. Mouda 

Zante, N. pt., or C. Skinari.. 

— Mt. Vachronis, 2724 f 

- S. pt., C. Marathia 

— ■ leraki Pt 

— Mt. Scopo, 1G2U‘ 

- Port, 2 Us., F' 281' 

Krio Nero It. F 931' 


3 8° 50' 5 
38 41-5 
38 41-6 
38 33-S 
38 30-0 
38 22*1 


20°44'3 
|2o 33*5 

20 3X*5 

337 

j20 40*0 
zo 43*5 


IJragomcsti Bay, Astoko .. 

ONia I., pk., 1411f 

Messalonghi 

Ut. hakari 

Roumelia, Castle 

Lepanto, ceiitcr. Minaret .. 

(Corinth, Acropolis 

Morea Castle, cent 

Patras, w' 

C. Fapas, ruined fort 

Montague rks., 2, ^ Im., Tof 

Koiioupoli Pt 

(Rarenza, ruin 

Kastro 4\)rncse, 79r)f. 

C. Katakolo, h 

Slam fanes Is., ^ 2.^m., f, /. | 
It. F 127f ) 

C. Kunello 

Proli I., NS 2m., sum. 605F... 
Sphaghia 1., % 2Am., S pt. ... 

Naxarino, Mo.sque 

Mt. St. Nicolo, ir)42f 

Modon 

Sapienza 1., NS 5m. sum. 740f. 
Cabrera I., % 5m., S extr. ... 

C. Gallo : 

Venetieo 1., NS ILn. (Ants. I 

SSE 2ni.) sum. 570f. j 

Koron, w'N 2m., r, Lividia Ft. 

Kalarnuta, highest ruin 

C. Ki tries 

Mt. Makrino (anc. Taygetus,) | 

790l)f. ( 

Limeni, ® 

C. (irosso, 1, A, sum 

(’. Matapan, 1, A 

C. Stavri 

Marathonisi 

Kurotas II., mouth 

C. Xyli (pk l()40f. N r*5) pt 
Servi L, NS 3^10. S and E j 
pt ( 


38 

19 

10 

4 ^i 

38 

28-5 

10 

34*0 

38 

21*5 

20 

= 5 

38 

8-4 

20 

26-5 

38 

II-6 

20 

29 

38 

8*5 

20 

34*0 

38 

8-5 

20 

410 

38 

3*6 

20 

48 

37 

56*?. 

20 

42*2 

37 

48 8 

20 

42*7 

37 

39 

2C 

50 

37 

42*5 

20 

50*2 

37 

45 

20 

s6*2 

37 

47 *c 

20 

54*2 

37 

48*2 

20 

54*3 

38 

32 

21 

5 

38 

18*7 

21 

7 

38 

21*9 

2 I 

*^ 5 /. 

38 

17 

21 

3 « 

38 

19-5 

21 

4b* 2 

38 

23*4 

2 1 

50*0 

37 

53**1 

22 

52 -T 

38 

18-5 

21 

47*0 

38 

14*5 

2 1 

44*7 

38 

12*7 

21 

23*5 

37 

55 

2 I 

0 

38 

6 

2 1 

2v 

37 

56*8 

21 

8-S 

37 

53*7 

2 I 

8*7 

37 

38 

2 1 

19 c 

37 

* 5*3 

2 1 

0*2 

37 

10 

21 

34 

37 

3*4 

2 I 

33*5 

36 

54*5 

21 

40*5 

36 

54*6 

21 

41*7 

3 ^ 

53*0 

21 

42*0 

36 

48*4 

21 

42* S 

36 

46*6 

2 I 

42*2 

36 

41*7 

21 

47 

36 

42-9 

21 

5^'2 

36 

4**7 

21 

53*2 

36 

47’5 

21 

58-5 

37 

2*6 

22 

7-2 

36 

54.-7 

22 

8*0 

36 

56-5 

22 

22*2 

36 

40-6 

22 

13 

36 

28*6 

22 

22-2 

36 

22-5 

22 

29*2 

36 

36-2 

22 

.32-5 

36 

44*6 

22 

35 ’^ 

36 

48*2 

22 

4 ** 

36 

39 -c 

22 

49*5 

36 

27-c 

,22 

59*5 


C. St. Angelo, A, 1, pt 

Cerigo I., N. pt., C. Spathi ... 

— Fort St. Nikolo 

— S. extr 

Ovo I., NS 8c., 550f. j 

Nautilus vie. [^m.] 

Pori I., ^ ^m. 4l0f. 

Ccrigotto T.,-”}Tr 6m. sum. 1230f. 

Mt. Knthmar2600f 

Moiuanvasia 

Karavi I., rk., j 

Falcoiiera I , -{7 l^m. A, sum. 
Belo Ptmlul.,% L'lm., j, sum. 

Spezzia J., l.^ni. sum. 812f. 
Trikeri 1., NS Im. N. sum.. 

Napoli di Romania 

i Hydra, Y.f- Urn., sum. 1939f. 
iStavronisi I., EW ^ 


36”26 'o 
36 23'o[ 
36 13 
36 7‘7\ 

36 s's\ 

35 56 
35 5 «- 5 i 

35 50 

36 28*2 
36 '41*1 
36 46*i| 
36 50*9 


23^^ la o 

22 577 

23 S'o 

22 597 

23 0*0 

23 13 
23 15 
23 i8*o 
23 8*2 

1^3 3’? 

1^3 36*5 

^3 537 


1 


!St. George d’ Arbora I., 

I 3m., sum. SE j)art, 1085f. j 
'Poros 1., EW 5m., ®', St. ) 

I Nieiilaus j 

jAIetbaiui, Mt. Khelona, 2429f. 
Egina I., Hm., Alt. St. ) 
Elias, on S. part, 1752f. ) 

Megara, tow 

iLepsina 1., or Eleusis, tow. ... 

I Pineus, 2 Its. F 

I Athens. Parthenon 

— Observatory 

C. Colonna, ttanple, 269f 

I Port Mandri, 1^, \v^, ]>k 

■ • Ma<*roni.si I.,-, j- 7m., S. pt ... 

I l*ort !la))hti, [^1', St. Nicolao... 

jC. Maratlion 

i Petidies, or Split Is., sum. ... 

jzea I,, J - lOin. IMt. St. Elias 
1 — Port St. Nieolao, 1$1, It. F 

Thermia L, p lOm. sum. 9GGf. 

Piperi 1 , KW .^m. sum. • 

Ser])bo FouU) Is., EW 1 ^m., mid. 
Serpliol., 7.^01., sum. l.“>85f 
Sipl»aiitj» I., 9m,, N. pt. .. 

Aiiti Milo, NS 2m. sum 

Aiiane.s .’,m 

M 1 1 .0. E W 1 1 m . M t. St . Elias, . 

on SW part, 248()f. | 

— Port, \V. pt., Pt. Vaiii 

Argeiitiera 1., NS 5m 

Polino 1., 'J,- ,3.^m., sum 

Peigues rks 

Policandro 1., 21. sum 

Sikyuo T., 7m. sum 

Nio I., 8m., sum 

Amorgo Poulo I., NS 2rn. ... 
Santoriii 1., NiS 8m., Mt. St. ( 

Elias, oil SE part > 

Christiana I., {As/cania) I 

Im ) 

Anaphi T., 7 in. sum 

Hermonisi I 

Stampalia T., or Astropalaia) 

^4 41., SW. sum / 

Levita I., EW 4m., E. pt. .. 
Zinari I.. bp- 2m., W. pt 


36 54-9|23 277 

37 i5*3k3 87 

37 16*2123 17*0 
37 33 ' 6 p 2 48*0 
37 19*523 28*0 
37 15 23 ^7 

37 28*023 56*0 

37 30'9i^3 28*2 


37 36 


123 ^2 


37 4*'9p3 30*0 

37 59'8;23 20*5 

38 2-4,23 32-2 

37 56-2!23 38-0 

137 58-1 23 437 
i37 58’3la3 44 
37 38-824 17 

37 447^4 ; 

37 38-524 ' 

37 53 'oi 24 i-o 

38 7-1:24 3*7 

37 59-5.24 >6*2 
37 37-324 2 
37 39*424 2o*c 


37 26-2j 
37 i8 -2| 
37 15 
37 10 
37 2-7j 

36 48 
36 33 
36 40 * 5 | 

36 45-3 
36 49*3 
36 46 
36 38 
36 37-1 
36 40 
36 42-7, 
36 36*9 

36 22-cl 

36 15 

36 23 
36 32 
'36 32*2 


37 o*o! 
36 58 


24 23-7 

24 32-0 
|24 36 
[24 30 
‘24 38-5 

24 15 

24 9 

24 23-2 
24 227 

24 33-5 

24 39 

24 35 

4 55*2 

25 6 
25 21-0 

j2 5 42-7 

125 2S7 

25 *3 

25 47 

126 10 

26 197 

[26 32-0 
17-7 


7126 
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^33) Places 

Amorgo I., ^6. 18in. sum. ) 

near mid., 2l75f. j 

Karo I., EW 4m., mid 

Skinosa I., ^ 2^m., SE pt. ... 

Heraclia I., 4m., sum 

; Naxos I., 18m. Mt. Zia, 1 

SE-d of mid. 3290f ) 

— N. pt. or C. JStauro 

Paros I., ^ 12m., Mt. St. ^ 

Elias, mid., 2530f. j 

Roidi, or Buey rk. j 

Antiparos, NS 7m., S. pt. ... 
Strongylo I., l^m., l>t- 

Stapodia, l .jm 

Myconi I., 8m., E. sum. i 

1150f. ) 

■“ Rhenea NS 4.^rn., S. j)t 

La Nata, rk., (rk. W im.) ... 
Syra I., NS 9m., sum. on 1 

PI. side, 1415f. j 

— Gaidaro, It. R l‘“ lO.'if. ... 

Jura I., tym., W. pt 

Tinos L, l.'im., sum. E- ) 

part, 2340f j 

Andros I., ^ 22m., Mt. Ko- \ 
vari, W. side, mid. 3200f. j 

® Kaloyeri rks. NS 2ra 

. Negropont, fort Karababa 

— C. Doro, islet olf 

— C. Koumi 

— Mt. Delphi, 5730f. 

Volo, fort 

Skyros I. , %• .')!., rf. N. end, sum. 

_ — Grand Port, 4?, 

Skyro Poulo, [Im.], 017f. 

Skantzoura I., EW 1 1 

Gaidaro rk 

Adelphi Is., l^m. S. sum. \ 

581f. j 

Kilidromi, ^ 41., S. sum 

Skopclos I . , ^ 1 1 m. sum. 2 1 4 9f. 
Skiathos I., 6m., sum.... 

Saxakino, 21., N and E pt. 

Pelagisi, NS 21. sum 

Piperi I., 1 1. sum 

Giourapoulo 

Mt. Pelion (Patras), 5.31 Of. ... 
Ossa, Mt., {Kissova)f 6407f.... 

Mt. Olympus, 97541' 

Salonika, 

- C. Cassandra, I 

C. Pailluri, / 

C. Drapano, 880f. 

Mt. Athos, sum. 6349f. 

— C. Athos (Agios Or os) 

Thaso I. NS 14m. sum. 3428f. 
— PanagiaNisi, islet off., S. pt. 

C. Phauari 

Maronea, hill, 2174f. 

C. Makri, w' -f- Im 

Enos *. 

Xeros I., NS J|ra 

Samothraki, 12m. sum. 1 

SE part, 5248f j 

— W. pt., C.^ Akrotiri, I 

Zurafa Rock 


maritijvip: pusitions 

Lat. N Lon.E | (34) P] 


36" 

’50^7 25^^ 

’ 55'7 

36 

53 '*5 

40 

36 

51*025 

33*0 

36 

49 * 7 j ^5 

27*5 

37 

i- 8'25 

31*2 

37 

•*• 5*5 

33*0 

37 

2*725 

11*5 

37 

14*525 

56-7 

36 

56*025 

5*0 

36 

56*2 24 

57*5 

37 

25 25 

35 

37 

^7*525 

27*2 

37 

22*0 25 

14*0 

37 

21*725 

4*0 

37 

28*924 

55-7 

37 

25*524 

59*0 

37 

36*2 24 

39*5 

37 

35 *o [25 

14*5 

37 

50 *j |24 

50*5 

3 « 

10 I25 

17 

3 « 

27*723 

35 *? 

38 

9*424 

36*3 

38 

387, H 

9*7 

38 

37 * 4;23 

50*7 

39 

24*0,22 

56*5 

38 

49*724 

37 ‘? 

38 

45 24 

37 

38 

50 24 

22 

39 

5 24 

7 

39 

3*223 

57*5 

39 

5*823 

59 *? 

39 

10 23 

53 

39 

8*223 

42*0 

39 

10-4 23 

29 

39 

14 24 

4 

39 

20 24 

5 

39 

21 514 

20 

39 

26 24 

11 

39 

26*523 

3 

39 

48*o'22 

42*0 

40 

4*7 22 

22*0 

40 

38*8|22 

57*2 

39 

56*7:23 

22*0 

39 

55*2123 

45*2 

39 

56 * 5 i 23 

57*2 

40 

9 * 5, ^4 

20*0 

40 

6*524 

21*5 

40 

4 i* 7!24 

42*7 

40 

33 *o >4 

37*7 

40 

56-725 

8*5 

4G 

52*725 

32*5 

40 

49*525 

45*0 

40 

42*0 26 

5*0 

40 

36*5 26 

44*0 

40 

27*025 

35*5 

40 

28*2 25 

7 7*o 

40 

27*5125 

50*5 


Agio Strati I., ^ 5^m. sum. \ 

E. part, 973f. / 

Lemnos, 71. W. pt. orl 

C- Mourcheflo j 

— Moudros, ® 

— S. pt., or C. Irene 

— N. and E. pt., C. Plaka ... 
Irnbros, jj- 51. sum. 1959f. ... 

— W. pt., or Pt. Aufiaka 

D.ardanclls. Asia Castle 

Gallipoli, It. F 

Koutalai I. EW 2m., W. pt. 
MarmoraI.,EWllm.SW sum. 

Pasha harb., i^. Liman 

Rodosto 

Erekli 

Constantinople, St. Sophia ... 
Fariar Bouriiou, old It. ho. ... 
Proti I., [Im.] Vill. E. side... 

Ismid 

C. Bosbouroun 

Papa, or Kalolimno I., NSl 

4m. N. sum | 

Rabi I., 4m. ^ SW pt 

Buyuk Derch, N. minaret 

Bosphorus, Europe It. F 190f.. 

Kilios, tow 

C. Karabournu, N. pt 

C. Kouri 

Cizdpol 

Bourgas, Minaret 

Akhidlo, Mosque 

C. Emeueh, E. pt 

Varna, Mosque, mid 

C. Kaliagri, ruin 

C. Shablerlt. F 120f. 

Kioustenje, Mosejue 

Portitski Mouth 

Danube R. Soulineh mo. It. F 
Serpent's I., w. It. R -i™ 19 If. 
T.saregradskoe mo. 2 Its. F52f. 

Akerman, Ch 

C. Fontane It. F 200f. .... 

Odessa, Cath 

IBerezanl., -^jg- ^m., fort 

I Kinbourn It. v. 2 vert 

Otchakov., Ch 

Nieolayev, 1^, Observ 

■ Kherson, Cath 

Tendra 1 , 1, -^8m.N.end,beac. 

— It. R. I- 20** 84f. bell 

Armiansk, Ch 

C. Tarkhan-kout, or flskifo - ) 

ros. It. FP 109f. / 

Koslof, or Evpatoria 

C. Khersones, /, It. F 11 Of,.... 

Sevastopol, Ch 

C. Saritch, pt 

C. Aitddor, It. F 343f. 

Mt. Tchatirdag, SW sum. 

C. Meganom 

O. Keatlama, 

Kaffa, or Theodosia 

C. Tehaouda, S. pt 

C. Takli, It. F 313f. 


Lat. N Lon. K 
39®3i'ois° r '2 

39 58*7315 2-0 
39 52*025 i6*2 

39 46-625 2l-<; 

40 1*725 27-0 

40 10*625 49*0 
40 7-2125 40-0 

40 9-026 24-5 

40 24*0 26 41 

40 33-027 27-5 
40 36-527 35-0 
40 29-527 36-2 
40 59*727 31-u 

40 58*527 55-0 

41 0*328 59-2 

40 57*7319 2-2 
40 54*029 3-5 

40 45*5 30 o-c 
40 32 28 47 

40 33 28 32 

40 28 27 29 

41 10*129 3*0 

41 14 29 7-2 

41 10-829 37 
41 21*7 28 4f2 

41 52-728 3-0 

42 26-327 43-7 
42 30-327 30-7 
42 34*027 40-5 

42 43 ^7 5S7 

43 12*027 56-5 
43 22*1 28 29-7 

43 3^*728 37- 

44 io* 5'28 4i*< 

44 40-5 

'45 9*3^9 40'5 

45 15*530 H*2 

. 46 4-8 30 29*7 

46 IT*9 30 20-2 
46 22*8 30 45*5 
46 28*9 30 44*5 
46 35*631 23 
46 35*431 29*2 
46 36*431 3^**? 
46 58*231 58*0 

46 37*7 3^ 38*0 
46 21*7 31 3 ^'^ 
46 18*931 30*2 
46 7 33 43 

45 20*7 32 29*7 

45 11*7 33 21*7 
. 44 35 33 

44 37*933 ^ 9 ’S 
44 ^3 33 44 

44^5*3 34 7*7 

44 44*0 34 C*-r 

44 46*735 7 

44 57*035 22 

45 1*635 24*0 

44 59*5|35 49 

45 5*9,36 27 
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MAIIITIMK POSITIONS 


Lat. N Lon. E I 


Lat. N Lon. E 


Kertdi, (S, Ch S 

Yenikdleh, It. F 342f. 45 23*1 36 39*2 

C. Kazantip, sum 45 28*0 35 54*0 

Arabat, E. bast 45 17*935 29*5 

Jeniobesk 46 lo'o 34 51 

C. Berdiansk, It. R 1“ 86f. ... 46 38*2 36 48*2 

C. Bielosarai, It. F 73f. 46 52-5 37 20'Z 

Mariupol, Ch 47 5*3 37 35‘? 

Taganrog, Ch. S. Mich 47 12*2 38 57 

Azov, Cath 47 7*0 39 26*5 

Long nose, 2 46 48 38 35 

Taman 45 13*036 44 

Anapa, E. Ch 44 54*1 37 

Ghelenjik, ®l, fort 44 33*4 38 3*? 

High Summit, 4m. inland 43 17 40 16 

Soukoun Kaleh, fort 42 59*340 59*7 

C. Batoum, Mosque 41 39*441 37*o 

Rezo 41 3*040 3»*5 

'I'rebizonde, [X], It. F 105f. ... 41 1*039 4^*o 

V. leros, T» N Pt 4* 7*7 39 “^*0 

Triboli 41 1*038 49 

Keresoun 40 57*238 24 

(h Yazon, I, rka 41 8*537 41*5 

Eunieh, S. Mosque 41 7*7 37 i7’7 

Samsoun, N. extr. City 41 18*236 21*2 

C. Kizil Ermak, W. mo. riv. 41 44 35 58 

Sinope, Castle 42 2*235 i^’5 

C. Indjeh Boornou, ^ 42 8 34 5^ 

C. Kerernpeh, 201., NW pt.... 42 33 17*? 

Amastro, E. extr 41 45*3 3^ ^4*5 

C. Baba 41 20*9 31 26 

Heraclea,orrenderfkli,ltF(j67f 41 17*131 ^7 

Kt’phkcn Adassi I., fort 41 13*230 17*5 

^ Asia It. R 2'" 249f, 41 13*029 9*4 

Rabbit Is., I, 2m., W. extr. 39 55*5 26 3*7 

Tene(l<)sI.,%6m.,rC.NW-<l,l c 


C. Baba, fort 39 2 

Mt. Ida, 5750f. 39 ^ 

Adramitti 39 3 

Mitylene, % 13 1., E. pt.,1 
C. Agia Maria j 

— Mt. Olympus, 3079f. 39 

— Cjiloni, S3, I si 39 

— W. pt. C. Sigri 39 

- Sigri, Port, town 39 

Smyrna, mill on Daragaz Pt. 38 

Vourla Scala, fountain 38 

C. Karabournou, pt 38 

' Scio, NS 27m., N. sum- 41C^7f. 38 
Venetico 1., off S. pt. of Seio, 738 
Ipsera {Pmra) I., bm., 1 « 

fort dt S pt j ^ 

Antipsara, W. pt 38 

C. Blanco 38 

C. Koraka, j 38 

^ighajik, m 38 

Scalauuova, Koosli Adassy 1 

Islet, w' ) 3/ 

Samos, W. sum 37 

— Vathi, lower, mid 37 

— S. pt., or C. Colonna .. ..37 

— Mt. Kerki, 4725f. 37 

I*’onrniIs.,NS 11m., S. extr. i 

rk. 6 ] 37 


Nicaria, -gp- 22m. W. pt., or I I 
C. Papfis j 

— Beacon, 3390f. 

Gaidaro, EW 4m. sum. 720f. 

Arki, ■2Jy 4rn. N. pt 

Patmos, NS 7m. Pras.so Islet, \ 

^* pt j 

— Scala, ®!, pier 

Lipso, •% 4^m. SW. pt 

Lcro, % 8m., Mt. Klidi, lOCOf. 
Kalymno, 10m. Mt. Para- 1 

siva, 22.b0f. / 

Saphonidi, ^ sum 

Mt. Sarnsoun, 4130f. 

C. Monodendri, ruin 

Wreck rk. 21f 

Kos, 24m. W. pt 

— Mt. Chri.stos, 2760f. 

Yladona I. smn 

Nicero. EW sum. 2270f. 

— W. Islet off, -^-[.5: Im., N. pt. 
Piscopia, 4: H.im., sum. 2097f. 

Karki, EW 5m., SW. pt 

Rhodes, E, It. F 9lf. 

* — W. pt., C. Monolitho 

— S. pt., C. Prasso Nisi 

Khina Id., rk 

Searpanto I., NS 27m. S. pt, 

Scarpenton I., [2m.] mid 

Caxo 1., EW 12m. SW pt. ... 
Stasida, 2 Is., [2m.] N. one... 

Brothers 

" Plana I 

Placa Is., 11., N. one 

Sec ret i Is 

Si. .John 1., mid 

j Gafiani Is., W. one 

Ovo 1., 170f. 


C. Krio 

Poiidikonisi, 730f. 

\gria Grabusa, N. point 

N. extr., C. Spada, h, 1, sum. 

Khania, btl, It. F 85f 

C, Tripiti 

Smla, aa, It. F 

Rhytymno, It. F 

(’. Stavros 

Caiulia, IX], (It. F 471.) 

. Standia 1., summit 

i'. St. .lt)hn, E, SW *2.]m. ... 

Yanisades Is., N. pt., Paxi- ) 

mada ) 

0 C. Sidero 

<3 C. Salomon, or Plaka 

^ C. Xakro 

^ Kouidio Nisi, S. pt 

Gaidai o Nid, W. pt 

C. l.itinos 

Mt. Ida, ^ OOOf. 

Pn,\imatles Is., W. end 

Spliakia 


Gavdo I., % 5m., W. pt 34 50*6 24 2*2 

Gavdo Pulo, l^m., mid. ...I 34 SS'ilH 

Boudroora, Castle j37 2*o|27 27*5 


37" 31^225 59'5 
37 32*226 4*7 

37 28*1 26 58*7 
37 24*926 44*5 

37 16*026 34*7 

37 19’5^6 34*0 
37 18*226 44*2 
37 10*726 51*5 

36 58*8 27 0*0 

36 53*026 56*7 

37 39*827 9*0 

37 21*3^7 13*0 
37 9*027 37*2 

36 43*1 26 56*5 
36 50*027 14*2 
36 30*526 57*5 
36 35*527 11*0 
36 35*627 3*5 

36 26' J 27 21*0 
36 12*227 33*2 
36 26*9 28 i6*2 
36 8*7 27 43*2 

3 5 5^*427 47*0 
35 51*227 56*0 
35 23*527 10 


35 53 26 51 

35 49 26 29 


36 20*8 26 41*2 
36 26 26 38 

35 36 25 35*5 

35 13*423 34*7 
35 34*723 28 
35 38*623 34 
35 41 23 43*7 

35 30*824 I 
35 36*1 24 7*7 

35 29 24 9*3 
35 22 24 29*2 

35 25*624 59 
35 20*b25 9 

35 27 '25 142 
35 20*5 25 47 
35 23 26 11*5 

35 19 26 19*7 

35 9*226 19*5 

35 5*2 26 17*2 

34 54*726 8*7 

34 52*325 41*3 

34 54*7 24 45 

35 13*3 24 47*0 

35 o 24 35 
35 iz 24 8*7 

34 50*624 2'2 

3455*224 o '5 



Si/ria 0 , , Karamania 


620 


TABLE 10 


MARITIME POSITIONS 


(37) 


Places 


C Crio, W. pt I 

lujah Pt 

Sytni I., grp. NS 9m. S. islet, 1 

Trornpetto ) 

C. Aloupo 

Marmnrice, Castle 

— Cape 

Kaiagatch, watering place 

Ijinosa I., 3271’. sum 

C. Sou vela 

Makri, theatre 

Highest sum., 59H()f 

C. Seven Capes, W. pt. 7* 


Volos I., j 

Port Vathy, sarcophagus ...] 

Port Sevedo, tank 

C. Roxo, Hipsili I., j 

Kakava I-, 7J- 4m. [^, W. pt. 
Phineka Prom //, T, S. pt. .. 
Khelidonia Is. NS 2m., S. Isletj 
Grambousa I., Im., w' 

NE part 

Yanar, vole 

Mt. Takhtalu, 7H00f. 

C Avova, 1, w W-d 

Adalia, UQ, S. pier-hd 

Esky Adalia, theatre, ...j 

C. Karabournu 

Alaya, RQ,, SE ])t 

C. Anamour, 1, (S pt.of Asia '| 

Minor) / 

Chelindreh, w 

C. Cavaliere, 1, S. pt.(\vN-d.) 
Provencal I., 2m., Vi&l 

Castle, sum ) 

Pt. Lissau al Kahpeh, I, shl. ) 

4 olT j 

Lamas Riv-, 7, w' 

C. Kaiada,sh, It. F 13lf. 

Ayas, tower on I 

AJexandretta, Coij.sul.H.st.,w | 

NE 2rn j 

Ras el Khan/ir 

Antioch 

Ras Cl Ra/it 

Ras ibn llani,lt. Flev. min. I 

451’ ) 

Latakia, LU, \y, It. F 

Uuad I 

Tripoli, Ramkine 1., It. ( 

vis. 10'“ i 

Ras Beirout, It. R 1'“ 13.')!. .. 
Saida, Jezireh, 2 Its. F' 62f, 

Sur, 2 Its. F 5Gt' 

Acre, It. F*’ 

C. C'armel Convent, It. F 21 Of. 

Jaffa 

Jeial.salem, KuhhetesSakrah, j 

or Dome of the rocj^ / 

A.scalon, ruins 

El Arish, fort 


jC. Arnaut 

|C. Cormachiti 

•Tcherina, It. ? F, W. mole.. 


Lat. N 

Lon E 

36°4 i'o 

27 ° 23-5 

36 39*4 

27 42*7 

36 30-7 

27 54*2 

36 33*0 

28 1*0 

36 51*1 

28 i9’o 

36 43*9 

28 20*7 

36 

28 30 7 

36 46-5 

28 29*0 

36 35*a 

28 54*0 

36 38'! 

29 9*7 

36 31*8 

29 14-2 

36 23 

29 10 

36 13 

29 25 

36 11*5 

29 39 

36 10*3 

29 41 

36 6 

29 40 

36 9*6 

29 52 

36 i 4‘5 

30 0 

36 9*5 

30 26*2 

36 13*5 

30 30 

36 24 

30 30 

36 31-7 

30 28 

36 3 5*4 

30 38 

36 52*2 

30 45 

36 45*6 

31 26 

36 38*0 

3 * 43 

36 3**5 

32 I 

36 0*8 

32 49 

36 9 

33 22 

36 7*5 

33 43*7 

36 11*1 

33 48 

36 12-3 

33 58 

36 33 *« 

34 * 7 'r| 

36 32*4135 20 1 

36 46-1 

3 5 48 

36 35-5I36 9*7 j 

36 icyz 

35 46 

36 12 

36 8 

35 52 

35 47*5 

35 35*4 

3 5 42*5 

3 5 30*7 

35 45*5 

34 5**7 

35 5 * 

34 30 

3 5 45 

3 3 54*2 

35 ^8 

33 34*5 

35 ^**5 

33 *6-7 

35 ***2 

32 55*5 

35 4 

32 49*8 

34 58 

32 2-7 

34 45 

31 46-5 

35 * 4*7 

3 ? 39 'o 

34 3 ^*" 

31 6-5 33 48-.^ 

35 6*8 

32 i 6-2 

35 24*7132 tv- 

3 5 -o *9 

ii ‘8-. 


(38) 


Places 


N. and E. extr., C. St. Andrea] 

Famagousta 

C. Grego 

Larnaca, Consul., r' 

C. Chjti, It tow 

Limasol 

Sst. extr., C. Gatto, / 

C. Bianco, h 

C. Papho 


Port Said (Suez Canal), It. R » 

65f. / 

Nile, Ro.setta moutii 

— Damictla mouth, Kawa | 

Burun I 

Damietta, Engl. Con.s 

Cain), tow. of Janisharics 

Aboukir B., Nelson 1 

Alexandria, liH, It. R 180f. ... 0 

Arab's tower 

Ras al Kaiiais, pt 

Mar.sa Matroo, 133, w, Pt. La- ( 

belt ) 

Ishailoh rks, EVV5m., E.one. ( 

58f. \ 

Ras llaleimah 

iRas al Milhr 

[Tebruk, l^, Saracen gate 

Boml)a, or Bhurdah 1 

Ras al Tyn, sum 

Deitia, Marabout 

Pt. Zawaiii (lias al llilil) 

Marsa Sousa, 15], Ar.senal 

Ras Sem 

iTolineit.ah, pt. of the Kothou... 

Bengazi, Castle 

(lliarah 1 

Vlarsa Boureigah, ruin 

lias Ben Jawad, ruin 

Marsa Zafran, Ras 

Misratah 

Marsa Ongrah, Ras al Tabiah 

Lebida, Citadtd 

Ras al Tajoural), E. pt 

Tripoli, 1^, Lazaretto 

Tripoli Vecchio, [.y, fort 

Zoarah 

Al Biban, rk 

Jerha 1., Boukal Castle 

Kahes 

Jehel 'Thelj, NE sum 

Sphax 

Kerkenah Is. J’-, 91., /, S. pt. 

— NE extr., Gzira I., mid 

Kadijah, low. .'iOf. 

Mehediah, Castle 

Kuryah Is., NE pt 

Monastir, fort Ghadir 

Snsah, Castle 

Jebel Zaghwan, 4078f 

^ I Hamniamet Castle 

Ras Mahmur 

o Kalibia Scula 

I R.is al Asuad (/jlk. I LI.) 

jC. Bon, 1290f 

IZeinhra. 2im. sum. I324f 


Lat.N 


Lon. 15 


35' 

’42^2 

34 ^= 

36' 5 

35 

7*7 

33 

57-2 

34 

56-5 

34 

6-5 

34 

55*2 

33 

377 

34 

49*9 

33 

36-2 

34 

41-2 

33 

17 

34 

33*7 

33 

2 

34 

38*2 

32 

42*2 

34 

44*8 

32 

23*7 

31 

* 5*7 

32 

I9'2 

3 * 

30*5 

30 

* 9*5 

3 * 

33 

3 * 

52 

3 * 

24 

3 * 

00 

30 

2 - I 

3 * 

* 5*5 

3 * 

2 1*4 

30 

6 

3 * 

ll'7 

29 

517 

30 

59*7 

29 

34*7 

3 ‘ 

* 5*4 

27 

52 

3 * 

22*9 

27 

* 5*5 

3 * 

3**3 

26 

38*7 

3 * 

37*5 

26 

0 

3 * 

53*2 

25 

5 "’ 

32 

5 

23 

5 T 2 

32 

22*6 

23 

13- 

32 

37*7 

23 

7*8 

3 ^ 

46*0 

22 

3 ')*/: 

32 

57 

22 

« 

32 

54*9 

21 

56*5 

32 

57 

21 

42-i 

32 

43 ** 

20 

53-2 

32 

6-8 

20 

2*7 

30 

47*5 

*9 

567 

30 

27*7 

*9 

38-2 

30 

49 

18 

7 

3 * 

12-8 

16 

407 

32 

25 

*5 

10 

32 

33*8 

*4 

22‘0 

32 

387 

*4 

157 

32 

55 

*3 

21 

32 

54*4 

*3 

I 1*2 

3 ^ 

49-8 

42 

26-5 

32 

55 

12 

4 

33 

16 

1 i 

23 

33 

411 

1 I 

0*3 

33 

53 

10 

4 

34 

25 

9 

52 

34 

34 

10 

46’2 

34 

35*6 

1 1 

3*2 

34 

49 

1 1 

* 8*5 

35 

*4 

1 1 

10 

35 

30-4 

1 1 

5 

35 

48*5 

1 1 

3 

35 

45*4 

10 

50*7 

35 

50*0 

10 

39 

36 

21*5 

JO 

7'2 

36 

23*6 

10 

37-1 

36 


! '0 

49 

36 

49*7 


6 

36 

58 

1” 

7 ^ 

37 

5 

!i 1 

2 ' 

37 

0 

48*' 



Algiers 


TABLE 10 


MARITIME POSITIONS 


iGoleta, ^ 

Tunis, canal entr 

\c. Carlliafre, It. R 1"‘ ... 

ipiana I., EW 1 in 

'Cani, rks. ‘iin. It. P 1291 ... . 
|Bt*n/frt, Fort 

Ipratelli, rks. j\^-- West Rock... 
iGalita 1. .'ni. pk. Monte 

I G'lardia, I 2*1 Of. J 

Surelle, rks«., Avenger reef 


East 

36°48‘4 lo® i8'5 
36 48*0 10 12 

36 52*4 10 215 

37 10-8 10 20-2 

37 21 2 10 8 c 

37 '7 9 53 

37 I9'9 9 52-2 ^ 
37 i7'9 9 24-2 

37 3*-3 8 56-2 
37 237 8 37*5 


' rahcirca, N. tow >36 

La Cala, [X]. It. F 52 f | 36 

Liona, liiou Ft., It. F lOlf. ...136 
- C. (le Garde, It. R .j'" IGGf. ...j 36 

Ferro 1 37 

lias Hadid, or C. Ferro, Islet . 37 

Fliilipjievillc I 36 

Srij^iiia I., It. F ISOf. ! 36 

Collo, It. FI every 2'". 81 f. ...j 37 

^ C. lJugiaron, ( 3 j 79 f. 7 m. in- | 

lami.) N. pt ( 

Mai '.a Zeitouri 36 

Jijeli, It. F 49 f. 36 

Mt Babor, G 2 () 0 f. 36 

lUijeyah, Castle 36 . 

C. Carbon, It. 11 722 f 36 

Pisan, rks., lin., w,, W. | . 

pt \ 

Mt. Azafoun, 4 dG()f 36 

C. Hein^ut 36 

C. Tedles 36 

“ Dolly s, NW part of City, It. j . 

F 4 m f 3 

('. Matifon, E. sum 36 

Alj;iers, mole It. R 4 '"» H 5 f..© 36 , 

(J. Ca.xine 36 

Scherschel, Ct], fort It., F IGf. 36 

C.Tene/, It. R 1 '' 222 f. 36 

Palomos I., rk. 85 f. 36 

iMoslaganeiu, It. F 12 lf. 35 


I .\rzen, fort, It. F 30f. 

C. Fetrat, 1, A, lesser sum. ... 

1 Pt Abuja, 2()50f., pt 

jOran, It. R .V" 118f. 

iC. K.iloon, /, S, E. part, It 

i llabeeba Is., J^3iii. Wq, sum. ) 

-I „ It ) 

l^atarinels. EWl^m.W. ext. ^ 

I sum. 4 Ilf. ) 

I Melilla, m 

C. Tres Forcsis, N. pt. mid. ... 
'Alboran I. Im. 68f. 

Quillates 

Mostaza 

Pi'tuau, Custom-ho 

Ceuta, It. R 1"' .I7(3f. 

j langier. Consul’s house. (It. ?) 



35 o 
35 i 8'3 
35 27 
35 58 
35 i 6'5 
35 9*7 

35 37 
35 53-6 
35 47’2 


|Perto Santo, 7m., sum.) 

I IGGOf. ...... r j 33 5-0 >6 19*5 1 

I ^ Villa of Raleira 33 3*5 16 20*2 

'^tyx, rks. NW of P. Saiito, Vi 33 ii 24 


) Desertns, "fj 12m. sum. IGlOf. 

, ' — S., or Ai^ulha pt 

: Madeira, EW, liOm., IC pt 

! FiixniAL, Burr. Cons. [T»J 

I Pieo Ruivo, GlOOf. 

! West, or Par^o j)t 

1 Salva£j;es, 2 grps., 15m. | 

I NE breaker 1 

I Great Salvage, 1 jjm., W sum. 
Great Pi ton, jl't .‘3 m., (idts. j 
3 ^ 111 . W.) sum ) 

Nst. or Ale^ranza, -jJ-'- 24111 ., ) 

I SW sum. l)39f i 

j(3ara, J- Im., N pt 

" .GraiioMi, J- 5 in. SW pt.... 

I East r(»ek, [3e.] 

I Laiizarote, 32 . 11 ., NW pt 

! - S. pt 

j — Aiveift', (Port Naos, [ij), ) 
fort Galn iel ) 

1 Lobos 1 ., -j- 2 m., N pt 

! Fuertevent u ra , - j ^5 ? m , , N W pt. 

I - Port Cabrah 

i — S. pt. or Pt. Jau.lia, I 

i 

[Grand Canary, NS 25ni., ) 

I NW pt ) 

? ! — Palmas, mole head 

I — S. pt 

; ! " Isleta, ..j’^ 2 m., sum. 847f. ... 

Tenerife I., N j>t , Aiuvi^ii rk. 

^ — Sta. Cruz, Brit. (.Jonsul. 

\ I — 8 . pt. or Pt. Rasea 

’ I — Peak, 12,172f. 

— W. extr., / 

I — Orotavu, port, 

Gomeri, 1 'jW 11m., W )t. ... 
— Sum. 14 4 Of. 

l_ierro, or F’erro, loir. N ) 

extr j 

— W extr. (or Meridinh ({f'\ 
Ferro) j 

Palma, NS 1 Im., N pt 

— S. pt. or Fueuealiente 

— Sta. Cruz, fort San Mimiel 

Corvo, Im., w, N jit 

Flore.s, NS 9m., N extr 

* — Sta. Cruz, fort 

Fayal, 11m., W pt 

— llorta, Sta. Cviiz, eastle ... 
^ Pieo, 25m., Pk. 84()0f.? ... 



? Lst. George, % 29m., S and 1 
g I E pt I 

N ! — N and W pt. outer rk 

‘Graeiosa, 7m., W pt 

— Praya, eastle 

Tereera, EW IGm. Praya 

— Angra, Custom bo 

[ — Sum. 3495 f 


Lat. N 

Lon.W 

32'- 

31 '3 

i 6 ‘ 

3 o '7 

32 

23 

16 

27 

32 

43*4 

16 

39*5 

32 

37*7 

16 

54*7 

32 

45-0 

j6 

57*0 

32 

48 

17 

17 

30 

8-6 

*5 

49*7 

30 

7-5 

*5 

51-2 

30 

I'C 

16 

0*2 

29 

23‘3 

^3 

31-5 

29 

i8-c 

*3 

32-2 

29 

12-7 


32*7 

29 

1 64 

*3 

20-0 

29 

2 ‘ 7 , 

* 3 

48-0 

28 

50’oj 

13 

47*0 

28 

57*0 

*3 

32-5 

28 

45 * 5 ' 


48*5 

2S 

42 

»4 

1 

28 

29 

n 

51*7 

28 

3-0 


31*0 

28 

9-6 

15 

43*2 

28 

7 -c 

15 

25 

27 

43-8 

15 

34 

28 

lO'O 

i '5 

25*5 


•28 36*6 
28 28 2 
28 o‘o 
28 16-5 
28 20'5 
28 25*2 

28 6ci 
28 67 


39 43*5 3* 7’'4 

39 3**6 31 n'o 

39 27'o 3 1 8*0 

38 35-628 50-5 I 
38 31-728 38-5 I 
38 2X-0 28 25-0 
38 24-728 3*0 

38 32*527 46*7 
38 45*2 28 20*2 

139 4’^ ^8 4*7 

I 39 3*227 58-5 

38 43*727 4 * ' 

38 38-927 13 ;: 
38 43-527 20-5 



Bennudas ® i Cape , hlamds 


TABLE 10 


MARITIME POSITIONS 


Lat. N Lou.Wj (42) 


I St. Michael, r, E or Mar- j 

qiiesu j)t j 

0 -- Delguda, It. llOf., Cus- | 

j, tom ho. quay j 

^ — West pt. or i’t. Ferraria, It. ) 

^ bad j 

St. Mary I., -Slg- 9m., town 

mid., sum. ICGOf. 

Formigas, NS fm., COf. 

Dollabarats shl. [Ic], TTf. S... 

St. Antonio, 22m. N pt. ... 

— West pt 

— Sum. 7400f. 

— Tarafal B. wat. place 

“ — South pt 

— East pt 

I St. Vincent, EW iGm., S pt. ^ 

. — Porto Grande, Bird l.,[bj 

St. Lucia, Hr 7m., N pt 

- Village, ruins, SW side, w. 

Branca, ^ 3m., N pt 

Raza, /, J, EW 2 m., mid 

St. Nicolas, % 25m. N pt. ... 

— East pt 

— South jit 

j — West pt 

Sal, NS 17m., N pt 

NW hill 

I — Martinez Pk., I340f. 

I — Wreck, or SE pt 

•navista, EW 18m., N rf. ) 

' and pt j 

I — Hartwell rf, 5, NE pt 

j — Ea.st cxtr. or Sandhead, ) 

outer rk j 

— South pt. (ij<s.) 

— West pt., I 

— New town, ch 

' Leton rks., [Im ], vf* r 

Mayo, NS. J2m., N rf., N | 

and E pt j 

— North pt j 

— vSouth pt 

— Engli.sli town, fl.st. hill ... 

St. Jago, 31m., 15 pt 

' — Port Praya, Quail I CD 

I — Mt. St. Antonio, 740()f. 

j — West pt , e\tr 

! — North, or Bighude pt 

iFogo, FIW 15m., N pt 

I — Luz, town, r, w, Ch 

— Peak, 97r)()f. 

Pvava, NS 6m., W pt 

— South pt 

— Two Islets, EW ^m.,W extr. 

The Islands, ^ 15 m, E\ 

extr. of rfs j 

North rk 

West eUr. of reefs 

So'.ith extr. of reefs 


37 '- 5 ° 8'? 

37 44 ’^ ^5 40*7 
37 51 * 7^5 

36 56-625 9*1 

36 58*5 25 6-2 

37 16-224 47-5 
37 ' 3*7 H 44*5 

17 12-025 5*7 

17 4-025 22*5 

17 4 25 17 

16 57-225 19-0 
16 54 * 7^5 '8-5 
'7 5*5 H 59*0 

16 .^7-024 59-0 
16 54-725 1-2 

16 49-024 47*0 
16 45-024 45 5 
16 41-0 24 41-5 
16 38 24 37 

16 42-024 20-5 
*6 34 * 5-4 o 
16 28 24 18-5 

16 37-7 24 26-2 
16 51-022 55-0 
16 48-022 59-5 
16 49 22 56 

16 35*022 53-5 
16 34 22 57 

16 14 22 57 

16 II 22 41 
16 7 22 40 

15 57-022 49-5 

16 2-3:22 59-5 

16 7-6j22 55-5 

15 48 23 10 


15 19*023 12-0 
15 6-523 10-5 

'5 8*323 ' 3*2 

15 I 23 26 

14 54-023 30-7 

15 2 23 39 

15 17-323 48 
15 19-0 23 46-0 
15 1*524 21-5 

14 53-024 30-5 
14 56 24 20 

14 49*724 45*2 
14 46 24 42-7 

'4 57 24 43 

32 26 64 37 

32 28-464 47-7 
32 16 65 3 

32 12 64 52 


Docrkyard, clock (1? 

Wreck hill 

Light, R 1«>., 365f. 


Lat. N I Lon. M j 
32°19V64"5I'5 ! 

32 16764 47 

32 15 64 51-5 


Region of Submarine Volca- ) 
noes, N to S, 16"^ to ! 

24MV ) 

Periedo de San Pedro, or St. ) 
Paul’s rks., [Im.], 
mid. rk., 60f ; 

C. Spartel, It F 31 2f. 

Mt Habile, 3000f. 

Arai.sh, w' 

Jebel iSarsar, or pk. of Fas. ... 
Meliedia, 4 5 Of 

- Sallee, E 

C. Dar cl Beida 

Azamor, 120f. r 

Mazagan, w', r' 

North C. Blanco, 170f'. 

C. Caiitin, 1, 2llf. (rks. off)... 

Safi, Mo.s(pie, 209f., \v 

Jebel Hadid, SW sum. 2100f., 1 

tomb j 

Mogador, or Souirah, [2], \y r 

C. Tefelneb, 7()0f. pt .’ 

C. Ghir, 1, 123.';)f. pt 

Mt. sum. E of C. Ghir, 4400f. 

Sta. Cruz, or Agadir, r 

R. Sous, bar 

Maras, or Messa R., Castle .. 

Cleaveland Slil. ? 

Fogo Pk., 2970f 

C. Noun, 1, T, 170f O 

R. Noun, or Soleiinan "i 

Port Cansado, /S, entr 

C. Juby, ly [^] 

False C. Bojador 

(’. Bojador, /, W pt 

Penha Graiidc, 300f. 

C. Seven Capes, Central C. ... 
Duriiford Pt., entr. R. Ouro, SI 
Down of Cintra, or peaked 1 

.sand hill, w j 

C. Barbas, 1 !.... 

C. Blanco. 1, 150f., (w N-d.) | 

(5 SW-d. 5m.) . ] 

Argninbk. (lini.ofS, h ),N extr. 
— - West extr 

- — South extr 

C. Mirik, I, I 2 or 3 1. off 

Portendik, Wq, R, 2 T near 

Mosquito Lagoon 9 

Barbaric Pt 

Senegal, LS, St. Louis, ( bar, J 

S), fort t1. st., and It. F ) 
C. Verd, W pt. of Arri(;}i, extr. 
Almadies rks. jS, W and highest 

C. Manoel 

I Goree 1. % 4c , fb]» A* st. It. J* 

I Amboroo bk., W pt., i 

' Bird I. 2 I 2 . 2m., Pilots, fl st — 
;R. Gambik, [Q, Bath. fl. st. 

|C. St. Mary, I 

j Bald Cape (Is. 4m. W-d.) . . . 
jCasamanzaR. French Estab... 


o 55*5 29 22-5 


35 47*2 5 55*7 
35 28 5 43 

35 12-8 6 9 

34 54 5 47 

34 18 6 36 

34 2-7 6 46 

33 38 7 36 

33 '8 8 15 

33 '5 8 29 

33 8 8 38 

32 32I 9 21 

32 18 9 12 

31 42 9 29 

31 30-5 9 46-2 
31 6 9 48 

30 38 9 50 

30 39 9 33 

30 26 9 32 

30 22 9 3^3 

30 4 9 38 

30 45 10 21 

29 1 1 10 6 

28 46 II 3 
28 42 II 5 
28 2 12 14 

27 58 12 52 

26 25 14 12 

26 7*0 14 29 

25 7 14 50 

24 41 15 o 

23 36-0 15 58-0 

23 5 16 10 

22 19.J 16 45 
20 46.1 17 4 

20 33 16 56 

20 6 17 7 

19 17 16 32 

19 24 16 32 

18 19 16 2 

16 35 16 30 

16 55 16 34 

16 0*8 16 33*0 

14 45-1 17 32'*2 
'4 44 i ‘7 35 
14 39 17 26 

14 39-9 17 24*5 
14 16 17 3 

13 39-5 16 40 
13 28-0 16 35-0 
13 30 16 41 

13 23 16 50 

12 35-5 16 48 
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MARITIME POSITIONS 


Lat. N Lon. W 


C.Roxo, /, Sandhill,^, 12° 

Yalulo breakers, -Sjg- 3m., t, \ 

Wpt ) 

Fort Caclieo, Portug. Seltlcm. 12 

Cayo Is , j, S pt j i 

Jiissao, w, r 11 

Pijouga Is. P,, W cxtr. break- | 
er 30ni., out J ^ 

— South breaker 10 

Pullam I. [Im.], /, t,(rfs., \ 

SW8m.) j 

Alcatraz reefs, 7m., NE 1 

Id. ^ j 

, Conftict rfs., S and E prong. ... 10 

i Rocky Head, T 10 

Rio Nunez, w, P^, Sandy 1 10 

C.Verga, pt. / 10 

Mt. Kakuliinah, 21)00f 9 

Is. de Los, EW Gin., w', r, j 
Crawford Id. , Engl . Estab. j ^ 

— W one, Tamara 1., 8 1 , | 

J, E, W pt ) ^ 

Sal lab took Pt 9 

Yelliiboi 1., EW 2m., Wditf 8 

C. Sierra Leone, It. F OGf. IS- 8 

Freetown, N battery 8 

False C. Sierr. L 8 

C. Shilling, /, snrn. over ... 8 

Bananas Is., 5 in., w, 1 « 

Gov. ho ^ 

Plaintain Is., EW .'im., outer rk 7 
Shis, of St. Ann, NW patches, ii 7 
Turtle Is., /, N Id., [.2111.] .... 7 

Slierboro 1., W pt , or C. St. ) 

Ann, f j ^ 

11. Sliebar, E entr., or Mana Pt. 7 
R. Gallinas, Kaniasoun 1. i 

[lin.], W elbow ) ^ 

C. Mount Riv., town 6 

C. Mount, w, pk., lOGOf. 6 

C. Mesurada, 81., w. It. 1 ^ 

F.>2iof. 1 ^ 

MonroM.i, Govt, ho 6 

Mars 11 all. Agent's hp 6 


20' 16^46' 
10 16 44 

17-7 16 13 
50 16 22 

5^ 15 37 

30 16 58 

43 16 9 


j Dix Cove, f , fort 

I Elmina, Dutch fort . . 


.0 C. Coast Castle, It. on Fort . 
^ Will., 192f,, ^ GM.T. [ 
o 0‘*0'"0% r w, NE bast [H ) 

^ Accra, Fort Janies, 

|CaineFs Hump, 12l)0f. 


North W est 
4“47'8 i° 56'2 
5 4’8 1 22*2 


22 15 4 

6 156 

37 H 42 

12 14 28 

45‘8 13 28 

27*4 13 48*0 

28 13 52 

4 *3 

57*c 13 18 
30-0 13 18 
29’9i3 H*5 
26 13 j8 

10 13 10 

8’c 13 11 7 

54 13 3 

58 13 34 

40 13 4 

34 12 58 

23 12 31 
0*1 II 387 


19- 1 10 49'o 
8-1 10 227 


! R. Volta, W pt., /, entr 

j C. St. Paul, /, (no distinct i 

I cape), ) 

Jell a Coffee 

(^uitta, Dani.sh, r, SE bast. .. 
Little Popo, w, NW shed .. 

Grt. Popo (bar. 3) 

Whydah, fl. st 

i Porto Novo (no port) 

Badagry, shore hut 

• Lagos, entr. [^lu ] hur « f. E pt 
Oddy Sand beach, ends ah- » 

ruptly to Fl-d ) 

R.. Benin, oil" Hf. NW pt 

R. Forcados, cut: . S pt 

■ R. Quorra, or Niger, E pt. ... 
, C. Formosa, /, 4 (no distinct f 

1 ^ ) 

New Calebiir II., entr. i sf. , W pt. 
Bonny R., entr. isf., E pt., j 

J, r, rough corner ) 

Old Calcbar, Tom Shot's Pt.... 

' Mt. Cameroons, 137bOf. 

1 . (’ape C-amerooiis 

- Rumby Mountains, sum 

> Uua Mount., 25 1 

; j AinbasB.,MondolehI. [^m.] 1 

H w, Spt i 

I ' Sucllaba pt., (if. 3m. off) 

I The Mitre, .3040f., S sum 

(r St. John, t 

Corisco 1., /, ^ 

(b Esteiras 

Gaboon R., r \y, S pt , entr... 
King George Town 




R. Sauguih, r, b, Pt. Sanguin 


I King William Town, Europ. 1 

I factories j 

I Coley rk. T 

I C. Palmas, It. F lOOf. 

'Tafou pt 

' Kadahboo bluff’ 

Oval Mountain, 13l5f. 

King George Town 

C. Lahou 

Head of the Bottomless Pit, 100 


Apollpnia (abandoned) 

Axim. Dutch fort 

C. Three Pts., 2m., S extr. 


5 54’i 

10 4-c 


5 48 

10 I 


5 44 

9 54 


47 

9 44 


5 '-^<’■4 

! 9 34-7 


5 i^'7 

1 9 20-2 


4 59*2 

9 2’0 

% 

4 54 

8 50 

4 49 

8 43 


4 23 

7 54 

$ 

4 j. 2'1 

7 44*2 


4 24-8 

7 21-5 

4 39 

6 54 

-< 

4 57 

6 48 

•S 

4 58 

6 3 

'i 

5 

4 3^ 

s 

(3 

5 15 

3 57 

•4^ 

5 8-6 

3 23 


4 59 

2 35 


4 52-3 

2 14*7 


4 44' 7 

2 5'J 



Fcrn.amlo Po, rv]"^ •lOrn. 3m. 1 
(b Bullcn, or N pt ) 

— Peak, 1071 Of. 

— S. ])t., or C. Barrow 

— Clarence Cove, vy', h, Ade- | 

laide islet [E ) 


Anna j 

— Diamond rks. off NE pt., \ 

large one j 

Brothers, 2 Is., NS 2^111., S one 
St. Thomas I., 2r)m. sum. 1 

7020f. ) 

— Sta. Anna de Chaves, fort | 

St. Sebast j 

— 1 Ilia das Rollas [Im.] off! 

S pt ) 

Annohona, 4m., ... i 

Turtle I.,[lm.,]^, w, r ... j 

— NW pt 

— S extr , rk. off i 


3 48 8 43 

3 35 8 47 

3 13 8 43 

3 46-0 8 47-5 

I 43 7 ^3 

I 39*5 7 26*5 
I 407 7 277 
I 2i‘i 7 i7‘5 
o 14 7 6 33 

o 20*5 6 43 
South 

0 0*5 6 30 

1 24*3 5 38-2 

I 24*3 5 357 
1 28*6 z 
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TAKLK 10 


Lat. S Lon. E 


_! vis. 11 1., larjife one j 

•Tristan d'Aeuiilia, [Giii.] \ 

Waterfcxll, N side ( 

■Inaccessible Is., IGl., 1 ! „ 

L, ^y, W ouc j - ” 

Nightingale I. [2m.] 37 

Gough’s I. [ 5 m.], 4385 f., ) 

N pt i 

Nazareth 11 ., Fetish town, W ^ ^ 

entr ) 

C. Lopez, 3', r, o 

C. St. Catherine, [1^] i 

Settee R., a high 'f' 2 

Mayumba B., v, Matooti Ft.... 3 

Loaiigo H., entr 4 

Black Pt. , B., ['$'] , w"', Sandy ) 

Pt., / ej * 

* Congo R., P,, Pt. Padroii ... 6 

— S. entr.,/)r Shark’s Pt, f, ) ^ 

2e j 

Ambriz,^:^^ 7 

Dande Pt., and riv S 

C. Lagostas, rks., N pt 8 

St Paul de Loando, [b]» ) 0 

fl. St 0 .)] ] 

C. Ledo, hf pt 9 

C. St Bras, S, r 10 

1 Nova Redonda, r, [, 1 1 
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MARITIME POSITIONS 


(47) 


Places 


Lat. S 1 Lon. E 


C. Morgan 

Hole in the Wall^ 

Rame Head 

St. John’s R., entr 

C. Matal 

Port Natal, (H, bar S, S pt. 1 

of bay ) 

Fisher’s R 

Durnford Pt 

C. St. Lucia 

St. Lucia R., entr 

C. Vidal 

Goldown’s Blind river 

Delagoa B., C. Collato 

— C. Iiiyack, N pt. of St. I 

Mary 1 j 

Port Melville, Elephant I., i 

w SW side, N pt )’ 

English R., Portug. luctorv, i 

fl. St 

Lagoa R., entr. 

Inharnpura R., entr 

A Point (Pt. Zavora ?) .. 

C. Corrientes, 11 1., small rl<,... 

Barrow Hill 

Inhainbane B., town 

C. Lady Hrey 

C. St. Seba.stian, 10 1., pt 

Bazarouta Is., N pt., or C. | 

Baz I 

Tnverarity shl O 

Chuluwaii I. [rnu.J, /, f", N I 

pt ■■ / 

Sotala R.. bar. lut- tort 

Zambesi R., Pearl I. flag staff, | 
Kongoni R.. mouth ) 

— 1 bluff, E Luaho mouth ... 

— Pt. Ord. \V Luabo month... 
Quillimanc R., bar h f., f., t, ) 

N pj. , or Pt.Tagolana, fl.st. j 

— Town 

Senna Town 

Acorn rk 

David shls., -4j^ 10m., N\V\ 

part, a j 

ylva bk., 2m., mid 

Fogo I., and reefs, 2m., I 

vis. 1., Id ) 

Casuarina, or llaza I., 4^ W, \ 

Wj. b t 

Mt. Cockbuni 

Trees I., reefs., I., mid 

Moma bk. [Im.] 

Aiigoza Is., Wst., or Caldeira \ 
I., and rfs. [2m.], cent... } 

— Hurd I., rfs. [2in.], cent... 

— Walker i)k. [2m.], iff. 

— Mafarnede I., /, $■, rfs., cent, 

Angoza Pt., extr 

St. Antonio, rf. [2m.] 

Huddart’s shl 

Barracouta Pt., rf. 3m., pt.... 
Port Mocamba, N pt., entr., | 

T, 1^, pk., ah. 2000f. / 

Mozambique, St. George’s ) 
I., at entar. [4c.] mid j 


32 42*128 24'7 
32 3-229 i-c 

31 48-429 14- 
31 34-529 28 ; 
29 53*o3» 

29 


33 31 2 

29 i 6-3'3 i 33 
29 022151-5 

28 32 - 5 ' 3 “ 27-; 
28 26-032 26-5 
28 9*6 32 38*0 

26 55 132 5-> 

26 4-033 1*0 

25 S^-ojsS 2-5 
25 57*5 

367 


-5 

25 2< 
25 I 

24 3 ‘ 

24 


58-J32 

20-6 33 
n-6 33 
3S 


13-0 
5 


1 6-0 

SC-'S 
4V5 3S 33 r 
^1*735 24-7 
56-2135 41-c 
4 '35 32 


(48) 


Places 


16 20'5 4O 4-0 
16 24*6,39 56-5 
16 8 I40 12 

15 47 140 28 

15 30*040 36*0 

15 , 6 140 35 
15 2.240 48*5 


21 

31-0 

35 

33-0 

20 

42 

35 

10 

20 

38-2 

34 

53*5 

20 

10*7 

34 

46-3 

18 

53 

36 

11 7 

IX 

51-7 

36 

18-7 

18 

55-2 

36 

3 

t 8 

i-4j37 

^'5 

17 

5>'»37 

i-o 

17 

30*0 

35 

20 

17 

37 

38 

12 

17 

29 

38 

35 

. 17 

i 8 -o 

38 

5**5 

17 

14-4 

38 

55*5 

17 

6-5 

39 

6-5 

. 16 

29 

38 

56 

• 17 

47 39 

lO'O 

. 16 

47 

|39 

34 

16 

38*8,39 46-0 

.16 

33 

39 

50 

.|i 6 

26 

39 

58 


Mt. Pao 

Titangonya I., 2m., S pt... 

C. Melamo 

Pico Fragos 

Penda shl., E extr 

Loguiio Peak 

C. Loginio 

Sorisa Pt 

Badgley Pt 

Maimliane Pt 

Pomba Bay, 1^, N pt., entr.,' 

Arcetnba Head 

Querimba 1. NS Him., fort) I 

near N pt / 

Ibo I., .'iin., NW part, fort 

Alateemo I., NS 4m., E pt. ... 

Pangaiii Pt 

Mahato 1., ^ 2m., N and lil pt. 
I. <los Alattos, [.Im.], rfs, I 

I 2m.ont / 

Fiingu Namegno, Iv pt. of reef 
jTambiizi 1., EW 2in., rfs.') 

‘iin., w' J 

iMazimba, fort 

jNiitnba 1., im., E pt 

|R(»ngni L. E pr 

C. Delgado, pt 

C. Rovoum.i 


Lat. S j 

Lon. E 

14 

50 ko 

^5 


51 •0,40 

50*0 

14 

2 5 *o '40 

51*0 

13 

24 U 

1-0 

I 

14 

1 5 -o' 40 

50*0 

14 

6 

0 

37*5 

H 

12*5 40 

45*0 

7 

32-840 

37*0 

*3 

22-8 40 

36*0 

12 

56-540 

38*0 

12 

55-840 

33'o 

12 

38-240 

39*0 

12 

*3-7, 

40 

39-0 

12 

20*040 

38*0 

12 

13-840 

40*0 

1 1 

59740 

35*0 

J I 

58*2 

40 

38*2 

11 

49 

40 40 

1 1 

28-5 

40 

43*7 

1 1 

2 1 -.3 

40 

44 

1 1 

18-5 

40 

25-5 

1 1 

9’5 

40 

45*2 

10 

51 

40 

44*5 

10 

41-3 

40 

42 

10 

28-7 

40 

34*5 

10 

21 

40 

30*2 

10 

11*5 

40 

12 

IC 

16-5 

40 

10*5 

10 

6-7 

40 

2*2 


iMatunda Pt 

C. Paiuaii, Hull rk 

Mikindaiii Hr. Kini/i Vill, 

Moiigidho R., b, w, Madjovi')^ 

Rks 

S extr., 0 . St. Alary 
Star bk., SW part, IT 
Star reefs, NS .3 1 ., -f W, S onej 

Leven L, [jui.], eeiitre 

Barracouta 1., [im.] 

St. Augustine B., Timt rk. . .. 

N'o''S \'eh, or Sandy 1 

Murderer’s Bay, N pt 

Alurderl., if. 2 m., SW 

( 1 . St. Vineent 

Mourondava, w, r, /" 

Barivu Is., /, S danger j 18 41 ' 

~ Smytli’s islet, on rf. 2 ini.! 18 i8*i 

— Heavy breakers seen | 18 i 

Collin I., I, (^ 21.) I 17 29-oj 

NW extr., C. St. Andrew | 16 11-4! 


25 38-91 

25 39 
25 ^5 

25 12-5 

^5 
5^3 3S*4| 

23 38-4 


45 7*0 
45 23 
44 *8 
44 18-0 

44 7’5 
43 457 
43 35^-5 


Cliesterfleld bk [.Jm.], . 

Boyanua B., W or ’(’able C ... 
Beinbatooka B., EtJ, r, E or 1 

Alajunga Pt ) 

Makumba 1. 


22 12-543 i8*o 
22 5’3 43 i5‘5 

21 54’4 43 ^0*5 
I20 18-344 19*5 
44 3 

43 46*7 
43 43 

43 477 

44 3^'^ 
43 5=; 

45 >8 


16 17 
15 59-' 

15 42*9|46 20-5 

15 42-045 57 
Alajambo B., L$l, entr. AV pt....; 15 1 1-7146 59* 5 


Nareenda B , tW, entr. W ]»t. 

Luza R., bar 2, DQ, entr 

Saneas.see I., NS lim., N pt. 

Me. Clner Pt 

Erandzu I., NS 2m , N pt. ... 

Piis-sandava B., Ninepin I. . .. 

Passage 1., [.im.] . ...^ , ^ 

Ddlrytnple B., 14^!, r, w,b, entr.| 13 30 48 2 

Martahoolah Pk , 14 6 148 20 

Noss Bell L, NS 13in.,N pt... 13 i2-2'48 18*7 


14 40-3|47 26-5 
14 36-9:47 43*0 
14 30*7147 3 5*J 
14 i5*o|47 49*.2 
*3 53i 147 47 
13 28-2148 15*0 
13 28-2)48 29-7 
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MARITIME POSITIONS 


Miiiow I., N pt 

C. St. Sebastian, (Is. 5rn. ) 

off)t pt S 

Woody L, [^m ] 

Port Liverpool, entr. N pt. 

N extr., C. Amber 

Amber Mountain 

British Sound, entr. Cla - 1 

renoe Id j 

C. Lowry 

Port Looke, Bathurst Pt.... 

Port Leven, Lingo rk 

Noshe Barracouta, [Im.] .• 

Andrava B., Berry Hd 

Manambatoo Vill., 

Vohemar Pt 

Mananhar, Table Hill 

C- East, outer I 

Durnford No.ss, pt 

Port Cboiseul, town 

C. Ballones, pt 

Tangtang, fl. st 

St. Mary’s I.,^ 111., Npt.... 
— I. Madame, or Quail I., 1 

on W side, Establ j 

Fenerive, town 

Foule Pt. Vill., r, |, 

Plum I., vis. 51., % 

Tamatave Pt., L 

Feng Is., smah^ S one 

Vatoo Madre 

Manooroo, town 

Fanantara, town ! 

Hangazvak, town ' 

Footak, town ' 

Manambatoo (South), town ... 

Loodatoo, town 

i St. Luce, N islet 

Pt. Ytaperc, extr 

iFort Dauphin, fl. st I 

I Europa I. , [1 1.] , or Bassas da 1 i 

! India, ^ j ; 

' Europa rivs, Bassas da India, i I 

I (;2i.],f,s,.t ) 

St. ,Iuan da Nova, [2^m.], | 

J, ^ f 

[Mayotta, NS 7 1., Valentine pk. 
— Opening in surrounding ( 

rf., N end ) 

Johanna, NS 8 1.. pk., E part... 

— Town, w, r, P’ 

jNuraachoa Mohillah 

iL.moro, NS 12 1., T» ^ I n 

' — NvTth-east pt. O 

I Geyser' shl.. SW elbow 

Borneo shl 

*Glorioso I. aii^l rfs. [4 1.], /, \ 

I ^ <*'•, T, W one, Glorieuse, ; 

I [Una] ) 

j — K one, L du Lise, [Ina.] •- 
I Assumption I., ^ 21., /, 1 

j hummock on SE pt J 

, lAldabra Is., EW 81, ® ? t,) 
i NVVp?. i 


Lat. S Lon. E 

72°49'5 48''39-'o 

12 26*248 45*7 
12 16*748 41*2 
12 3*3 49 ij*5 

” 57*5 49 19*^ 
12 344 49 II 

12 13*849 23*5 

12 35*049 39*7 
12 44*249 47*0 
12 46*549 54*2 
12 48 49 57 

12 56*849 56*5 

13 14*249 5^*5 

*323*550 3*2 

14 39*750 *5*7 

15 15*8 50 31*5 

16 0*0 50 11*5 

15 27*349 52*^ 

16 14*049 54*0 
16 42*5149 46*2 
16 40*5 50 4*7 


17 23*049 28*2 

17 4o*4'49 37*2 

18 2'8 49 29*2 

18 10 49 26 

18 26*5'49 25*7 

19 39*848 58*0 

19 55*048 52*2 

20 51*248 33*2 

20 58*2|48 32*7 
24 4*o'47 31*5 
24 17*3 47 25*0 
24 36*747 17*5 

24 44*747 *4*2 

24 59'7 47 77 

25 **3 47 2*2 

22 22*540 24*2 

21 31 39 36 

*7 3*5 42 50 

*2 52 45 *3 
12 38 45 3 

12 15 44 27*1 

12 II C44 25*1 
12 25 43 47 


*9*543 39 
• 25 I46 25 
14 I46 12 
I 

34*847 24 

32 47 34 
46 46 34 

23 46 12 


Cosrnoledo Is. , [3 1.] , lag. , no \ 

entr., r, [t] S., N pt j 

— SW, or Menai I., 

Astova, small, / O 

Africa continued from (48)2 

Lindy R., w, r, fort 

Mchinga B. Vill 

Kiswere IP. Rushingi Vill. 

Pagoda Pt 

Quiioa, 1^. fort 

— LJkyera reef, E extr. 

Songa I., % Ijm., SEpt 

Maha L,^9 1., W. or KisiO 

mani pt J 

Fauna Pt. extr 

__ Latham’s 1., [2c.], /, sd., mid. 
Zanzibar 1.,% 16 1., S pt.\ 

I or Kiziinkaz, w J 

— English Consulate 

N pt., or Nungwe Pt 

Miizeewy I., and rfs., [Um,] | 

cent ) 

Tungaty, Mt., 15 1., S pk 

Pemba I., NS 131., /, t. Si 

or Said pt j 

— North-East pt 

— Port Chak chak, Mo- 1 
sail., [Im.], SW pt....j 
Wascen Peaks, 15 1., mid. one.. 
^ I Mombaza, /, f, w, r, P^, fort. 
2 Melinda (Leopard rf. 3m. \ 

^ off). Pillar / 

1 Ras Gomany, N pt 


% i Lamo B., H3, W pt., or Ras ] 

W Kattow J 

1 — Town 

iKwyhoo I., Sst. of Juba, or] 
Dundas Is., pk j 


Mt. Gibbons 

Port Durnford, Foot Pt., 

N entr 

Tola I., huts 

Port Kiama, Doubt rk., mid. 

entr 

Kisrnayo L, ^ 3m., N pt. . . 
Juba R., bar, P,, entr 


Brava, town 

Marka, town 

Magadoxa, town, P, 

Murot hill 

Ras Asuad, /, 1, pt 

Ras Awath 

Ras al Khyle 

Ras Mabbere, X’ N, « w, pt. 
E extr. of Afri(*a, Ras Ila - ) 
foon, 600f., t S, w, r, E pt. / 
Hor Hadeea, (boats) 


Lat. 

Lon. £ 

South 


9°3«' 

47°36' 

9 41 

47 3* 

10 6 

47 48 

9 59-5 

39 467 

9 44*4 

39 47 

9 

39 39*5 

9 n 

39 37 ? 

8 57-0 

39 34 ? 

* SYS 

39 4* 

% 3»-s 

39 34 

7 56-5 

39 38 7 

7 2*0 

39 37 ? 

6 54*2 

39 59 

6 28*5 

39 3 3 -o' 

6 9*6 

39 145 

5 43 

39 2* 

5 30*0 

39 9*0 

5 22*3 

38 55*^ 

5 29*3 

39 42*2 

4 54*2 

39 53‘o 

5 *5*7 

39 40 5 

. 4 30 

39 22 

4 4*0 

39 43*0 

3 12*8 

40 11*2 

, 3 0*0 

40 187 

) 2 37*5 

40 39*5 

2 i 8*7 

40 57*7 

■ 2 15*7 

40 56*2 

2 14*0 

41 2*2 

2 9*2 

4* 7*5 

2 0 * 0 ' 

41 i 8*2 

• * 45*5 

41 32*0 

I 12*2 

41 28 

I 13*2 

4* 54*? 

I 0*0 

42 3*5 

0 40*2 

42 20*0 

. 0 36*8 

42 22*0 

. 0 14*5 

42 39*? 

North 


, 1 6*8 

44 3 

1 44** 

144 5' 

2 1*8 

4^5 24-7 

2 41*3 

46 i-j-.: 

1 4 34*2 

48 6-c 

5 32 * 8)48 40-0 

7 43*5!49 45*7 

9 29*0 

50 50*2 


Ras Banna (w ^ llm.) 

C. Guardafui, (NE extr. Afric.) 
Abd’l Koory, -SL- 71., A, ) 

w, W pt / 


10 26*8 51 

10 34 51 

11 9 51 

11 50*0 5r 

12 I s * 51 52 


Red Sea, , W. CoaaS i Socotra 


TABLE 10. 


9Tn 


MARITIME POSITIONS 


51) Places Lat. N I.on. E 

Salt's white rks. or Kal Fa- 1 o , o <>/ 
rooa [Ira.], 282f., mid. / ** * 

Brothers, 2, % 44I. E, or Durjy 12 7 5316 

Socotra, EW 70in., Wextr. pt. 12 33 53 197 

— NW extr., Ras jBedoo, 300f. 12 39 53 2. -7 

— Gollonsier, vill., w, r, b ....1 12 41 5 53 26*7 

I — Tamareed, r, w, Mosque ... 12 39-0 53 ^9 

— E pt., Ras R’ dresser, 1 12. 34 54 2^7*7 

— -Wadde Fellingk, w, req , 

servoir ) ^ ' 

_SW pt., Ras Kattanme,| j 

sum. over, 1465f. ) 

Ras Ahileh, J 12 o 50 4^; 

Ras Feliik, 1, 800f'. j ”57 50 38 

MeyetjOr Burnt 1., A, /.r, w, I , 

S side, *, 430f. ( " 

\ Berbers Sandy pt 10 j. 6 45 o 

IZeyla, r, P/ ii 21 43 29 

Ras Bir (w' W4m.) 11 58 43 22 

High Brothers, 5, % dm., I 

rks., large one j ^ ^ ^ 

Jebel Searjan, vole., sum 12 29 43 17 

Domairah I., [Jm.], A, pk. 12 43 43 6 

Ras Billool, sum 13 13 42 3c 

Meh-heb-bakah Is., 3, -gj^- \ 

2m., S and W or.; '3 3» 4^ 34 

Haycock Hill 13 52 41 51 

Coordomcat Is , [2m.], A, vole. 14 8 |4i 36 

Howakel I., 7m., sum 15 9 140 19 

Massowahl., [4m.], w, r, b, 15 36 39 21 

Bolhessoo I., [Im.], sandy... ic 25 39 58 

■= >■ ■>° ’" 

1 ■* =■ •” 

DhalacI.,-'i|3.101.,Doobellooi , ■ 5 

town j ^ 

Towers, hill 17 38 38 43 

Core Nowaret, r^, entr 18 16 38 20 

Low Sandy Is., % 121., El g . g 
extr., Eddom Sheikh I. ... / “ 3^ 49 

Barmosa Kebir 1., [3in.], ♦... 19 14 38 11 

Suakin, w, r 19 7 37 20 

Gomel Grushe bk., [Im.], /, 1 

sand 1 “ SI 37 *6 

Chimney Hill 20 284 37 48 

- Ras Roway, rks., 3m., E pt.... 21 3 37 19 

Reef, 3m., S pt ..22 o 37 o 

South Peak, 6900f 53 3^ 219 

Mirza Helaib, w, b, P',1 
entr 1....:............: | “ ‘5 3® 3* 


St. John’s, or Seberget I.,l 

small, 700f., j j 

Mac^our, or Emerald!., [Im.], 1 

100f.,T,^o J 

RasBenassr, j E, J SE, pt., /... 
Jebel Wady Lehuma, vis.,) 

100ml / 

Wady Jurnaul L, 24m., 1 
If mid < 


:52) Places jj^t. N Lon E 

Dffidalus sni. {AhtVl Khee- \ L„o,a' .tr®.-.' 

«r»>,T.U.F7f. .)|*4S6 35 S* 

Kosair, town ! 26 6 34 16 7 

The Hralhcrs,2Is.,%lim.,\ , , , . 

60f. T, N Islet / '**34 50 7 

Jaffatin I., Sereea pk 27 12 33 587 

Sha<h.anI..%7m.,700f.,T,-l g , 

' SE sum J ' 

Jubal I., [24m.], T E, sura.... 27 38733 48 

Ashrafi Is., It. ho 27 47*3 33 4^‘5 

Rns Glmril), It. bo 28 20*933 6 3 

Zafarami Pt., It. ho 29 6*5 32 39*7 

Mt. Agril). (Gharib) 5740f. ... 28 6732 54 

Suez, r, P', S. raolehd. ... 29 56 32 '33-2 

Toor, Imrb., 03, w'" 28 13*7 33 37 

_ Mt. Sinai 28 32 33 58*5 

Ras Mohammed, I, 

peninsula J 

Akabah, tort, \v 29 28 35 I 

Tirahn Is., ^ 3m., pk., 700f. 27 55*2 34 34 
Sillah Ts., ^ fim., /, crl., S pt. 27 37 35 16 

.Moilah, w, f, 27 40 35 28 

— High pk., OOOOf. 27 37 35 45 

Jebel Antar, 2500 or 3000f. ... 26 34 36 28 

Riaekah I., 2m., 1 26 10 36 21 

*538 36*7 

Shab Shaybah, or Palinurus 1 c _ 

rts., [4m.],T,^„3:rnid.( H « 37 7 


i Sheriu Yembo, 

Yembo, the port of Medina, ] 

w' r, entr j 

Jebel Soubah, 450()f. 

Shab Subbah, or 7 slils., -};j ] 


Wlira.ofshls (Eliza, ike.) .... 
Jiddah, 0:^!, ^ WSW 7ra., high 1 
mosque, E-d. of town . ... j 
Gad Amaze rfs , [24ni.], jS, 1 

Wpt ^ } 

jShab Umbarrack, rk, [Im.] ... 


Shab el Jurmah, [Im.] 

Sale Macowa, [Im.], v (^, 

NW 3 1.) 

Jebel Teer, vole., [14m.], 


Kotama I., % 3m *5 41 

Loheia, r 15 42 

CamaranI.,NS 3 1., w, b, S sum. 15 17 
Zebayei Is., % 5 1., N and) 


22 47 36 12 

23 36-336 9 

23 50 36 47 

23 56 35 47 

24 12 35 o 

24 39 35 8 


• Large one, [3m.], 300f., 
mid. sum 


I Jebel Zoogur I., % 10m., A, 1 

I N islet ^ ) 

j — Sandy pk. I., (w, IJm., N) 
IHamishls., NS 61., j I 

, SW pt } 

j Mocha, Pier end 


as 

38 

36 

27 

24 

6 

37 

7 

24 

16 

37 

33 

24 

9 

37 

54 

24 

44 

38 

1 

23 

18 

39 

3 

a 3 

40 

37 

58 

a 3 

38 

38 

1 

22 

43 

39 

4 

22 

2 

38 

42 

21 

28-3 

!39 

13V 

20 

15 

39 

a 4 

>9 

0 

40 

9 

‘9 

7 

4 * 

5 

>7 

36 

40 

56 

16 

58 

41 

20 

15 

3 a*: 

>41 

50 

*5 

41 

42 

16 

'5 

42 

I42 

39 

15 

17 

| 4 a 

3a 

15 

12 

ka 

5 

*5 

3 

4a 

'3 

14 

47 

42 

54 

14 

7 

43 

2 

H 

6 

42 

44 

13 

57 

42 

41 

J 3 

39 

42 

39 

13 

20 

43 

J2- 

12 

4 ' 

143 

27 
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MARITIME POSITIONS 


' Perim I., [4|m.], 230f., ® ( , 
W, Wo, S pt., It. rev. 24 If. ) 
Rhs Arab, S pt. of Arabia, /, "b 

Vlt. St. Antony, 2772f. 

\deii. It. F, Searah I., N pt.... 

C. Aden, summit, 1776f. 

Sugra, w', r, Castle 

Hnwtha, V, r, r 

V barn-like pk., .5284f. 

Ras Khelb, I, sandy, no point 

Mukalleh 

Jel)el Dhebah, a table land .. 
Shahah, Sultan’s resid., r, w^... 

C. Bogasbu 

Palinurus shl. 2J{m. % 2m., ( 

T 7" S pt j 

C. Fartak, 2G 1 , 1 

Thurbat Ali 

Ras el A lunar 

C. Merbat, 1. rky., r, w, 

Jebfl Kinkeri, 1300f. 

Ras Nus, 20 1., S pt., I 

Kuria Miiria Is., EW 45in., I 
. W one, Haski, 1 Jm., pk. ) 
— Soda, % 3m., pk., 13l0f., vi 

— llelanea, EW 7m., NE | 

bluff, 164.’>f., ) 1 

— Kibliyah, EW 2m., pk., | 

5 3 Of., Wo, rk. W 3ni. ... j 
Ras Sherbedat, 1, w 4m., W.. 

C. Isolette, vis. 16 1., pt 

Mazeira I., 13 1., OOOf., ) 

s pt )' 

— N pt., or Ras Jei 

Ras tTib.sb 

Ras el Kbubbeh 

Ra.s al Hed, Sandy Pt., I 

Ras Abi^ Daud 

Maskat, r, w, r © 

— Saddlebill. I340f. 

Jeziret .Iiin, 107f 

Clive Sboal, i>f. 

Jebel Rostag, a bluff of the | 

Jebe'l Akhthar j 

Birkeh 

Suwik, fort and town 

Sohar, town and fort 

S<;henas, town 

Dibbah, town 

Sham Peak, 6730f. 

C. Mussendom, N pt. of Id — 

— highest part, 875f. 

Great Quoin, 540f. 

Ras Sheikh Ma.sud 

Sham, fort, r, w', P' 

Ras el Kheymeh, r 

Shargah, w, 4?, 

Abuthabi fort 

Sir Beni Yas, N pt 

Rug Zukkumishl. [3] 

Ras Luffan 

Sir Abu Neyr, NS 2-Jm., N 

pt. 240f. ) 

jZirkuh I., 540f., S pt 

jGirneyn 1., 190f. 


Lat. N 

Lon. E 

12° 

1 

38' . 

43 ° 

* 5 ' 

12 

35 ‘ 

43 

56 

12 

43 - 

44 

10 

12 

46-2 

45 

2*2 

12 

45 

+ 5 

3 

«3 

21^ 

45 

4.0 

*3 

25 

46 

45 

. 14 

4 

47 

32 

14 

2 

48 

40 

14 

31 

49 

7 

14 

41 

49 

26 


Lat. N Lon. E 


14 49 

50 4 

14 53 

50 39 

*5 39 

52 16 

16 38 

53 3 

16 55 

53 52 

16 58 

1 \ 

54 42 


17 14 55 18 

*7 27-2 55 35*: 
17 29-655 51-: 


17 

32*7 

56 

2 - 2 ' 

17 

29*2 

56 

19 

>7 

53 

56 

20 

18 

5^'5 

57 

46*0 

20 

7*6 

S8 

33 

20 

43*5 

58 

52 

21 

27*5 

59 

« 5 

22 

14*4 

59 

49 

22 

33 

59 

48 

23 

19*. 2 

58 

55-5 

23 

37 *'' 

58 

36 X 

23 

3SM 

58 

35 


22 50*5 s7 S^'S 

22 51 57 57*2 

23 14*2 56 16 

23 42-7 57 54-2 

23 51-i ;;7 26 

24 2J^ 56 46 

24 45 56 29 

25 38 56 17 

25 58-7 56 14-5 

26 24*2 56 32 

26 21*9 56 32 
26 30 56 21 

26 15*4 56 13*2 
26 1*4 56 5*5 

25 48 S 5 57 
25 22 55 24 

24 29 S4 21*7 
24 2 1*5 .52 38 

24 48-5 53 46 

25 54 5 * 33 
25 15 54 13-5 

24 52 53 5‘2 

24 56 52 5-2 


Das I., [l^m.], S pt, 145f. ... 

Arzeneh, 200f. 

Dalmeh, 244f. 

Deyni, 9f‘. 

Shiraao 1., 40f. 

llalul, IHOf 

^ Ras Rekken 

g Shah A Hum shl. [2 i] 

Cj Balireyn l.,Manameh,town,r,vV 

< M aha rag I., N pt 

I Rennie shl. [2^J 

cn Al Krcyn 

Al Kran, 5f. ... 

Herguz, 3f. 

Arahy, 3f., sandy 

_ Far.se, lOf., sandy 

lias al Ghar 

Has Miishab, h 


5 Kiibbr I 

^ RasalArth , 

$ Koweyt, ^ .■ 

^ Feyleelieb 1., ^ 7m 

— Basra Custom House 

lias Taiinb, I 

Ras at Tamb 

Khargu I.. NS 4m., /, w, N pt. 
Kharg l..-?j5-.'im.,w',fort, NE © 
Abu- Shehr,12I.w,r.Rcsideney ©< 
.Assc.s’ Ears, .5m. inland, 2r)00f. 
lluinrno<;ks of Dr<.*ng, S one. ) 
.•1270f ) 

- RasMutaf, Spt 

Konguin 

Barn Hill, IGCOf. 

Ras Na> end, I 

Sheykh Shayb, 1201'., 1., % ( 

Mill., w, P^ E pt 1 

Hindei-abi 1., EW 4m.,/, lOOf. 

Snmberrun Shl., [()] 

Gays, 120f., 8m., /, t, 7-, ) 

r, w, P^, E pt I 

Frur 1., 46.5f., NS Im., N pt. 

I Ras Bostaneh, /, pt 

- Frar Shl. [-im.], 

Nabyu Fn'ir 1., [1m ], 120f.... 

i St-ri I., 50f. [3m.], S jit 

^ Bumusa 1. [3ni.], 360f., peak 

Je/t. Nairn Tumb [Im.] 

“ Jezt. Tumb [3m.], ICrif. w ... 

'< Basiduh Chapel 

"S' llenjar i , -jp- bra., S pt 

^ Kesin, fort 

i Larek I., # bim., ^ i»«*. I 

■g N pt. / I 

(J Hornjuz I.,EW 4m., fort, N pt. 
Bander Abbas, Shtnkh’s bou.se | 

T I 

Kuhi Mubarek, rk., Im. in- | 

land, 333f i 

C. Jashk, I, sandy pt., Tomb 

Ras^Zegin, I 

Shahu Mountain, 20 1 O 

Ras Mundanny, 3m.)... 

Ras Godeim, 1, (vk., SE 3m.) 


24 46 52. 34 
24 33 I52 19 
24 57 52 24 


26 n 51 13 
26 25*5 52 31 
26 14 50 36 

26 18 50 38 

27 3*5 50 42 

27 39 49 50 
27 43 49 50 

27 56 49 42 
27 47 50 J * 

27 5^ 'o 

27 33 49 Jh 

28 ivi 48 39 


29- 4 48 31 
29 20 48 8 

29 23 48 o 

29 23 a8 21 


29 20 50 22 

29 15*4 50 2o‘; 
20 59*1 50 50 
28 29 51 17 . 

28 4 SI 37 

27 41 SI 45 
27 49-; 52 4 


26 41 53 40 

26 33 53 44 

26 31 54 3*5 

26 19 54 30-5 

26 30 54 37 

26 26 54 32* s 

26 7 S4 26*5 

25 53 S 4 33 

25 53 55 3 

26 14*: 55 9 

26 15*7 55 **^" 

26 39-2 55 i6-2 
26 36 S5 52 
26 57*5 56 17 

26 53*1 56 21-7 

27 5-8 56 27-3 
27 10*5 56 17 

25 50*6 57*i8-7 

2.5 38 57 46 - 

25 34 58 4 

26 6 58 54 
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MARITIME POSITIONS 


1 Lat. N Lon. E 


iKoolab, or Maleddam Pt., A... 

' ChlEirbar, f , w' 

Ras Farsah 

G wetter, vill 

Ras Jewnee 

Ras Noo, or C. Gwadel, .... 

High Clay" Peaa, white 

Ras Sheid 

Ras Paceriee, 

Astola'I., EW 3 ra., (rk., 2 ivi. S) 

C. Arubah, h, t' NW-d 

Ras Malan 

Soonmeany, f,w, town 

Ras Moarree, or C. Monze, | 
shl., 3 m j 

Laccadivas, /, 

nifassas de Pedro bk., \ 

I Tj^pt., 7 ? j 

— rl'., NS ()m., 7, S dry j 

sand (Cherbaniani) j 

ByrajngoreReef,rf.,NS 13 m. j 

wreck on S'jiart j 

Betra-par,,rf., NS 7 m., Id., ) 

[Im.]? N exti*., / I 

Peremul-par, rf., 7 iii., f , | 

Id. NE j 

Aneutta, [ 3 im.], P, f, mid... 

Tingaro 

Pittie, [2c.], sand, 

Ameui, [him.] 

Cardamuni, and rfs., NS (im... 

Chittae, [2m.] 

j Kittan, [ 3 m.], S pt 

E extr., Elicalpeiii bk., NS | 

5 m., 6 , mid j 

Underoo, BW 3 ^m., rks., 1 

! N-d, /, T, w E end / 

I Kalpeni, 2 Is., 7 m., S pt 
Cabrutee, [2im.], rf. W-d, ^ 

T’ w ) 

Sculicli Par, Id , N, [2c.] 

— S extr. of rfl, j 


13 37 I72 32 


12 16 71 52 

II 48 71 50 


II 35 72 II 


II 40 72 42 

11 29 72 58 


10 47 73 42 

3 73 35 

10 31 7 ^ 36 

TO s 7 ^ 15 

9 56 11 9 


Minicoy, ^6ini., t, P', mid.... 8 17 73 

Maldiva Ts,, 19 Atolls, or 
groups, /, T, 111!, f , P' 

N extr., Heawandoo Pholo) 

Atoll, % 41 ., ffi, w', N > 76 72 53 

pt., Turacoon T ) 

•' Heawandoo I., [Im.], , on ) c, \ 

SWside;w, / ^ 572 7 ^ 

Tilla, and Milla, dou Atolls, » 

Eextr. j 5 5 * 73 

— Do. N Id., or Keelali, ) , 

\ [2m.], t.. :) ” 

; — Do., S extr 5 39 73 

Malcolm Atoll, -pp- 51 ., rf., 1 

Mah-koondoo 1., [Im.J.V > 6 24^ 72 

^t NE extr ) 

Powell’s Is., 2, ^ 2m., N one 5 59 72 

Horsburgh Atoll, 10m., I 

entr. S. tf, E extr. Id., w / ^54 7 ^ 

Paddipholo Atoll, 7 L, E I ^ 

extr / 5 ^5 73 

Cardiva I., ^ Ijm., f, w' 4 58 73 

1 A lagoon rf., EW 6m., N pt... 4 46^ 73 


6 57 ^ 72 54 

5 51 73 ^7 

6 59 73 12 

5 39 73 15 

6 24^ 72 40 

5 59 7 ^ 54 

4 54 nz 58 

5 ^5 73 38 
4 58 73 26 
4 46! 73 ^3 


I Male Atoll, NS :i 3 m., E extr. 

— King's I., at S pt., w, r^,, ) 

fl. st., N side ) 

South Male Atoll, 71,1 

S extr ) 

To-doo I., [Im ], w' 

Ari Atoll, NS 161 ., V N., 1 

I. at S pt., w' \ 

Pha-lee-doo Atoll, EW 10 1 . \ 

E extr j 

Moloque Atoll, “gp- 8 1 ., S extr. 

— Do. Id., on N side entr. 1 


. Nillandoo Atolls, 2, |1, NS) 

^ 13 1 ., Id. at S entr., f, w', I 

- on \V side entr. (XI ) 

g Cmlomajuloo Atoll, EW 101 ., 1 
S Karn-doo-doo I.,w’, ® ... j 
Adou Matte Atoll, 91 ., N 1 

and E pt. Id j 

— S extr.. Id., (entr. ttl, 1 

3 m. , j 

Suadiva Atoll, NS 15 1., W) 

side, entr. to E 0 , To j 

Phoow'a Moloku I., ^ 2 m., ) 

w', N pt ) 

S extr., Addoo Atoll, EW 31 . ) 
w, b, f, Gung 1 ., E pt / 

Wextr., I.Boufleuse,small,'^ 9 
Mario Loni.se I., small, j", 1 

(rf. off, 4) / 

„ S extr., I. DeNeuf, small, <*>... 
I. Etoilc, [l^m.], I, 

Poivre Is., two, [Im.]. rfs., S pt. 
Desroches 1 ., (bks. 4 1 .), W pt, 

g St. .loscpb Is., J'l pt O 

I Daros 1 ., W pt O 

^ Eagle, or Reniirc 1 ., [.^>11.]. 1 

/, rfs. ‘im., w^ I 

.Vfrican Is., small, /, W,') _ 

w,.^, 8 pt j 

I. Platte, [Mn.J, rfs. 3 m 

La Perle rf., S pt 

St. Francois, small 

Bi.iouticr, small 

Alphonse, Z, mid 

_ Coetivy L, I, sandy, ^ 8m., 1 
I f, t NW, w',r, N pt. . . . I 


North 

4^27' 73°42’ 

4 10 73 ^9 

3 48 73 as 

4 26 72 58 

3 30 72 50 

3 27 73 44 
a 454 73 *3 
a 57 73 33 

2 40 72 54 
2 20 72 55 

2 7 73 35 
I 46^ 73 22 

o 28 72 56 

South 

o i6.i 73 23 
o 4ii 73 6 

6 II 52 56 
6 II 53 19 

6 14*5 53 H 

5 4 JJ 53 9 


5 24 53 27 


4 55 53 34 

5 52 55 * 6*5 

6 2 55 21 

7 10 52 47 

7 4 5 » 48 

7 I 5 ^ 47 ‘S 


f, t NW, w',r, N pt. . . . ) ' ^ ^ 

Fortune bk., [3 1 .], To 7 16 57 o 

Agalegjis, I and reefs, 1 ^ 51 .,) 5 g 

Tromeliu, [Im.], /, or Sable ^ 

L, S j ^ ^ 

Saya deMalha bk., H 8 35 59 58 

John de Nova, or Farcpibar » o 

Npt ..j 7 51 * 

McLeod, or Marq. of Hunt- 1 - 

lyhk.;[ 21 .].p! ! 9 55 5 ° O 

St. Pierre, [IJm.]. /, j 9 20 50 50 

Providence L, [ 2 m.], w, r, /. M 

N pt j ^ ^ ' 

— Rf., 7 1 . S-d. of I., SW pt. I 9 34 50 50 

St. Lawrence O ,9 37 5® 2.3 


M M 


Oirgado^ Garajos i Chagos Group 
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MARITIME POSITIONS 


French Shoal, [5 or 6m.] 


Roquepiz, /, sandy, rfa 

An island } break. SE end . 
Speakers’ bk., -jp- 8 1., j, e , | 

NE pt ) 

Blenheim rT., -gp- 6m., j, N pt. 
Salomon Is., 5|m., EH, N 1 
Id., E of entr., orI.de Passe / 

— SW, or Boddam I 

Peros Banhos, 27 Is., 6 1., 1 

ly I. de Passe, E side, > 

entr., mid ) 

’ — Diamond I., establ. 

I — S extr., Foquet I., /, 

I Benares shl, % 1 ^m., j, mid. § 

, Victory bk., ^ 4m., E pt., 3 
( Great ChagOf bk., ^ 32 1., j, 1 

I — Nelson’s I., [Im.], /, ^ 

[ — North extr., 5 

— NW extr.. Eagle Is., 

5m., /, if, N pt ) 

— W entr., Danger I., 
Egmont, or Six la., % 6m., ) 

T, SE Id., f ] 

Pitt’s bk., \ 101., 7, N pt., 10 

— West extr.. To' 

Ganges’ bk., ^ 4m., W extr., e 
Diego Garcia NS 13m., /, 1 

if, r, w, Mid. I., E entr. j 

— South pt 

A Reef, NS 21 

Reefs, -jP" 91., I, 7 S 1 

extr., Cocoa^I., if^, j 

Baleine shl., rf., [im.] 

Frigate I., [Jm.] 

Pearl I., [^m.] 

Siren I., [fm.] 

Establishment 

Mapare I., [im.] 

North I., [im.], w’ 

Albatross I., [Jm.], ^ 



6 24 60 4 

5 45 71 26 

4 45 72 24 

5 9 72 25 

5 18 72 127 

5 21-572 9*7 
5 14*071 46*0 

5 15 71 4^*7 
5 ^7 71 46 
5 >5 71 37 

5 33 72 13 

6 5 7 ^ 43 

5 40 72 16 

5 39 7^ I 

6 10*571 18 

6 23 71 13 


Rodrigue, EW 1,5m., vis. 141., 'j 
rfs., 5 I. to SW-d., Mathu> 


7 22 71 2 

7 13*5 72 23*0 

7 26*072 23*2 
7 II 72 36 

*6 48*9 59 3^'7 

16 40*759 33*5 
16 36*0 59 33*2 
16 32*7 59 32*7 
16 28*2 59 37*2 
16 26*5 59 39*0 

*6 35 59 45 
16 23*3 59 41*0 
16 15-059 37-7 

19 40*4 63 25 


Round I., [Im.], 1049f. 

Mauritius. Peter Botte, 2600f. 
— PoaT Locis, Cooper’s I.,! 

s. pt J 

— C. Brabant, hill 

— Grand Port, Queen’s Batt. 

I Bourbon I., % 14 I. Vole., 2.5 1. 
— Sr. Di-nis, 2 Its., F, vert.,8.5f. 
I— Pr. of B«l Air, It., F, 151f. 

: I — South extreme 

• Enderby’s land, pt. uncertain.., 

' Bouvet’s I O 

j Thompson’s I O 

I Prince Edward’s!. 2 [.5 l.],andS 
i I [.‘5 1.], A We.stI.,Npt./ 

•* Marion I., East cripe 

I Crozet’s Is., Mog I., A, 1, ^:o»\ 

(a rf. SE 9 m.) J 

Kerguelen’s land, ^ .92 I.,"] 
Christmas Harb., b S I 
side, N pt., or C. Fran9ais J 

— Bligh’s Cap, A, to* 

— C. St. Louis 

*— Solitary I 

— C. George 

— E extr., 0. Sandwich 

Heard or McDonald Is., 

50m. Meyer rk, N W extr. | 

St. Paul’.s, % 3m. 860f. t E, r,S 
I Ninepinrk.onEsidc,(w'iin.) J 
Amsterdam [4m.] ,w,sum.2760f. 
Keeling Is., ¥, /, N Id., [litn.] 
“ — S grp., Borneo Coral Is., 1 

NS8m., Spt ) 

— Direction I., [fm.], SW pt. 
Christmas I., EW 31., vis. 1 

121., J, LNW J 

Continent continued from (55) I 

Kurauchee, EH, fort It F 120f... 
Indus R., mouths always) 
changing, Kukewari mo. j 

Mandvee, town 

iBatc, fort 

Pt. Jigat, or Dwarka, temple... 

» , Conical Hill 

I j Diu Hd., pt. White tomb 

’ > — Island, Watch Tower 

^ Jaffrabad, IH, fl* st 

. Shalbet I., [|m.], rfs. Ira., mid. 

- .Goapnauth Pt., pagoda 

\ Periin I., rfs. NS 5m.,ltF30f. 

; Gogah, town, w, f , E pt 

Cambay, fl. st 

Surat Castle 

Vaux’s tomb, and Taptee It. ... 

Damaun, r 

St John’s Highland 0 

Versavah fort *.. 0 

Bassean R 0 

Terrapore Pt © 

Bombay, @0, (Ht Observe, #) 

1\G.M.T. 8“ 8"' 49» ) 

— Lighthouse, It. R 2^ 130f. 
— Outer It. V., F, 7 A/. It. !•* 

Coulaba I .....© 

Chaoul, Q], 3 6 


Lat. 

Lon. E 

South 


*9° 50' 

57® 50' 

20 11*7 

57 367 

20 8*9 

57 317 

20 27 

57 ** 

20 22*6 

57 457 

21 l6| 

55 48 

20 51*5 

55 *97 

20 53*2 

55 387. 

21 24 

55 40 

67 30 

44 0 

54 *0 

5 *4 

53 56 

5 30 

46 34 

37 56 

46 52 

37 53’5 

46 10 

50 28 

48 40 

69 4 

48 *7 

68 48*5 

49 155 

68 38 

49 50 

68 35 

49 4^ 

70 14 

49 ” 

70 33*5 

53 1*5 

72 31 

38 42*7 

77 347 

37 507 

77 3*-5 

II 50 

96 51 

12 12*6 

96 54 

** 5’4 

96 53*0 

10 31 

105 33 

North 


24 47*3 

66 58*1 

*3 57 

67 25 

22 50 

69 i 8*2 

22 28I 

69 9 

22 14 

6g 57 

20 57 

71 18 

20 40*7 

70 51 

20 42*7 

70 59 

20 51*6 

71 22*0 

20 54 

71 31 

21 12*3 

72 -6*5 

35*3 

72 20 

21 40*0 

72 i6*5 

22 17*0 

7^ 35-5 


21 12*0,72 47 

41 5 -/ 7 * 37-5 
20 22*5 7 * 49 

20 2 72 43 

19 7 72 46 

19 18 72 49 

19 52 72 40 

18 53*7 7 ? 48-0 

18 53*7 7 * 48*0 
18 49 72 46 

18 37 72 51 

18 34 7 * 54 









Ceylon , i Malabar Coast 


lAbLE 10 


MARITIME POSITIONS 


Rajapour Harb., S or| 

Rajah Pt ] ® 

Bancoot R , lof., bar 

Severndroog L, / 

Augcnweel Harb., fort, | 

^ S entr j ^ 

Zyghur Pt., f 

Geriah Pt, h]^. st, 133^. 

Angria bk., NS 7 1., f, u, S pt 
Vingorla rks , [5m ], zof., i 
I", bcac. •• j 

Goa, (21, r, St. Ann’s It. R 7“ 

Agoada Pt, w'" 

Marmagoa, r, fl. st 


C. llamas, h, 1, W extr 

Oyster rks., [^m.] 

Carwar Hd 

Anjediva I., [^ni.] 

Merjee R., w', b, bar 2, N | 

bluff } 

Fortified I., w, [Im.] 

Pigeon I., vis. 81., j 

Barsalore pk., 4452f. 

St. Mary’s rks., 5in. out, ) 

large one 

Premiera, or Molky rks 

Mangalore, bar Tof., fl. st 

Barn hill 

Mt. Dilly, 8 or 9 1 

Cananore, pt., j, W, fl. st 

Tilljcherry, r, W 2 Its. F 
Sacrifice rk., 20f., j 


Cliitwa, Ch 

Cranganore R. , fort, bar Z f. . 
Cochin, V, r, W uf., (It. F' 

114f.), fl.st ; 

Ouiloan, fl. st 

Aiijenga, w^, fl. st 

Trevandrum Pagoda 

C. Comorin, pt., S extr. of 

India, I, sandy 

— Peak 

Manapar Pi., 

Trichindore pagoda 

Punnecoil, w, r, b 

Paumben Pt., fort 

Calpcntyn, fort 

Negombo 

Colombo, r, w. It. F 97f. .... 

Calitura 

Pt. dc Galle, O, ® , r, w, fl. st. 

It. F lOOf. ! 

Adam’s peak, 7000f. 

Matura, b, w, fort 


Elephant rock, inland . 


East extr., Aganis 

Baticolo, (bar sf.), b, w, fort 

3m. up 

Friar’s Hood 


phant Pt. . 


Lat. N 

Lon. E 

18° 

16’ 

73 ^* 

0' 

• »7 

57 

73 

1 

. 17 

47 

73 

5 

17 

33*4 

73 

H 

• 17 

16 

73 

10 

. 16 


73 

22 ' * 

. 16 

18 

71 

43 

*5 

53 

73 

'^7 

J 5 

28*3 

73 

51*2 

*5 

29*5 

73 

46 

• 15 

24.1 

73 

46*7 

*• 15 

21 

73 

45 

■ *5 

4*2 

73 

54*7 

14 

48 

74 

3 

H 

47 

74 

10 

. 14 

45 

74 

5 

*4 

30 

74 

21 

. 14 

i8*5 

74 

23*2 

. 14 

1 

74 

18 

• *3 

50 

74 

51 

13 

20 

74 

40 

*3 

II 

74 

38 

12 

5 ^ 

74 

49*0 

12 

40 

75 

1 

12 

2 

75 

II 

1 1 

51*2 

75 

21 *7 

11 

44*9 

75 

28*2 

1 1 

30 

75 

30 

1 1 

15*2 

75 

45*7 

10 

33 

76 

« 1 

10 

12 

76 

12 


58 

76 

*4 

8 

53*5 

76 

33*2 

8 

39*9 

76 

45*0 

8 

29*0 

76 

5 ^ 

8 

4*0 

77 

32*5 

8 

23*2 

77 

30*5 

8 

22 

78 

3 

8 

30 

;8 

7 

8 

40 

78 

6 

9 

I 7 -C 

)79 

14 

8 

^5 

79 

45 

7 

12 

79 

48 

6 

56*] 

179 

49 

6 

35 

79 

56 

1 ^ 

i*J 

I80 

12*5 

.. 6 

5 ^ 

80 

29 

5 

57 

80 

33 

’t 5 

55 

80 

36 

3 6 

10 

81 

28 

.. 6 

21 

81 

28 

.. 6 

23 

81 

48 

•• 7 

2 

81 

53 

I 7 

44 

81 

41 

7 

27 

81 

28 

• ^ 

0 

81 

33 


Foul Pt 

Trincomalee, It. F 206f. ) 

I Fort Fred. [j^ } 

^ Pigeon 1., [4m.], rk., rks. off 
^ Moeletivoe House, (shl. 4m.) 

Mark House ? 0 

Palmyra Pt., t, (shl. 5m.) ... e 

Pt. Calymere, /, f ] 

Negapatam, \v, r, bar, fl. st. ... i 

Five white pagodas ] 

I Tranquebar ] 

• ColeroonShl : 

Porto Novo, w,, 1 

Cuddalore, town and riv., w, r i 

Pondicherry, It., F 131f. ] 

- Alcmparva i 

Sadras, fi. st i 

Covelang i 

Mai>r,\s, [b], Ouskrvatory, ^ : 

— liight Fort St. George, i , 

^ Fl. 2“ 132f. j 

I Pulicat, It. ho 1 

^ Armegon hill i 

Mootapilly shl., [Im.], 5 , j, '| , 

e 8m. out j 

I Pt. Divy, It. F 90f. 

® Masuliputam, fl. st 

Narsapour, pt., /, ^ I 

Pt. Gordewar, It. F 73f. 

Coringa, town, 

Vizagapatam, fl. st 

Santapilly rks., [Ic.], Tuf., y... 

„ Chicacole 

Ganjam, fl. st 

Jugurnaut pagodas, large 

Black Pagoda 

False Pt., /, f, It. F 120f. ; 

.Mypnrra I., [im.], S pt : 

Pt. Pahniras, If f , (shl. 2 or 1 

3 1. olf) I I 

Ralasore R., fl. st r 

^ ' Pilot Ridge, It. V. F j 

g East Chan. It. V. F 1 

fiQ Kedgeree, It. F i 

.Saugor I., It. Fl? W, or Mid- \ 

dleton Pt., ) 

Calcutta, [b], Fort William .... 
Diamond Harb., Semaphore... 
Luckipoor 

- Chitt.igong, to wp, jetty 

— River, bar *}, fl. st. at mouth 

Kotnbdea I., 4 1., It. I 

F on W side 120f. / 

Shoal Patch, [Im.], 4 

Elcplumt Pt., vis. 51., rks. off 
Table Land, 8300f. ? 

( 

St. Martin reef, [Jm.] 

— I., NS .5m., S pt. rks 

Oyster Id., 8, rfs. SE, It. on rf. 
Mosque Pt., or Fakeer’s Pt.... 

§ Akyab harb., CQ, fl. st 

g Great Savage, It. F lC6f. 

Borongo I., % 6 1., hum. S pt. 
Kenain kown toung pk., 12 1. 


Lat. N Lon. E 

8®3»' 81^19' 

8 36 81 14 

8 43 81 iz 

9 16 80 50 
9 33 80 30 

9 51 80 14 

10 18 79 52 

10 45*679 50*5 

10 49 79 50 

” i‘5 79 50’5 

11 27 79 47 

11 30 79 43 

" 43’5 79 45’7 
” 55*7179 49*? 

12 15 80 o 

12 32 80 9*2 

12 48 80 15 

13 4*1 80 14*2 

13 4*7,80 17 

13 25*2 80 19*0 

14 1 So o 

15 25 So 18 

15 57* 81 11 

j6 9*1 81 85 

I 1 6 20 8 1 42 

16 48 82 18 

16 49 82 12 

17 41*6 83 17 

17 59 83 45 

18 17*083 53*2 

1922*585 3 

19 50 85 56 

19 52 86 8 

20 19*4 86 44 

20 41*3 87 7*0 

1 20 41 87 9 

I 21 28*0 87 o 
,j20 50 187 39 

121 3 188 12 

•|2i 50*3^7 55*7 
I21 38 88 I 

. 33*5 ^9’7 

. 22 1 1*2 88 10 
. 22 55 90 55 

. 22 19 5[9i 49*5 
1 22 14*1,91 50 




Mergui Archipelago , , Gulf of Martaban , Pegu Araran 


TABLE 10 


MARITIME POSITIONS 


,Terribles, 6m., W lira 

Kyook Phoo, fi. st 

Beacon I., [Ira.] 

Checluba I., 6 L, W pt. vole, 

j — Town, r, w 

— South pk., 1700f. 

Tree I., [Im.], 250f. w, mid. 

Sandoway, town 

Foul I., 2m., sum 

Vestal shl., 4 , [Am.] 

Rocky Pt 

Gwa, Mosque ... 

St. John’s, or Ch. rks., [4m. j 
Calventura rks,, ^ 2l.,l 

NWgrp ) 

Milestone rk 

Coronge I., ^2. 2m., S pt. ... 

Shoal, awash, [^m.] 

Round Cape 

C. Negrais 

Diamond I., [Im.], if, f , mo. 1 
of Pegu R., (rks. off) . ... j 

Poriam Pt., 1, t 

Aguada rf., 2m., It. 11 

Elephant Pt, f , pagoda 

Rangoon R., bar a. City, ^ 

Dagon Pagoda ) 

Riv. Settang, E pt. entr., /, 1^.. 

Martaban 

Maulmain, pagoda 

Quickme, pagoda, (rf. T^m.)... 

Amherst, pagoda 

A summit, vis. 9 or 10 1 

Double I., [Am.] It. F 

CallagoukI.,NS6m.,w NE, 1 

N sum j I 

I Pagoda Pt., Bluff’ Pt j 

jMoscos Is., N grp., N Id j 

j — Mid. grp., mid. I., sum. ... 

I — South grp., S pxtr I 

jThe Cone, vis. 16 1 , 

iCap I., [^ra.] ; 

Tavoy Pt., Pagoda,!, f , w, b I 

Tavoy town | 

Tavoy I., % 6 1., Pk. ( w, S] j 
i part). Port Oivcu, E-d, | 

I Mergui, large pagoda 

‘Cabossa I,, ^ 3^m., sum 

W. Canister, [2c.] , A, i 

Tenasserim I., NS 34ni., sum. 
Sir Ch. Metcalfe I., 3m., 1 

sum ) 

Great Western Torres, [5m.] 1 

W sum / 

Black rk., vis. 8m 

Twins, NS 10m , S one, [Im.] 
Horsburgh I., [fm.], vis. 7 1. 
St. Matthew’s I., sum. vis. 18 1. 

— Hastings harb., SI, wWg, 1 

barb. pk. .T. ] 

Pt. Victoria, W pt. of Pakl 

Chan R ) 

1 Western rocky I., & rks. [4m.] 
(Chance I., -iJ^ 5m., pe^,l 
vis. 131. ) 


Lat. N I Lon. E 

if2z' |93 °t 6' 
19 26-493 32-5 
18 54 5 93 a6 
18 52 93 28 

18 51 93 42-5 

18 41 93 41 

18 26-593 55 
18 26 94 18 !! 

18 3 94 6 

18 2 94 14 

17 36*594 34 
17 33*5 94 35*5 
17 27-094 20 

16 55 94 14 

16 40 94 18 


16 16 94 12-5 

16 1-5 94 10*5 

15 5**5 94 * 5*5 

15 49 5 94 23-5 

15 42 ’94 II 

16 28*7 96 19-2 

16 47 8 96 8-5 

16 28 97 20 

16 32 97 35 

16 30 97 37 

16 3-197 32 

16 4 * 7 i 97 33 
16 I 97 35 
15 52 ’ 5,97 34*5 
15 34*5 97 38 ' 
IS 12 97 47 

14 27 97 4 S 

14 II 97 46 

13 47 97 53 

14 I 98 24 

13 32 98 6 

n 3**398 14-2 

14 3 98 II 

13 5 98 20 

12 26-7198 35 
12 47*697 50 
12 42-097 42 
12 34 [97 49 


II 47 97 25 

II 23 97 38 

10 28 97 40 

10 12 97 51 

9 58*098 10-7 

10 5*198 10-2 
9 58*597 31 
9 5*’5 97 50 
9 ^4 97 50 


Middle I., [l^m.], vis. 8 or 91. 
Seyer Is., NS 4!, 7, pk. vis. 1 

101. ; 

Junkseilon, or Salang I.,NSi 
8 1., (a high rnt. vis. 1 2 1. ), > 

S pf., Lem. Voalan J 

— Piiket, town, 153, r,w o 

Pulo Rajah, or Taya © 

Brothers, 2, NS 8m., S one 0 
Sangald, or Guilder rks., rf, ) 

T I 

Telibon L, [S, r, SW part O 
Bouton Is., 2, E or Dome, 18 1. 
Pulo Laddsi, [.'im.], Bassl _ 

Ilarb. H, peak / ^ 

__ Queda, town, O O 

” Pulo Pera. vis. 7 1., 7 

' Penang 1., NS 4 1., sum.2713f. 
j — George Town, 00, fort 1 
Cornwallis, fl. st. ... © ) 

Saddle I., [>.] 

Pulo Dinding, ^ 3m., A, T, ) 

wE •••) 

S Salangorc, hill and fort 

.2 Sumbelan, or 9 Is., -4^ 7m., \ 

»§ vis. 71., f , white rk j 

Jara I., [4m.], 7, t 

® I Parcelar hill 

*5 , Round, or S. Arroa, h, 'f', \ 

^1 (rks. off) 

I C. llachado, vis. 7 1., 1, ... 

I Malacca, (It.), fl. st 

-I Water Is., h, large or S., w 

I Mt. Moar, /?, it 

' Mt. Formosa, (bk. WSW 2 1.) 

I Po. Pisang, 200f., "P 

i Singapore, fl)], battery 0 

Pt. llomauia, (Is., 3m. out)... 

iBarbukit hill, 0 lof 

.Pedra Branca, 7, NW, 

S, Horsburgh It. 11 P" 

I 95f. ) 

.Bintanghill, 1200f. 

, — Black rk 

! 

' l*r<-|Mris I., tjP- 8m. T f 1 

reef off E side S. pt ) 

Great Coco L, NS 6ra., f , \ 
i Itf b, w} (Slipper and I 

” Table Is., North), It. on I 

I Table I., F 195f ) 

■Little Coco I., NS 2.Jm.j » 

' 1 S. pt I 

Great Andaman, Port Corn- 1 
2 I wallis, Brush Id.. BE! ... j 
§ j — Saddle Hill, vis. 20 1., ( 

« I N pk • f 

g — Port Blair, Chatham L, I 


Lat.N 

Lon. E 

9 ' 


9 f * 7 ' • 

8 

41 

97 

36 

7 

43 

VO 

00 

14 

7 

53 

98 

24 

7 

36 

98 

18 

7 

3 * 

98 

20 

7 

10 

9* 45 

7 

30 

99 

24 

6 

34 

99 

17 

6 

21 

99 

47 

6 

6 

100 

20 

5 

42 

98 567 

5 

^5 

100 

H 

5 

25*1 

100 

20-2 

5 

*3 

ICO 

10 

4 

16 

100 

35 

3 

20 

lOI 

22 

4 

2 

100 

30 

4 

0 

100 

9 

2 

5 ^ 

101 

*5 

2 

49 

100 

35 

2 

26 

101 

50 

2 

10*5 

102 

14-2 

2 

4 

102 

19 ’ 

I 

59 

102 

40 

I 

49 

102 

54 

1 

28 

103 

>3 

I 

17*3 

103 

51-2 

I 

22 

104 

16 

I 

24 

104 

11 


.5 Sisters, 2, [Im.] E one 

Brothers, 2, ^ 3m., N one... 
Little Andaman, NS 7 l.> ) 
S bay, (P„ w N pt.) [ 
S. or Little Sentinel, [Im.], I 

61 ., t j 

Sir Hugh I., S extr 


20 104 24-6 

5 104 26 

14*5 A04 34 


H 50 5 93 39 

14 12-5 93 22-2 
' I 

*3 58 93 *3 

13 17*5 93 2 
13 12 93 o 

II 41-2 92 42*7 

11 11-2 92 45 
II 4 92 39'i 

10 33*5 92 28*5 

11 2‘5 92 124 

II 47 91 4'7 



TABLE 10 


533 


MARITIME POSITlOTs’S 


West Coral bk., W lim. ... o 
Flat Rock [30 yds.], 8f. (on ) 

Invisil)le Bk.) j 

Volcano or Barren I., small, l 

vis. 13 1 ) 

Narcondam, small, t, vis. ) 

15 1 ., 2150 f. ] 

N and W lim., Carnicobar, | 
NS 6ra., P', r, w, mid. ) 

Batty Malve, or Quoin, | 

[llm.] Wo ) 

Cbowry 

Theressa, ^ '4 1 ., S pt. ... 
Katchall, or Tillongchool, \ 

EW 4 1 ., It, vis. 8 1 ., o 

■ wpt :: ) 

NE lim., Tillongrhong, ) 
L10m.].A,t,(ls.S),Npt. ( 
Noncowry I., | 4 m.], f , j 

N, f, w, harb ) 

Meroe, small, / 

Little Nicobar, 4 1 ., I 

(w NW), N f^t ) 

S and R lim., (Irt. Nicobar, | 

1 NS 10 1 ., Spt.t ( 

Po. Rondo, vis. 8 1 ., rks. S-d 
Pulo Way, ^ 3 1 ., vis. 12 1 . \ 

J S, 8 pt 1 

Bouro I., or Malora, small ... 
Po Nancy (bay 8. w, b, 4 ^ ), ) 

Npt I 

- Pulo Brasse, N end It. bo. 
(iolden or Queen's Moun- 1 

tain, 8280 f J 

s Achen Hd,, or King’s Pt., } 

“ A. i ..J j 

: Pulo Riah, [Im.], 300 -I 00 t’. > 

5 t I 

Cap I., 50 or 60 f., rks. ...| 

^ IBockoean Pt., 

I An.ilaboo, w, r, b, N pt 

J il. Felix, /, J 

; Soosoo, town 

‘ Cl oonung Loose, 1 l,000f. 

^ T impat Tuan Pt 

Bankoeongon, R. and vill. ... 

Sinkel. pt © 

“ Cocos Is., 2. I, f O 

Pulo Simalla,% 171 ., Npt. o 

— South pt O 

Flat Is. , 2, (small) O 

8. W. Baniak I., NS 3 1., | 

W pt } o 

Passage I., I, sandy 

Middle I., [1 1.] 

Pulo Lacotta, /, ^ 

Pulo Babi O 

Pulo Nias, 22 1., W pt. o 

— Soulh pt, r, w O 

Pulo Buiiga © 


Lat. N 

Lon. E 

13° 10' 

92^^24’ 

11 8 

93 30*2 

12 157 

93 49 

13 25-8 

94 *5*5, 

9 10 

1 

92 46 

8 46 

92 5> 


8 28 93 3 
8 12 93 6 

7 I 93 ^3 


6 45 93 54 

6 3’5 95 77 
5 46*5] 95 
5 407 95 247 
5 40 95 

5 45 95 4-2 

5 22 95 45 

5 3» 5 95 i3’2 
4 52 95 23 2 


Mansular Is., [4 1 .], ffil ^ 

SE, w',b; NW pt ^ ^ 

Natal B., SS 0 o 33 

Ayer Bangies 0 on 

Pulo Pennee. % 3 1 O o 10 

Mt, Ophir, 37 1 O o 5 

Tanali Massa, N pt O o 2 

South 

Siberoet, N pt o 56 

— West I O 1 55 

8ipora,^S pt., C. Marlbo - 1 ^ ^ 

N. Pager L, N 3)t 2 32 

— SW pt., or Pt. Batoe ...O 2 51 

8. Pager I., S pt 321 

■ Trieste I., [ 1 . 1 m.], I, f 4 3 

Engano I., ^ 7 1 ., P„ W \ 
pt ) ^ ^ 

— South pt.. Black Rk 5 31 

Priaman, fl. st o 40 

Padang head, 1 , h, fl. st. ... O o 59 

5 Pulo Haringen 1 54 

Indrapour Pt., ^ 2 10 

Moco Moco 2 34 

Bencoolen, fort Marlborough 3 47*6 

* Buffalo Pt O 358 

Manna Pt © .4 3^ 

( 'awoor O 4 50 

Pulo Pisang, [l^m.J 5 8 

Mt. Ponyong O 5 4 

Lrooe. w, r O 5 15 

BerM’oonat. B.f rky 5 35 

Little Foitunc 1 ., [Im.], /, ( 

t 5 5+ 

Flat Pt 5 59 

f.abooan 1 ., EW 5 m., W end 5 42’ 

Key>er’s Pk., 7412 f. 5 25 

. Kalambayaiig Harb., 53 , w, ] 

r, outer Id. to SW of> 5 47 

cnlr ) 

Pulo Lagoondy, mid. N ( I 

side 1 I ^ ^ 

Uajah Bassa, \y, r, pk., 4398 f. 5 49 


102 13 
100 6 

100 18 
100 35 

100 45 

101 4 
6 102 13 

102 15 

102 42 

103 24 

*03 55 
.03 58 
1C4 3 

104 18 


104 32-5 
104 47 
»04 39 


I .lava Head 6 

Mew B., w ", SE of Mew ) , 

I., P, j 

— Prince’s 1 ., -.f 4 1 ., N and ) ^ 

E pt, 1 l. 50 f. ( 

^ Krakatoa, ^ 6m., pk. at S ] g 

part, 2623 f j 

Sea Klip rks., C^ap rk 5 

.St-booko, 3 m., N pt 5 

Thwart the Way, or Ren- \ 
yang I.. 2 . 1 m.,/, (rks. 5 

2 m. NW), pk. 450 f. ) 

Anjer, f.w, r (It. SW -d),fl.st 6 
St Nicolas Pt, 21 OOf 5 


47 105 I* 

45 105 »5 


59 >05 23 

52 105 32 

58 105 507 

3’2 '05 55 

52^ ic6 2 


ITappanooly B., I., Pon- ) 00 

ohang Kacheel I / ^ 43*8 98 43 


iPulo Doa 


North Id., small, vis. 7 1. ... 542 105 50 

Thousand Is., Northern- ) 

most Uoea I } 5 *4 5 ><>6 »» 

— lVblak.in, or W. Id 5 28*5 ic6 23 

Armuydeii rk., [Im.], lOf., 5 13 10642 
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MARITIME POSITIONS 
I Lat. S I Lon. E | (66) Places 


/ North Watcher, small, \ 

I (Omega shl., E' b S' ^m. [ 

' St) I 

I Two Brotlsers, ||„, N ) 

Lynn Shl., [Ic ], d, j 

Brouwers si Is., 2 rfs., [:jm.] 

Shahbunder shl., E lim 

I Tree I 

A sand, [Im.], 4 

Lucepara I., [Im.], w', 1 

(rf. SSE, 2m.) .....V / 

First Point, /, level, ^ 

Banca, S extr. , rk. off 

— Parraesang hill, 1250f 

- — NankaIs.,3,greatone,w, 1 

b, N pt ) 

— Monopin, or Manoom- 1 

bing Hill, I640f. J 

— Frederic Hendric rks 

I — North orMimcodaPt., islet 
— Goonung,orMt.,Marass, 1 

Esum.,2G00f j 

— E extr., Brekat Pt., hum. 
— Entrance Pt., (SE extr. of 1 
Lepa), w Nd j 

Sand, 4 

Fairlie rk., [jc.], 4 f., j 

: Sand L, [1 1.], /3 all round ... 
Embleton, rf., [Jm.], T N\ 

and W I 

Vansittart shls., NS 3 1., S 1 

and E pt ) 

Saddle I 

Table I 

Pulo Lcat, 6ni., Alceste) 
(wrecked there ) rk.atN pt. ) 
Long I., EW lOrn., W pt. ... 
Billiton, Po. Selio, to SW \ 

[4m.], S pt j 

— SE point, (shl. 2 1. out) ... 
— Hound Mountain on E part 

— North-west I 

Carnbee shl., 

Shoe 1., or Pyramid 

Canning’s rk., [^c.], I, j, 3.. 
Gaspar I., [l.]m.j, vis. 101... 
Treel., [Im.], rk., 2 or 3 t 

- Columbian rk., lof. 

Belvidere shls., 4m., rk., ) 

Npt ) 

Dutch shl., b 3 

Magdalen shl., [Ic.], 2 , j, cii. 

Newland sld .,'2 5, jj-, 

Palmer shl O 

Severn shl., [3m.], lof. ....O 

Catherine rf, 

Pratt shl., H‘., [im ] . 

Attwick rk. ....* 

Vega shl., [Jc.], » f., t 3 .. O 

Shoe I. Kebatoe 

DiscovervWest bk., [Im.], Id. 
— East bk.. [im.]. Id. 2t... 
Osierley. shls., [6 1.], N one... 
I Cirencester bk., {im ] 


5°i2'i io6°2/ 

5 9*5 io6 6 
5 12 lo6 12 
5 4-7 106 15 

5 :o 106 o 
3 42 los 55 
3 44 106 27 

3 13 106 13 


3 8 106 31 

2 35 105 56 

2 23 105 45-1; 


1 58 104 58 

I 28 105 53 

1 54 105 51 

2 34 106 51 


3 19 106 43 

3 27 107 I 

3 30 107 10 

3 18J 107 12 


2 59 107 17 

2 49 107 4 

2 53 107 21 


Montaran Is., EW 12 1., NE \ 
extr. or Catherina rf. . ... | 
.■S — NW grp., Toukoukemou 1 

I I., h, rfs / 

^ Ontario rf., [^m.], t, 3 (a 5 

5 coral rf. W 3m., 3 ) / 

-I Souroutou, EW 2 1., 1400f., i 

w. Wend ) 

^ Carimata, [3^ 1.], w, b, pk. \ 

2986f. : / 

Wellesley sbl. ? 

Panumbangam, ^ 21., A, 1 

V, W pt ) 

Greig shl., [21.], 2 


Pulo Toty 

- Pulo Docan 

Po. Toojoo, or Seven Is., -^jg- 1 

8m., f, NW one_ / 

Smith shl., [2m.], 3 

Pulo Barcllah,' Is.[3m.]),450f. 

Pulo Taya, [3tn.], 630f. 

a Po. Sinkcp, S pt 

5 Alang Kalem, [2m.], T 

Linga I., -t* sum. 3921f 

East Domino, [Im.] 


Pollux rk., 

Terobi, ITif. 

Frederick rk., [3c.], 

Pulo Panjang, EW 4m., ) 
390f., E pt ) 

Sumatra, continued from (64)3. 

First Point 

Batacarang Pt 

Jabong Pt j 

C. Baroe 


Messana I., W side entr. 

Rhio Str , 

*Gt. Carimon, S pk., 1474f. . 
Little (’arimon, ^ 3m., T, 
yNE, Npk., 1062f. ... 

Bucalisse I., I, NE pt 

Pulo lloupat, N pt., J 

; Reccau R., Lalarig Besar I., 

;i [li] 

IN. and S. Brothers,-^ 5ra., 

! j T, N one 

' Battoo Barra R 

- Pulo Varellah, 8 1., w, b, P, . 

Delhi R 

jPrauhilah Pt., (rf. 3m.) ... 

Diamond Pt., I, ^ 

> Pedir Pt. or Batoo Pedir... 
Pt. Pedro 


3 47*7 108 
3 37*8 108 , 
3 34*5109 
3 19 108 

3 142108 


Pulo Tingy.f.wMf,, sum. 204 6f. 
Pulo Aor, ^ 22 m., 1805f. ... 

Pulo Pemangil, 15071 

PuloTioman,NS10m.3444f. ) 

N pt., r^, b, w, P, ) 

St. B^rbe, [dm.], A, w, s\im. \ 

752f ) 

Direction I., sum. 639f 

Pulo Dattoo, A, SE Pt 


Lat. 

Lon. E 

South 



io 8 °S 4'2 

a 31 

108 35 

a 1 

108 37 

I 42 

108 38 

I 37 

108 51 

I 18 

108 31 

I 12 

109 12 

0 55 

108 35 

0 54 

105 47 

1 0 

105 40-5 

I 8 

105 12 

I 7 

105 0 

0 50 

f04 25 

0 45 

ro 4 57 

0 41 

104 23 

0 26 

104 58 

0 12 

104 34*5 

0 8 

North 

105 0 

0 12 

104 44 

0 43*5 

104 46*5 

0 38-5 

105 8 

I I 

104 50 

South 


3 0 

106 3 

2 0 

104 51 

0 56 

104 23 

0 I 
North 

103 48*5 

0 26-3 

104 31 

I 5 

103 19 

1 8 

103 22 

I 34 

102 23 

2 6 

101 39 

2 10 

100 34 

3 24 

98 46 

3 n 

99 34 

3 47 ! 

99 3^ 

3 46 

98 41 

4 53 

97 52 

5 *6 

97 30 

5 29-5 

95 55*2 

5 39 

95 27-2 

% 18 

104 8*5 

2 28 

104 31 

2 36 

104 19 

2 55 

104 10 

0 8*1 

107 13-5 

0 14*6 

... 0... 

108 2 
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maritime positions 


'Green Id., centre 

St. Esprit Is., % 4 1., high- ) 

est peak 817f. j 

Wellstead rk., 1 

Kllen shl., rks., [^c.], Tf. ... 

St. Julian, summit 537f 

Tambelan Is., ^ 6 1., r, ( 
Great, summit 1300f. ... J 

— Gap rk....^ 

Europe sbl., rf., [Im.], T ... 

Camel I., summit 574 f. 

Saddle T., summit 307f. 

Barren I., summit 80f. 

ViotoryJ_., summit 285f., 81.^ 

Acasta rk., Tf., j 

White rk., h 

Hepon I 

Pulo Domar, 150f.,^o, y 

Djimaja, 5 1., S pt 

— North extreme, Gueritc rk. 

— NE Islands, extreme 

— Outer rk. on E side 

St. Pierre Is., 2 * 

S. Haycock I 

Sirluissau Id. Koti Hd.,76r)f. 

Kepalou 

West I., 8G5f., N end 

Soubi I., N end, 200f. 

Jackson rfs., E extr 

Low I., [1 1.], N end 

N. Haycock I., A, rf., S-d ... 
Elphinstone rk., 70f. 

S extr., Sededap I., A 

Great Natuna, NS 40m., N pt. 

— Mt. Ranay, on E side, ) 

1890f.v j 

.Middle rf. 

Selouan I., fl 1.], S .sum. ... 

Low pyramidal rks., 25f 

Success breakers, [2m.] 

Semioiie, or Saddle 1., (a) 

rk- -aj- 4ra.) ) 

N. Natunas, N islet 

Blair Harbour, EB 

Pulo Varela, rk., rf- 2in.... 

Howard shl., T 

Pulo Brala, 10 1., rks., N 5 1. 

Pulo Capas 

Tringano II., w, r, bar 

Great Redang I., pk 

Pulo Lantinga 

Printian Is., outer one 

Pulo Lozin, small, 7f. 

Kalantan R., bar, w' 

E. Patani Pt 

Koh Krah, grp., large one ... 

Car no m Pt 

Samni I., [2 1.?], 2000f. sum. 
How Lueng, Mt., 7m. in- ) 

land. 432Gf. ( 

Koh Tarkut (Po. Cin t) i 
(peaks, 1815f. 5m.).,. j 

Meinam R., entr., mound ... 
Bankok, Brit. Factory 


Lat. N 

Lon. E 

o°44'7 

107° 19' 

0 37*5 

107 I 

0 3z*4 

’'07 53 

0 41*2 

107 3i*z 

0 55*7 

106 43*5 

I 10 

107 32-2 1 

I iz-5 107 34*5 

I II -3 

107 25*5 

I 11*7 

106 53 

I *9'3 

107 2*2 

I 3«*7 

106 25*5 

1 34-7 

106 18*5 


Lat. N Lon. E 


I 39 io6 19 
a 10 IOC 33 
z Z44 105 51 
z 44 105 Z4 

z 50 105 54 

3 Z9 106 IZ‘2 

3 z5 106 z6 
3 15 106 Z9 

I 51-7 108 39 
z 17 108 54 

i 33 ‘08 59-5 

Z 3Q*C ICO 10 

a 43 5 35 

3 3 'oS 5 ^ 
z 56 107 56 

3 I 107 48 
3 107 34 

3 z3 107 51 

3 33 3 

4 16 108 II 


4 ^3 53 


Siam, now Ayuthia, mid 

Koh-si-chang I., NS 4m., 1 

w', N pt ) 

Koh Leum I., [|m.], 445f.... 

C. Liant 

Chalan 1.. [Ic.], 40f., y, 5... 

Cawsbaff Mt 

Junk rock Pt 

Kusrovie rk 

Sainit Pt 

Buniba town 

Teeksia R., mouth 

(’ambodia Pt 

Po. Way, 2 Is. Im., 250f. 
Pulo Panjang, L., EW 3m., | 
550f., w, b, r., great one j 
Pulo Oby, 2^m., av, 1 

104Gf., SW end ) 

Saigon, City, Obey 

C. St. James, A, ^ 2 or 3m.... 

Britto shl., [l^m.],T, 7- 

. Pt. Kega, (Mt. Taicou, I 

*.-1) 

('oiccr de Terra, /, 2 3m. 

(b Padaran, A, 1, y 

False C. Varela, (Camranh ) 

Harb., ^), A f 

Pyramid I., A 

Nhatrang 13., @0, w, b. riv., i 

bar, 7 f. , Trei! I ] 

Three Kings, rks., y, Hone- ) 

Cohe barb., w j 

C. Varela, or Pagoda C., A, ) 

L pt ) 

Perforated rk., rks 

(lonieal Mountri 

Phuyeti Ilarl)., 1^. entr 

Coumong llarb., 1®, entr. ... 
Pulo Cambir, "Ir 3m., 6 1. ... 
Quiuhone Harb., IS, entr. ... 
C. Saiilio., A, 1 


13 3z 100 35 
13 44-6 'ioo z8-2 


Charlotte Bk., [3m.], T, y... 
Brothers, 3m., E one, A, ^ 
Pulo ('ondore Is., [3 1.], 1 

w, Tf,, I954f., village j 
Royal Bishop, 32m., To ... 
Lit. Catwick, summit 5Gf. ... 
Great Catwick, rr, sum. \ 

196f. .. / 

Yusun shl. 1 

Pulo Sapatu, rr^ sum. | 

3lGf j 

Holland bk., 2.1, y, centre ... 
Pulo (’eicer de Aler, 3.jui. ) 
r., highest peak j 

Vanguard shl., E. and W. 7 1. 9 

Grainger shl., g 

Prince of Wales bk., T, S part 

Prince Consort bk., To, | 

o uu -f i end 

Rifleman bk., lit., j 

\mboyna Cay, centre 

Owen shl., [2m.], crl., T ... 


107 37 
106 15 

106 36-5 

108 14 

109 4 

108 55 
ro9 z*z 

109 6 
108 43 
[08 56 
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Spratly or Storm I., 8f. ... 

Ladd rf 

London rfs., W. reef — cay 

— central rf., d 

— East rf., E. extr 

— Guarteron rf., d 


Fiery Cross rf., ^ 15rn. I 
I. or NW Investigator j 
Luconia breakers 

— danger 

— shls., Seahorse break- | 

ers j 

— George and Abercrombie } 
— Friendship, shl., [.3 1.], ) 

T, N pt ^ i 

Louisa shl., [3m], rks., j ( 

mid j 

Roval Charlotte slil., | 

■ [l.\m.l, rks I 

Swallow shl , [4m.], rks. at ( 

E pt 1 

South Viper .shl. ? O 

North Viper shl. ? O 

Arda.sier shl., 

Gloucester shl c ) 

SW Shea O 

Investigator, rf., EW 5 1., ( 

W pt ( - 

Cay Marino.’ O 

S. Cornwallis shl. O 

Pearson shl., rks., NS ) 

2m j 

Ganges O 

Sin Conn I O 

Discovery, Great rf., NS ) 

7m.,d.,Nend f 

— Small rf., d di 

We.stern or Flora Temple ) 

rf. ) ® 

Tizard Bank, Ita Aba I. ... © 

— Nam Yit I © 

— Eldadrf. 

— Gaven rf. 

Pennsylvania O 

— Another do O 

Half Moon shl., ^ 3ra., ) 

- S pt 1 

Royal Captain shl., rks., | 

[Im.] ...( 

NE Investigator O 

Pennsylvania O 

Bombay shl., rf., W pt., j ... 

Sabina .shl O 

Pennsylvania, shls., [41.], | ^ 

mid f ^ 

Pennsylvania O 

Ganges O 

Loai ta I. and'rfs., S.I., f © 

— Cay, W end 

Soubie rf., d., centre © 

^Thitu I., and rfs., W end 0 
(Trident Sh!., N end, d. ...Q 


Lat. N Lon. E 
8°38' 

8 40-3 III 4 i ‘5 
8 519 11a 15*5 
8 55 112 20 

8 49*5 112 38*2 

8 51 112 50 

9 36 6 1 12 54 *f= 

5 3 38 

5 31 33 

5 31 33 

5 43 >5 

5 58 112 31 

6 20 113 18 

6 57 113 35 

7 23 113 50 

7 30 115 o 

8 o 115 25 

7 37 1 14 10 

7 50 1 14 14 

8 c 114 50 

8 5 ‘*4 35 
8 30 1 14 20 

8 52 114 12^ 

8 56 1 13 44 

9 2<; 1 14 10 

9 42 >14 22 

10 7-5 113 53 

10 I 1 14 ^ 

10 15 113 37*5 

JO 22*5 114 21’5 
10 1 I I 14 21 

10 23 1 14 4“ 

, 10 13 II4 13 

8 50 115 18 

9 5 115 20 

8 52 116 15*5 

9 I 116 39 

9 12 ri6 30 

I 9 32 116 28 

. 9 26 1 16 56 

) 9 42 ij6 38 

) 9 49 1 16 47 

) 10 o 115 12 

) 10 ]X 115 5 

) ro 40-5 1 14 25-5 
^ 10 44 1 14 21 

) 10 55 IJ4 7 

) II 2 114 11-5 

) II 31 1 14 39*5 


North Danger, a”^, 2 islands 

10 to 15f. ! 

Brown, 5 


Brown, shl., [3 1.], j,a) 
flat, mid j 


Auckland, 


Scaliorse or Routh bk., 1 

9in., ^...J 

'I’emplar bk., NS Im., 10... O 

Cochin China continued from (68)3 

Butfalo I., or rk., J O 

— Turtle I., small, / O 

Tamquam R., bar O 

C- Butangan 

Pulo Canton, vis. 9 1., rf. SE, w 

Qui-Guuk, w, S pt 

Collao Cham, False O 

Collao Cham I., 5m., A, [ 

W summit j 

C. Turori, penins., E pt 

Turon Bay, [$], w, r, islet in) 

^ E cove \ 

^ Collao Han, or Turon Id. 1 

at N pt. of Bay ] 

C. Choumay, N pt 

R. Hue Fo, barT, fort, W 1 

■o eutr J 

_ ('. Lay, rky., E jit. shl 

TigfM- 1 , [lir. ). h 

S. Watcher 

C. Houng Guiona, 1., [|m.], | 

SE of \ 

Sovel 1., [l^m.J, (rk. NE-d, j 

i 

Westernmost Mamrnelle 

li.'icht Kouenn Harbour 

Dai R. mouth 

Balat R. mouth 

Nightingale I., mid 

Lacht Huen, rk. at entrance 
Norway Is., Southst. pt. ...O 

Pirate 1., NE pt 

^ Parklung C O 

^ Lien Chew, city O 

" Guei Chew I O 

i'e-'Lui Chew, C. C.'imi (.) 

Hainan I., .W 1., Heong- | 

pi hr. ^ J 

Double hill pt 

Pyramid pt 

Yait (3ii w 

§ Yu-lin-kan B, LLJ, entr. to'i 

•2 inner harb J 

S extr., 8 1., 1, C. Bastion... 

Brothers, ||, E one 

Liong'soy Pt 

Sail rk., rks., || W, 7 

Tinhosa I., NS 10 1., ) 

T E, S .sum., (Wq) } 

False Tinhosa, 71 



Lat. N 


I 1 ° 28 ' 

0 

10 30 

0 

10 35 

0 

JO 43 

0 

10 52 

0 

10 6 

0 

10 20 

0 

10 34 

1 

0 

0 


1 16 39 


1 17 26 


14 39 108 58 

15 16 108 59 

15 23 109 7 

15 25 io8 50 
15 40 108 43 

15 57 108 37 

16 8 108 20 

16 7’3 108 13 

16 12 108 15 

16 21 108 2 

16 34 107 43 

17 6 107 7 

17 10 107 18 

17 55 106 38 

17 56 106 31 

18 8 106 27 


20 15 109*54 

19 57 109 33 
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MARITIME POSITIONS 


i Lat. N I Lou. E | ( 72 ) 


15 50 114 59 


High Mountain, 3 pks , vis. | ; 

NE pt., or Hainan Head 20 12 no 44 

Taya Is., vis. 5 L, 11 W, N one 19 58*8111 16*7 

— S one 19 48 III i2*a 

S and E extr., Triton I., % ) r * 

4 m.,Npart. 20 f. ...^ 7 :) ‘5 4 ^ m n 

Bombayshl., sF- 41 ., dt*.,) ,5 , 

] , mid j ^ ^ 

Discovery 5 E extr. i6i6 in 46 

Cre.scent Chain, 6 Is., /,EW, ) r 

Nextr :) 35 ■ii 40 

North shl., 2 1 ., J, E pt... 17 6 in 32 

E extr., Dido 16 37 112 50 

Lincoln I., [Im.], rfs. lin. ) , 

/. »,W. ........ j '^40 M2 4 i 

.^mpUilritc Is., 2 grps., % l , 

31 ., II, None, Wpt J *'’59 

-Sgrp.,WoodyI.,[lm.],| .650 ..a ,8 

Macclesfield shl^, coral, E\V \ 

231 ., « to 00, supposed) 15 50 114 59 

growing, SE extr ) 

Scarl)or()Ugh sill., SE extr. ... 15 . 5 117 52 

— N extr 15 12 1 17 44 

St. Esprit shl., 7 ...^ 19 33 113 2 

Pratas sld., [7 1 .], rks., 5 , 1 . 

1.1. at WpLl ) ^° 4 ’- ■■6 4 i -5 

Helen Shl., c.'^ j 19 12 113 54 

jNow Chow, T., NE pt I 21 o no 45 

Quan-chow Wiin | 21 JO |iio 23 

Tien Pak, f^, outer 1 21 22-^- in 12 

llni-ling-shan T., #4 1.,) 

® E, Twins, at SW pt... } ^*54 »ii 5 ^ 
Matulariri’sCap, 200 f. 21 28 112 22 

Passage I., E entr., Na- ) 

nio^lta j 55 34 

Wizard rks., outer grp., 30 f. 21 47 113 i 

Tylon I., h, wh.^ patch E, r, ) 

*Spt.. ....... ... ...:} 5 ^ ”3 15 

Grand Ladrone, [ 2 in.],i, 91 , 21 57 113 43 

Haipong I., # 3 m., S part, ) , _ , , . , _ 

Asses’ Ears ) 54 4 

Great Lema, # 6m., w, E pt. 22 5 1 14 19 

Lantao pk , 3050 f. 22 16 113 58 

Macao, fl. st 22 )r4ii3 33‘5 

('anton, English factory 23 6-9113 15-0 

Hong Kong, # 9 m., Vic- ) . 

toria, N.sick^Ch.lB ) “ '® 5"4 97 


Ching-hae fort 

C. of Good Hope, E pt 

Namoa 1 ., EW 12 m., sum.] 


Lat. N I Lon. E 

a2°59'5'n6°3i'5 

23 14 116 47 


24 10*3 118 13-5 
24 21 n8 9 
24 28-3 118 3 

24 24 118 19 


116 42-5 a 


toria, N .side, Ch.fjj].. 


I22 16-5114 9-7 


— Wellington Battery '22 16-4,114 9 5 

Nincpin rk 22 15-7 114 22 

Mirs Bay, S 3 , rk. mid. entr.... 21 27*5114 25*5 

A high summit, 281 Of. 22 31 114 32 

Single I., [ 3 c], j 22 24 114 40 

Mendoza I., [Im.], j, 480 f.... 22 31 114 50 

Fokai Pt., sum. N Im., 670 f. 22 34 114 54 

Pedra Branca, A, -j" 22 18*5 115 8 

Whale rk., small, j 22 30*5 1 15 o 

Che-lang-piah Pt., J 22 39 115 34 

Si-ki rk., 80 f., y 22 42 115 46 

Cup-chi pt., rks. S 2 m., ) o ^ 

aam. 210 f: . ) “ 48-4 *16 4 

Breaker Pt., /, rky 22 56 116 28 


^3 ..- 4 - 7 .4 

Table Hill, 1767 f. 23 39 117 9 

Chelsieu rks. [Im.], 20 f. 23 29 117 15 

Brothers, 2 , ^ 2 m., S one ... 23 32 5 117 42 

Tonsang llarb., entr.,) 

Pagoiia :} *3 44 ”7 33 

South-east I., [Im.] ^3 47 ^*7 43 

S. Merope shl., # 5 m., 3,1 ^ ^ 

Chapel I., [Ic.], 200f., 1 24 10*3 118 13' 

Chaiichat rks., /, E extr 24 21 118 9 

Amoy, Haussen 1 24 28-3 118 3 

Quemoy L, # 10m., S pt. ... 24 24 118 19 

Dodd 1 ., [Ic.], rf. E-d, E 24 26*1 118 29 

We.st Peak, a Mk., 1714 f. ... 24 40 118 20 

Iloo-e-tow Pt., 80 f 24 31 118 33 

Chimmo, (South), Pagoda I. 24 38 118 40 

Mt. Keu-sau, pagoda, 760 f. . 24 43 118 38 

Chung-clii Pt., lOOf., (rks.off) 24 46 118 46 

Chin-(;hew, 1 $!, Passage 1 24 50 118 49 

Pyramid Pt., (rks. off) 24 52 118 58 

^ieichow 1 ., # . 5 m., S pt 25 i 119 6 

— Sorrel rk., [-im.], COf. .... 25 2 119 ii 

Ockseu Is., 2m., E one ... 24 58 119 29 

Ping-hai 25 ii 119 16 

Loutzee rk., [Im.], (rks. off) 25 7 119 22 

- Lam-yit 1 ., -j_,- Hm., S islet ... 25 9 119 32 

Yit Is., , E extr.. Reef 1 .... 25 18 119 47 

Chimney I., EW 2 m., N pt.. 25 23 119 45 

South reef, [-im.] 25 23 119 52 

Turnabout 1 ., [fm.] 25 26 119 59 

llae-tan I., NS I 7 m., pk. ) 
cm NE si, le, 1420 f. ^5 3 ^ ”9 5 « 

Kwing I., [ 2 m.], (off NE j ^ ^ 

part of Hue-tan), E pt.... j 5 3 9 57 

|Whitc D.,gs, pp % 4 m„| ^ 

VIS- 7 1 ., outer, E pt j ^ ^ ^ 

Sea Dog rk., small, j E 26 5 120 i 

River Min, Sharp Pk., N entr. 26 8 119 42 

Ting hae. 26 18 119 50 

Matson I., # 3 m., S pt 26 9 119 58 

Chang-chi I., 3 im., pk. J g 

Larne rk 26 16 1 20 14 

Alligator rk., small, 40 f. 26 9 120 26 

Tung.yin^ Is., % 3 m., p S, 1 ^g 

sum. 853 f j 

Double Peak I., ^ 3 im..l ^g g 

w, pk. 11901 J ^ 

Pih-seang Is., ffim.], N Id.... 26 42 120 21 

A Dangerous J., 26 53 120 3^ 

Fuh-^ouI.,% 4 m.,VNE,ll ^g g 

W-d, sum. 1 /OOf. j ^ 

Tae Ls., [ 21 .], E one, sum.\ , 

G 18 f........ ) 5 ’ •“ 4 - 

Seven Stars, rks., [ 2 m.] 27 4 1120 51 

Cleft rk 27 6 120 4< 

Nam-ipian, entr. W pt. ... 27 9 !izo zi 
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i Lat. N I Lou. E 


Pih-quan pk., 5m. inland | : 

Castellated rk. , j 

Nam-ki 1, grp., #7m., w, ) , 

740f., t / 

Pih-ki-shan Is., EW 4m., E pt. 2 

Quoin 2 

Wan-chow-foo, city 2 

Pe-shan Is., [ 2 m.], E one ... 2 

S. Foreland, I., [^m.] 2 

Chik-hok I., [^m.], 1, 760f. . 2 

N. Foreland, 1., [ 4 m.] 2 

Taichow Is., % 9m., S pt, 1 ^ 

or Fingers > 

— Shang-t»i, grt. one, w\V, 1 ^ 

Npt 1 ' 

— North Id., [and rfs. 2 

Square 1 2 

Tung-f'huh, or Bella Vista, \ 

2 m., sum. 700f. j 

Hai-mun, S of cntr. of R. | ^ 

I Taichow, citadel j 

Fall I., [Im] 2 

Hirshau Is., -rjp- 5m., r', S or 1 

Saddle I.,J^20f., w j ^ 

Eight feet rk., (N of do.) ... 2 

Triple I., [2c. .^] 2 

C. Conway 2 

Montague I., 4m., 740f., ( 

„Ept I 

1 Sheipoo 2 

Kweeshan Is., [Cm.], grt. 1 

one, sum. 400f. j 

— Patahecock I., [3c.], A .... 2 

— E extreme 2 

j Chusan Is., S extr., Tinker rk. 2 
— Tttouhwa I., 7m., 1 

sum. 1680f. j ^ 

— Chookea I., NS G^m.,) 

pk. llGOf. j ^ 

— Outermost, Tong-ting, 1 

[ 2 c.] / ^ 

Cone I., small 1 

Chusan I.,% 7 l.,Ting-hae, 1 ^ 

citadel j - 

Chin Hae 2 

Ning Po, pagoda 2 

Friendly Bluff, 980f. c 

‘ Fisherman’s Is., EW, E 1 

extr., Brothers, j j - 

— Four Sisters, rky. islets, j 
— Monte Video, ^ 2 m., j, 1 ^ 

A, sum j - 

Leuconna hummocks, [ 5 m.],j 3 

Beehive rk., j ■ 

Chin- 8 anI.,EW 8 m., SW pt. J 

Childers rk., 7 j 

Barren Is., [Im.], rky., j.... 1 
Saddle Grp., 13m., E 1 ^ 

Sad., S pt., 7 J “ 

— N. Saddle, EW 2 m., 7 , \ 

Npt ) : 

Rugged Is., EW lOm., SW ) , 
Horn, 5 Of. j > 


Yang-tse C., Chinese beac., 1 

35 f. j 

Gufzlaff I., [^m ], 21 Of. 

Ariadne rks., [Ic.] 

Amherst rks., [Ic.] lOf 

Woosung, fort W bk. of riv. 
Shanghai, Brit. Cons 


Pescadores Is., NS 15 1. 

— Junk I., summit 260f.... 

— East I. N end 

, - High L, 217f 

— Yih Pan I. N pt 

— Pachau J., [14m.],N pt, 1 

15Sf. f 

■ — Table T., W pt., 180f. ... 
— Ponghu I., Makung 1 

OlKS. 1 J 

— W. pt., Fisher's I 

— North rk 

— Round I 

Nine-feet rf. 

Formosa, S eape, W extr. ... 
Lambay I., [ 24 m.], summit 

Ape Hill, 103r)f. 

Fort Zealaudia {Tai-wanfu) 

Fort Kok-si-kori 

Wanckau Bank, iij 

Table Hill, 3G0f. 

Pam-sui-harb., CIl, White Fort 

Sum. Eastward, 2800f 

Syau-ki Pt 

Pinnacle I., [|m.J, || S 

Crag I., [Irn.] 

Agineourt I., [Im.] 

Kclung harb., Ruin rk. 1 

on W side J 

Kelung I., [.irn.J, 5H0f 

East extreme of Formo.sa 

Sau-o Bay, Obs., W side 

Mt. Morrison, 12,8501". 

Blackrock B., outer rk 

Sainasana I , [Im.], rky. ... 

Pontianak R 

Mampava Pt 

Satindyaiig 

Boerong Is., Lamokotan, ) 

N cud J 

Sambas R 

Tanjong Api, 1, f , J 2m., w’ 

Tanjong Datou, A 

Marundura I., small, 120 f. ... 
Tanjong Sipang, ark., [rks. 1 

5m.) j 

Tanjong Po 

Sarawak 11., New fort 

Sirik Pt., / 

Mt. Sil ungun. 1500f. 

Tanjong Barram, /, rf. off? ... 
Mt. Mulu, bOOOf., IG 1. in-1 

land J 

Brunai, or Borneo, city palace 
Moarro I., E pt 


^3 

31 

119 

59 


54*0 

120 

57*5 

25 

10*4 

121 

2 5*0 

25 

12 

121 

30 

25 

i8'4 

121 

31 

25 

26 

121 

57-5 

25 

29 

122 

67 

^5 

38 

122 

8 

25 

8-6 

I 2 I 

44*5 

^5 

12 

I 2 I 

48 

^5 

2 

122 

0 


35"5 

121 

49 " 5 

^3 

29 

120 

5 ^'S 

23 

6*5 

121 

25 

22 

39"4 

121 

272 

0 

3 

109 

12 

0 

21-5 

ic8 

55 

0 

24 

108 

43 

0 

48 

108 

41 

I 

13 

108 

56* 

I 

57"5 

•09 

18 

2 

5 

109 

39 

2 

3*5 

109 

6*5 

1 

48 

110 

ao 

I 

45 

I 10 

31 

1 

33 

no 

21 

2 

46 

III 

21 

3 

48 

113 

47 

4 

36 

II3 

58 

4 

7 

IIS 

14 

4 

52*2 

1 14 

54*2 

5 

0*4 

IIS 

7 
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Labuan I., 10 m., \y, ES ) 

Ramsay Pt j 

Three Is., [2 1 .] 

Pulo Tega I iV-//. 3 1 . N end 

Castle Pk., loOOf. 

Pulo Gaya, % 4 m. NW end 

Samaratif^ Bk. 3 ^ 

Veinom Bk. 2^ 

1 Saracen Bk. SW extr 

Mangaloon 1 ., small 

Ambong B., w 

Kini Balu, Mtn., 1 . 3 , 700 f. .. 
Matanani Is., [.'im.], W pt. 
N. Furious shl. V 


Lat.N 

Lon. E 

5°i6'5i 

.5“. 5'- 

5 2.2 1 

14 49 

5 ' 

15 40 

5 47 ' 

K. 5 

6 2 

116 0 

5 36 

53 

5 49 

5 

6 6 

115 18 

6 1 1 

‘JS 35 

6 18 

no 20 

6 7 

33 

6 42 

1 16 19 


N eAtr., Sampanmango Pt., I 

Kalampunian I., off j 

Balarnbaiigan I., ^ 5 1 ., 2 i 

SE, SW pt j 

Bbnguey T., 7 1 . N i 

part, w, pk., 14 1 . ... j 

— E side, Bancowan I 

Mangsi Is., % 3 1 ., (rfs. ) 

WSW 3 1 .) 1 

— N one, Salingar I., (Sa- | 

lingsingau }) \ 

Balabac 1 ., NS 7 1 ., 1900 f., ] 

S pt., or C. Melvill / 

Camiarainan 1 , [Im.] 

a Palawan, HO 1 ., S extr., | 

I or Pt. Booleelooyan ) 

« Boolanhow hill, North end | 

^ of range ) 

Albion head 

York breakers, [^m.], I foot 

(Other shoals not enumerated) 

Table Pt. ^ 

Ooloogan B., NW head 

— M^atering B 

High 1 ., off Port Barton,! 

10 . 50 f ) 

Malampaya Sd., Pancoh 

Tapiiitan 1 ., (Rugg. Is.) N ! 

pt j 

(’abuli 1 ., [Im.], 5 () 0 f. 

Durnaran I., 5 1., E pt., | 

Pirate Hd 1 

Carlandagan I., NS 2 m., E pt. 

Barbaran, Stockade 

" Port Royalist, N Hd 

Detached I., [Im.], I 

Canaron I., [Jm.] 

Nangaloo Is., [1 1 .], NE pt. 
Yloe I., [3 1 .], S pt. rock off 

— Linicapan ’ 

'Pres Reyes, rks., [am.] 1 

Delian I., [Im.] 

Tarn I., 3 m., N pt 

Busuanga I., ^ 12 1., N pt. 

Colocoto rks. [Im.] 

(hilion I., % 7 1 ., Culion 

Koek, sf. 

Merope shl., [2ra. ?] 1 

Appo shl,, % 2 1 .? Is. I ; 

iarge I | 


7 I 116 20 
7 4 116 46 

7 12 116 53 

7 19 9 

7 14 117 20 

7 32 117 20 

7 37 J*7 

7 48 116 58 

8 5 117 7 

8 20 117 12 

8 40 1 17 26 

9 17 118 o 

9 53 118 10 

10 o 1 18 40 
10 8 118 47 

10 10 n8 50 

10 31 119 6 

10 52 119 25 

11 14 119 17 
II 26 119 31 


Lat. N , Lon. E 

f 

Falmouth Bank, NS 2 1,11, ) 1,0^0' 121° o' 

Panagatan shl., EW 3 m., 3 f ii 51 121 18 

.‘^emerara Is., N one, [ 5 in,], ^ 12 7 121 19 

— S one, or Pirate I., t', \ „ 

/ 1 1 x 4. 12 1 22 

w, (a lake), SE pt. ... ) ^ 

Quinilubaii, [11.]. reinkble. I , j 120 4.7 

spire on W' extr \ 

Manignin 1 11 36*5121 40 

Dry Sand bk., (T .’) ii 24 121 34 

Manamoc I. and rfs., [2 1.] ... 1 1 20 120 43 

Cuyos I. 

— Grt. or Cuyo I., Town o 10 52 121 o 

— E extr. or Pagiiayan ...o JO 58 121 12 

— S extr., Imalaguan O 45 *2^1 3 

— S.W. extr., islet, Paga... O 47 >20 35 

- Sombrero rk. [10 yds.] ...G *043 121 33 

White rk 0 10 28 121 2 

Ambolon I., Send, (shls. ) ,,..,21 o 

SE., 1 | { ” 5 '^« ° 

Port Mangarim N. pt., I 12 20 121 4 

Pt. Lumintau O 12 31 120 55 

5 Pt. Pandan, (Is. N W 2 m.) / O *2 50 120 47 

^ Mamburao 11 © 13 15 120 37 

; C. Calavite O 13 26 120 17*5 

5 Palaon B., vill., w 13 23*5 120 29*2 

Mt. Calavite, 2000 f 13 28*7 120 24 

I't. Escarseo >3 32 121 o 

Silonay 1 13 27 12 1 13 

Pt. Dumali, (sum. ^ 3 m. )... 13 6 121 34 

Pt. Dayagan 12 38 121 32 

Pt. Pandan 12 17*5 12 1 23 

~ Idhagao T., [ 2 m.] 12 12 121 25 

Ylin I., Pt. Ylin 12 10 12 1 6’ 

Golo I., SE end 13 38*5120 25*5 

5-5 

• — Looe Bay 13 43*8120 16*7 

■' Cabras, or Goat 1 ., N pt. ... 13 54 120 2 

^ C. Santiago, (Minerva rk. ) 
i ESE, 5 n,.)./ i 

> Fortune I., [Ini.], /i 14 4 rzo 29 

- The Friar, N-dof Pt. Limboncs 14 18 120 37-5 

I Cavite 14 29 J 120 54*5 

Manila, Cathedral (It. F, 70 f.) 14 36*0120 58*1 

Orani *4 4^ 120 33 

Corregidor I., It. R. 1 "', ( 339 f. 14 23*3 120 34 

Pt. Luzon, or Homos 14 25*5 120 28 

Port Subec, Grande 1 14 47 120 13 

~ Pt. Capones, large I. off, A, 14 55*5120 0*5 

Yba, town 15 20 119 58 

Masinloc 15 33*5 119 56-5 

Hermana mayor I., summit... 15 48 119 47*2 

J. Pt. Caiman rf. SW ^5 55 119 46 

a Tambobo pt 16 0*5 119 43*5 

C. Balinhasay 16 25 119 52 

Port Sual 16 5 120 6 

LingayiMi 16 3 120 14*5 

g Pt. San Fernando 16 37*5 120 16*5 

^ Pt. Darigayos 16 51 120 20*0 

■4 Port Santiago 17 17 120 25 2 

Pt. Dile 17 34 120 21 

Mt. Bulagao, 3594 f 17 42*5 120 32-5 

IPinque 1 17 40 120 22 

Culili Pt 18 5 120 28*7 


10 39 120 17 

10 21 119 25 

9 43 47 

8 53 118 17 


13 43*8 120 i6*7 
13 54 120 2 

13 46 120 40 
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C. Bojeador, /, /S 2 rti 

Pt, Mayruica 

Caraballo Hill 

Cdbicutii^aii Pt 

Aparri, town, f fo 

C. Engano, Hermanns Is. ... 

Declieas rks., A, ])k(l 

('uiiia])iio rks., h. j, j] W ... 
Camiguin 1 ., A \., (Port ) 

S. Pin Qninto, W, vv), i 
vole. vis. 20 1 ., Font I. ) 
Fuga. or Now Babuyan, ] 

EW 5 1 ., Port Musa, | 

at W end I 

Dalupiri, vis. 11 1., 4 ;^, rks. \ 

S d.. N pt 1 

Calayan, [3 l.J, A, j, rf., ) 

NW pt 1 ^ 

M yllie rks , 2 , 2 m. I .. 

N part I • 

Claro Babuyan, [ 51 .], A, ) 

vole. E end f V 

Balintang or Rieliniond '* 

Is. . 3 , [ 11 .?] A, 1 , T, Q 

d.,, N one ) 

Sabtan ( Bashee) I., NS| 

5 in., S pt { 

Ibugos, NS 2 m., S pt 

Dequez (Gout I.), [fm.], ) 

W pt I 

Batan, or Monmouth, -jP- | 
‘Jm.,r, w'N sum. 38001 . ( 
— San Domingo, Cathedr. ] 

or Ch ) 

Diego, (Grafton l.J, [4m.], ) 

84 Hf ( 

Ibayat. (Orange I.), 8m., \ 

r, ^ W, N sum., or Sta. f 

Bosa. 680 f. ) 

.Siayan, [im.j, mid ^ 

Mabudis, 4}'^ Hin 

N. Basbees, 'Yami, 1 | 
(North Islet is .SS\N 2 m.) ) 
Gadd’s vk. or (Cumbrian ) 
break 1 


Lon. E 

0 

’8) Planes 

120'* 34*5 


Jaulo I., small O 

120 52 


.Samur I O 

120 54 


Malanduraatue, 1 , Est. of | ^ 

121 6 


Is 

121 37 


San Miguel B., Canton ) 

122 6*5 


I., W of entr. [Im.J .. j ^ 

1-2 4 • 


I. Batavanan, 3 m., N pt.... 

122 4 


Sisinm Port, [$J 

Palurnban 1 ., EW 3 m ., ) 

121 48 


outer j ^ 

Catanduanes I., -yp- 121 ., 1 
shl. Nof, [1 1 .] 1 ^ 

121 16 

J=> 

0 

— Bagainango I., oft* E pt.Q 

— S. or Caloltong Pt O 

Volcano of Isaro 

121 13 

2? 

0 

V^olcano of Albay 

Rapurapu I., [3 1 .], S pt. ... 

I 2 I 22 


Pt. Montugan, rfs. 3 m 

Volcano of Bulinsan 

121 39 


St. Bernardino 1 ., [ 2 c.], 2^^, ) 

1] E and W / 

122 1 

122 14 


S e.vtr. of Luzon, Calintan I 

Port Sorsogon. 03 , town 

Tieao I., % 5 1 , N pt. (Is. ) 

olf.) ) 

— Port San Jacinto, on E 1 

* 2 * 53 


side, vv, r j 

Masbate I., N pt 

I 2 I 49 


— Jintotolo I 


Lat. N Loa. E 


14 19 122 25 

14 26 122 50 


14 7 123 II 

14 II 123 24 
*3 59 ‘^3 44 

14 o 124 4 

14 8 124 13 

14 2 124 23 

13 31 124 15 

13 37 123 24 

13 16 123 41 

13 12 124 14 

13 8-5 124 137 

12 46 124 6 

12 46 124 18 

12 32-5 124 67 

12 577 124 0-5 

12 43 123 36 


20 21 jI21 48 
20 28*5,120 1*2 

20 27*5^121 59*0 
20 41*: |i2l 57 

20 47*3 121 52*7 

I 

20 52-1 121 55*5 

20 54 ,121 57 

21 5 1,12 1 57 

i 

21 42*3 121 37*2 


Little Botel Tobago, [.^m ], 

A *. 

1 

) 

2 I 

57-7 

121 

36-5 

Bold Tobago, % 8m. f , 

1 

,1 

22 

5 



NE pk. 1850 f 


33 5 

Vela Rete rks., [ 2 m.]. vis. 

) 




48*2 

5 ra 

( 

21 

45 *J 

1 20 

Yligan Pt 


iS 

2C*5 

1 22 

18 

Mt. Do.s Cuenios, I0()8f.... 


17 

3c 

122 

6 

I’urnango Port, N pt. entr. 

0 

1 6 

43 

122 


C. St. lldefonso 

0 

16 

5 

121 

46 

Port Larapon 


H 

43 

121 

34 

Polillo I .,%7 1 .,NEpt.,l 
SE-d,) j 

0 

15 

5 

122 

6 

— South point 

0 

14 

43 

122 

4 

Jomalie I., [3 1 .], E pt. ... 

0 

H 

35 

122 

>7 

Maulamat 1 . 

0 

H 

30 

122 

>9 

Cabelele 1 ., [ 4 ra.], S pt. ... 

0 

H 

*5 

121 

50 

Alabat I., r 3 1 .], /, N j)i., | 


»4 


|l2l 

5 S 

(sd. bks.' W-d.j 1 

c 


— Port Barreras,on N side, 1 

m, N pt. entr } 

Buriaal.,% 121 ., Npt.lt.... 
Cabeza de Bondo, r 250 f. ... 
Mariuduque 1 ., % 8 1., Si 
pt ] 

— St. Andre, NW part. El... 

Pagvilao 1 ., 1 1 ., S and j 

W pt j 

Pt. IjOCoIoCO 

Mt. Labo. .sum. 33 f) 3 f. 

I. Verde, 5 m, NE pt 

Batangas, town, r 

Pt. Natoeo 

Maricaban I., EW 21 ., rfs. 1 
E and W pts., W sum... j 
Maestre de Campo I.,[l l.J \ 

N pt ) 

Dos llerrnanos, 2 , E. I 

Banton 1 ., [1 1 ] NE pt 

Bantoncillo I., [Jm.] 

Simara I., [ 2 m. J N end 

Tablas 1 ., NS ab. 121 ., N | 
pt. h f 

— P. Loog Town, 03 

Sibuyan I., % 5 1 ., pk. vis. | 

15 1., Pt. Cavit ( 

Cresta del Gallo I., [Im.] S. 


S* Batag I., NS 5 m. N pt 

I Samar I., ^421 

c§ — Port Palapa, E pt. entr.... 

— Borongan, town 

— S and E extr 

— Maiiicaiii 1 ., [1 1 .] Sj>t.... 


123 15 
123 7*5 


121 25 
> 121 18 

•5121 5 

121 3 

121 I 


121 56-5 

122 ^ 6 


12 40 122 7 

12 16 121 57*5 

12 16 122 38*7 

12 II'5 T22 42 s 
12 43 125 5 

12 41*2 125 O 

1 1 40-5 125 23 
10 56 125 SA 

10 58 125 40 5 
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I liUt. N i Loii. E 


Pt. Alipata O i 

Parasan, % 4 1., N and W I ^ 

Sibugay I., N end, [11-] ... i 

I. tie ia Mesa, [1 1.] SW | ^ 

end J 

BMiran, % 7 1., NW pt i 

Carna.sa I., small j 

1 . del Gato, rk i 

Tagapula, Gm., E pt j 

Los Naranjos Is., [2 l.J E ) 

lim j 

^ Capvil, % 7m., N pt 

Leyte 1., % ‘M 1., Gigan- | 
tangan islet, ofF NW pt. ( 

_ Port Piilompnn, town 

Catnotes Is.. NW one, Talong 

Ylongos, town 

— S pt 

Limasana L, off do., S end... 

Panaon I., 8 pt 

Bohol. EW 1.. SE pt 

— We.st point, or Pt. Guljo 

^ Zebu, ?>.) 1., S-extr 

— Zebu town, ($1. tort 

5? - NE.or Bidalaqni Pr 

E .Sirpiijor, 3 .]^ 7 1., Pt. Minalidan 
« Negros I., - 7 }'- .38 1 ., S pt. | 

” or Pt. Sijiton f 

Oi — Pt. Sojoton, J 

— North Pt 

Litingon bk., |' 1 .^in.j 

” Panay 7 ,p- 32 I , S pt., h, 1, | 

.Turajarao i.slet olF 1 

S. Jose 

Nalupapt rf 

-Manigiiin .; 

1^ Pt. Pncio 

I Borocay I , off N pt 

^ Sibay I.sland, W pt 

Yloy’lo, fllilo Hilo), [$], r ... 

— Port Bataiig, EH, entr 

Olntaya Lk-t 

Zapato Mayor 

.Hntotolo 1 .. [1 V.] 

Pt. Bulacaui 

Gigantes Is,, [2 1.], outer ... 

(kilebri Islet 

- Baliguian Islet 

Doon I O 

, C^alangaman I., at E extr. j 
of a rf ( 

I Suluan, [ 11 .] 

j , .Malhon 1., [4 I,], E pt 

Dinagat I., Pt. Desolation, 1 

I ^ N pt ) 

Gibusoii I., N pt 

s Siargao I., N pt. a rf. NE ... 

P. Sibonga entr., ® 

P. Surigao, town 

Bilaa Pt., N extr. of Min- ( 
danao 1 

Pt. Cauit 

Catul, town O 


Pt. Pusan 

C. St. Augustin, or Pan- 


Pal ma.s I 

K Siraiigani 1., NS 4 1., \v', 

b, hill, S end 

S extr., or Pt. Sarangani, 

VIS. 12 1 ., J 

Volcano 


iPollock Cove, 33, w, P,, fort 
IBongo I., 5m., SW pt. ... 

'rigutua 

Pt. Fleelia 

Oluntanga 1., S pt 

Cocos I., small, h 

Si;i. (buz Is., 2, E one 

Saniboangan, w, r. Gov. Ho. ) 

It. E red ) 

Caldera Port 

Pt. Balasonan, 

Murcielagos 1 

Pt. Siudaugan 

Pt. Blanca 

Aliqnay L. L j ^ 

."<111110 I.. J S 

Pi. Tagolo..’* 

Misamis town 

P(. Sulauang 

Cagayan, anchorage 

Pt. liagacav 

• Camiguin 1., [4 l.J, .51151’. | 

summit ) 

Golconda rf., r.^ 

Sultana Bank, -i] 

Cagayaiies Is., 5, /, (rf. ( 

N end) i 

Calusa, f3c.], f 

Anuling 1 

Cavclli I., 1 2 If., [tj, NE I 
extr j 

— Reefs, SW extr 

Jessie Bcazluy rf. 

Tool) Bat aha, shl., # 7 l.,\ 

rk. S extr j 

--- Shl. SW-d, S rk 

St. Michael’s I., Manuk 1 

Manuk an, 32f. J 

— Baiieawang, l‘23f. 

-- B.mcoraii, 140f 

Cagnan Sooloo Is. 3, J 
large one, A, !lt, rk. at >0 
entr. of cire. basin J 

— Kcenapoussan I 

— S extr., Moolegee Is.t T» 1 

5o i 

Mainhahenan.an 

'Palantam bk., 5 

Pearl Bank, ent 

Tawi Tawi, Bongola ^ 

Manuc Manea, S pt 

jSibutu I., N. pt 


1 

Lat. N 

Lon. E 


7° 14' 

126° 7' 

0 

6 17 

126 6 

0 

5 33 

126 25 

1 

1 

5 H 

125 25 

} 

s 31 

125 18 


5 44 

125 25 

0 

6 45 

124 00 

0 

7 12 

124 II 

rt 

7 21 

124 12*5 


7 18 

124 1 


7 46-5 

. '^3 27 . 


7 22 

123 24 




Borneo^ E. Coast. , Borneo, N.E. Coast. , , Soolop Is. 
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Doc- Can, W pt. 


N extr., Tevnga I., small, ^ 

t 

Sangboys Is , small, S end. 0 
Basilan I., EW 1 1 1., ;397()f.\ 
P^, Pt. Matanal^ / 

— Pasanlian, I^, vV, Malavi l 

L, VV pt 

Cocos ] O 

Sibago, h, E islet O 

Boobooan, E pt O 

Tapeantaim, small, pk O 

Belaw^aii, EW 4 1., 

.p^iipt /° 

Simisa O 

Sooloo, EW 12 1., h, town, 1 

\y, r, b, P^ J 

Soolaildie 1., E pt O 

Pat a, W end 

Kabingan Is., 2, /, ^ O 

Siassi Pk 

Simaluc Pk 

iSigboye passage, Danger- 

I ous pt J 

Banguey, pk, on NW part ... 

Bancowan I O 

Mallawallee I., [31.) O 

Pt. Soogoot O 

Sependong I O 

Lankuyun I O 

Libarran I 

ilagnan 1 

Saiidakan B., 3 w',, b, l 

entr. I j 

Pt. Kinabatangan 

Unsang Pt 

Pull) Ciaya, [1 1.] 

Si Ameel I 

Sipadan 1 

Ligitaii, Sandy I 

Sabanoon (mouth of R.) 

Bulungan, town 

Maratua 1., NS 5m., N pt 

Pantai R., mouth 

Bomige Is., [81.J, rfs 

Hariiig's Is., 2, [2m.], I ...O 
Pt. Kanneeoongan, y, (2 Is. f 
off', / 

Pamaroong I., NS 101., SI 
pt ) 

— E extr. do 

Passier R. entr 

Ragged Pt.y 1,1^, (shls 3 1.) O 
Shoal Pt., ly t 'y\nv. S.) ...O 

Grt. Pulo Laut, NS 181.,) ^ 

P„ NE pt f ® 

Two Brothers 



Lat. 

Lon. E 


II 9° 56' 

0 

5 59 

120 10 

1 

J 

6 77 

120 27 5 

0 

6 26 

120 43 

0 

6 41 

121 22 

0 

6 46 

lil 

0 

6 53 

I 2 I 37 


Lat. S. Lon. £ 


6 50 121 36 

6 38 122 19 

6 42 121 59 

6 44 122 15 

6 44 122 23 

6 22 122 o 

6 19 l «22 I 

6 8 121 52 

5 59 35 


5 51 12^0 47 

5 48 121 4 

5 40 121 5 

5 32 120 52 

5 267 120 1 5 

5 13 120 43 

7 19 !”7 9 

7 14 I117 20 
7 3 1 17 iS 

6 23 117 47 

6 49 117 35 


118 36 

119 13-5 
118 57 

1 18 49 
1 18 32 
118 28 
1 17 44 

1 17 20 

118 31 
1 17 49 

1 19 o 
119 o 


3 12 116 20 

4 20 116 13 


Dwaalder I., 

S. extr., Tanjong Salatan ... 

Banjar Ma.ssin, bar 

Tanjong Maletayo 

Sampit B., E Pt. entr 

Flat Pt., C. Vlakken 

Cotaringari R O 

SW pt., Tanjong Sambar ... 

Fox’s shl., 2 

Hector shl., i O 

Pulo Mancap, /, (S 4 1., W)... 
Rendezvous, or Kumpal, | 

4 1., w' W, S W. pt I 

Minto Hill 

Succadaiia, town O 

Mt. Marang, 2200f 

Laurot, or Little Pulo Laut | 
Is.[101.],SaridWextr. j 

— North Id., w, b 

Moresscs, larg. of 3 , 3 3in., ( 

pk. ) 

Two Brothers, /, f, 

Dwaalder, 

Royal G eorge shl. , ( 'J m . ] , 4 . . . 

Three alike, 4, vis. 51 

Sibbald's bk., ~g O 

Noe.sa Comba, I, shl. S end... 
Noesa Seras, 4 Is. vis. 7 1., I 

f I 

Pudsey Dawson 

■ Laurel shl 

Gt. Doongdoangan 

Callohiji Is., [31.] Rotterdam 

Meedenblik, or Edam 

Laers bk., Dewakan I. (shl. 1 

121., S-d) ) 

Tonyn I 

Landyukan 

Teignrnouth shl., W lim 

North Watcher 

, Kapo Posang 

A bank O 

Dry sand bk O 

Triangles, 3,(1 1.], N one,^ O 

Addington shl., 3 

llannali slil O 

Little Paternosters, 13 Is. . 
and bks., /., f , (S lira, f 
uncert. ; bks. N W 3 1.), ( 

NW Id., w / 

— North East I., w 

Laykeu Pt 

Tanakeka I., [4m.], f, N ) 

pt i 

North Brothers, flm.], N i 
one (an islet NW 3m.).., j 

Deer 1., (4«i.) 

Macassar, fort, N. bast 

Pt. Lera 

C. Maiidhar, A, y 

Lebany B., w'", N. Pt 


4® 14' 1 16® 10' 

4 10 114 42 

3 40 114 28 


3 3 » III 55 
2 55 III 23 

2 52 110 18 

3 30 no JO 
3 45 no 8 

3 5 110 15 

2 47 110 4 

2 15 no 6 

I 12 no 3 
I 15 109 31 

4 5 ^ 115 42 

440 11547 

4 22*5 115 5 ° 

4 19 116 12 

4 14 116 10 

4 13 116 16 

3 4c 116 39 

5 46 117 2 

5 20 117 4 

5 2 117 6 

441 117 3 

4 30 117 15 

5 H 117 56 

5 12 117 38 

5 o 117 5 ^ 


5 31 118 35 

4 59 119 ^ 

4 55 iiS 34 
4 33 119 1 ^ 

4 43 55 

3 30 117 43 

3 37 117 4 ^ 

3 I >17 53 

2 48 1 16 45 

2 17 i'i7 2 

a 8 1.17 3 

2 10 117 51 

5 37 |ii 9 25 

5 28 119 19 

5 26 119 1^ 

5 9 119 14 

5 8 2 119 21'^ 

4 3 ‘*9 3» 

3 35 54 

2 52 1 18 40 : 


Bovton /. I Celebes, E. Coast , Celebes, | Coast 
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C. William, h, (an Id. off) o 

Pt. Kait O 

Palos B., SEl, town 

C. Temoel, rf., W 5m., N ) 

pt ( 

South Watcher 

Seven Is., /, I. NW, j 
the North Watcher, vis. ) © 

5 1., II E ) 

C. Donda, (rf. NE lOm ), ] 

A. T ) ° 

C. Rivers, vis. 3U 1., outer ( 
of 2 islets off-, HOf., ^ f 

Pientyang I 

C. Candy 

Josina rls., liongkie I 

Mt. Saputan, 51)03f. 

Manado, Fort Amsterdam ... 

Mt. Klobat, 661) If 

Toua Manado 1., [3m.], \ 
sura. 15()0f. j 

— Nuiii I., [1 

.Sallee I., ^6ry., N pt 

Bauca, 7m., E pt 

Bcjaren L, [2 1.], sum 

C. Coffin 

Limbe I., 3 1., N pt 

Keina, w, r, fort 

Belang Town 

C. Fieska 

Goron Tato R., r, w, eutr. ... 

Parigy 

C. Tellogonda 

Una Una 1., N pt 

C. Aple O 

Grt. Waleah I., N end 

C. Talabo, h, E pt O 

Toko B., entr O 

Peling I., E pt O 

Bankulu I., S end C ' 

Nederburgh Pt., I 5m !. 

Sallabanka Is.,outer,or Low | 
Ambclie j 

Labenki I., [5m.]. E pt 

Mauui 1., [3 1.], h, N and I 

E l>t I 

Waiwongy, or Wowonv, 1., ( 

151-J, Kpt .* ] 

Pt. Nipa Nipa, N e.xtr 

Vosraaer, or Kendarie B., | 

fl. st j 

BoutonI.,-gj2.271., Npt. ... 

— East pt., I 

— South pt 

— Bouton town, fort, P, ... 

South I., S pt 

Cainbyna I., [5 1.], pk. | 

4000f. .....j 

Bassa I., / a 


South I 

2° 37' iiS^c/ 


1 47 124 43 

1 125 4 

I 48 125 9 


» 5S ’^3 3 

2 53 122 17 

3 6 122 33 

3 27 122 2*8 

3 35 «^3 

4 5 123 II 

3 54 122 37 

3 58 122 40 

4 23 123 4 

5 *5 *23 15 

5 42 122 48 

5 28 122 35 

5 43 «22 30 

5 *9 *2* 53 

4 55 121 30 


o 33 1 19 40 

0 58 120 15 

1 20-4 120 43*2 

I ig 121 3 

I 20 121 25 

I 5 122 57 

I 7 124 41 

I 30’4 124 46*5 
1 26 125 1 


4) Places 

Lat. S 

Palopa B 

»°S5' 

C. Dycnee 

3 18 

C. Patiro 

4 38 

Boni, city, 5m. inland 

4 30 

.Salaiiketa Pt 

4 50 

Boni rk 

i 5 15 

C. Lassa ' 

5 35 

.Sarontang 1 

5 38 

Salayer I., -[ 0 - 1.*^ 1., N pt 

5 47 

Whale rf., 2 ^ 

6 4 

Rode Coniha, ww , fl. st. .. 

5 33’7 

Mansfield shl., 4 } 

5 45 

Bonthian Mtn 

5 21 

Tnratte Pt., h, over C. I 
Laykan j 

5 37 

Button 

5 54 

Pulo Babi, EW 3m., Wpt.... 

5 48-5 


Bantam, fl. st 

Mt. Karang, 601 If. 
Pontang Pt 


Hoorn Is., FiW 4m , rk. I 

W-d \ 

Batavia, Ous. 4 0‘', ) 

G.M.T 7'* 7‘“ 20* ] 

Karawang Pt.. 

Mt. Salak, 9.322f. 

Tanj. Sedarie, f NW lim. ... 
Sedarie rf., [3m.], 3 , || S ... 

Pamanoukan Pt 

Imlramayu Pt., f, E ) 

extr ) 

Chermaier, or Cheribon, fl. i 

/ 

— Pk., 8730f 

Mt. Tegal, 9G84r 

Kappang slil., [2m. ] 3 

Mt. Soumbing. 9608f 

^ Samarang, fl. st 

^ Po. Panjang, [],m.] , (W-d. i 

^ of Japara > j 

Mandalike L, small, j 

Rembang, 11. st 

S Le.raiig Pt 

Anwer Pt 

Panka Pt., /, fl. st 

Sourabaya, citadel 

— Passarouan, 11. st 

Madura, EW 29 1., NW, or { 

Wodong C j 

— Ea^t pt 

— Soumenap 

Gallon L, [3m.], mid 

Panjang 1., [Im.J 

Hog L, or Sapoudi, ^9in., I 

E pt ( 

Po. Karnoudi, Est. of this I 

grp., small j j 

Besuki, fl. st 

Pt. Tchina 

C. Sedano, (4480f,) pt 

Mt. Kendang, 14,750f. 

Fort Banjoewangie 

Tanj. Slokko, E pt. of Java... 


6 1*7 ic6 8*7 

6 14*5 106 o’7 

5 57 16 

5 47-7 106 28 


I 6 7*6 106 48 

5 57 107 1-2 

.... 6 40 106 42 

... 5 59 »07 23 

... 5 52 107 24 

.... 6 12 107 45 

^ I 612 108 19 


7 44 113 4C 
7 37 i«4 4 

7 49 ”4 27 

8 3 1 14 14 

8 12 8 114 22*5 
8 41*5 I . 14 36 
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Lat. S Lon. E 


South pt. of Java 

Nusa Baron I., EW » 

-L, S pt ) 

Serniru, Mt., 12,140f. 

Anljuno, Mt., 10,320f. 

Sempo I., EW r)m., S pt. ... 

. Segoro Wedji 13., W 4^, 7 ... 

a Skel rk 

Patchitan 13., W pt., entr. ... 
^ Nusa Camban'^an, l 
^ E pt. , at entr. of inlet of [ 

^ Tehilacduip ) 

^ C. Santjanfj; 

C. Anjol, or Wine-eooper’s | 

Pt j 

Sand Bay. 12 

Po. Tindjil, or Trouwers 1., ( 

-6^- 4m , S pt j 

Klapp,orCo<‘oa-nut 1., EW | 

3m., rka. W'^ pt j 

Pt. Sangian Sira. (SE-d. of 1 
Paleinbang Pt., rks., SE). - 

' T ! 

W’^oerden Castle, rk. , or Pa- ] 
inanoukan, (slil. 2 -p 3m.) 1 
Pulo Racket, Boompjes, ) 

« CUm.] ! 

Hastings rk.. 2 

Q Carirnon ( (’rim on ) Java Is., 1 
§ EW' 131.,w.b,W'extr.. 

^ or Katang rk 1 

^ — N e.xtr., Po., Parang, } 

S 4m., N pt ) 

a — Crimon I., % 5m., SW'' { 

oi ])t.. H. st ) 

^ Bawean 12in., 2000f., ) 

w, r, N l-t I 

I Arrogant rk., [dm.], j 

. Rosalie rk 

^ Grt. Solombo, (im., T, | 

flat hill . ) 

Little Solombo, [3m.], I, ^... 
Arentes. [3m.] N end 

Karang Takat, grp. Is. and ] 

rks.^-e|;y 4 1., W pt i 

Kangeang, -I77 9 1. , NW pt.... 
- PanJiang, EW 3 1., E pt. | 

(rks. (5ff) [ 

Urck. [2m. j, Id 

Belli quciix Rf. ^ 

Turkey, or Kalkoun Is., and ) 
shls., N danger about ... j 
Hastings 1., I 

Paternoster Is., NW Pat. ] 

(rks. 2 1.) i 

N. E. Paternoster 

Maria Reigersbergen Bks. ... 


;Bally, % 23 1., h. pk. on | 

1 E part. 10,080f j 

IBadong B. Kotta town ... 
|C. Tafel, S pt 


8^48*5 ii4'^27^ 

8 32 113 18 

8 8 112 55 

7 46 112 34 

8 30 112 42 

8 19 111 43 

8 24 III 42 
816 III 5 

7 45 >09 4 

7 43 i<^7 4^ 

7 25 106 26 

7 1 1 ic6 26 
7 o 105 46 

7 * '05 30 

6 52 105 13*5 

6 o 107 53 

5 54 »o8 19*5 

6 7 |ii2 30 

I 

5 50 I no 3 


7 27 1 17 6 

633 I 18 16 

7 53 i«7 6 

8 21 115 27 

8 42-3 115 19 
851 1 1 5 6 


iLombock, ^ 23 1., Twins at ) 
NEpt., /, Eone ... ) 

— Peak on NE part, ll,28()f. 

— Bally vill.. w 

Sumbawa, EW 51 1., SW | 

pt i 

— Sumbawa. town 

Flat I., [1 1.], E end 

Pulo Mavo, -^1^ 1 1., h, N pt. 

Setonda I 

Mt. Tumbora. 9010f., volcano 

Doro Naci Pt 

Biina Bay town 

Sangeaug 1., 2010f, , pk 

East or Dyati Pt 

. Banta L, [2. 1.], j, pk 

l(‘iigaiii I., E. })t 

Komodo, or Mangarei, NS, [ 

7 1.. //. 1, pk j 

Postilion h.. ±1-^ 12 1., /, t. | 

J, N island ) 

— K extr 

.Satonbielo L, small 

Brill shl. [4m.], j, p>, S[ 

pt ) 

Mamalak 1., small, rfs. H E 

Roe.ssa I., 2 S pt 

Vesuvius rk 

Ojampea L, -^7 5 1. (Kam- j 
barraghie B. SE side, 4^', > 

w') S pt ) 

Kabio 1., EW G I., rks.,i 
" VV-d. 2 1., P,, W. pt. ...J 
Boneruto I., 4m., (I| W, | 

UKpt )• 

! Mjiriaiine shoal (1820),) 

; [2 1] ( ° 

; Madcie 1., 2 1., W pt. \ 

r.l T ) 

Kabia or Perch 1 

Post-horse Id. (Kobona) 
Bangalore rf. ( 1802), [3ra] O 
.\ngeliea rf., [ Irn.] 

Rusa Raji, |1 S, 3()00f. ... 
; Rii.sa Lingiiete, I'iOOf., (rf. ) 


8°i6' ii6°47' 

823 1 16 29 

8 42-5 1 16 36 

9 2 ii6 45 


8 26 118 


V/ 

6 42 120 25 

7 8 120 23 

7 8 120 40 

715 120 47 

7 18 121 5 

7 33 *0 

7 29 39 

6 56 122 15 


Ilegadis S end 

— Token Bessys, S lim., Bi- ) 

nonko. E |)t j 

Kaka Rf. 

- N limit, Wangy Wangy, | 

vi.s. 7 1., sum j 

St. Matthew’s Is., 5 1., [ 

pt ) 

Velthoens,[5m.],/,^, N endo 

Koka .shl..^ or New rk 

Goonung Api, vole., vis. 15 1. 
Luceparas,or Liu;apin,5 Is., ) 

[4 1.], /, r, N Id j 

Turtle I.s.,3, [4 or ) 

I, f , N Id :. ( ^ 

09 Flores, EW 671.,SWextr. O 
I Tower I. EW 1 1., 1200f. ... 
^ Api Hd. (Ende B SW pt. 


6 9 122 40 

6 17 124 o 

6 22 124 2, 

5 15 1^3 35 


6 43 126 42 

5 28 

5 20 127 47 



Banda Seq, | S. part 1 ‘ linwr 
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MARITIME POSITIONS 


7) Places 

Lat. S 

Lon. E 

Lobetobie, volcano, 7200f. ... 

8° 3 5' 

122*48^ 

Flores Head, or Iron Cape, ( 
A, 1, N pU, Id j 

8 4 

122 52 

Kambing, S entr. Flores strt. 

8 39 

122 51 i 

Adenai'a, 12 1., town 

8 

123 7 

Solor, 9 1., 8 pt., islets off' 

8 36 

122 52 

Po. Comba, [2rn.J, A, 7 

7 47 

*23 34 

Lomhlem, 4]- 12 1., E pt., | 

1. G'., 7 i’ 

8 14 

123 54 

— Mt. Lamararap 

8 33 

‘^3 *3 

Pantar. Bahi 1., off SW pt. 

8 :S 

123 52 

— North East pt 

8 i c. 

’-4 '4 


Ombay, EW 17 1., SW pt. ... 

— Ea.st point, 7 C 

Timor. 85 1., SW or Oy- ( 

sina ])r. ) 

Coupantif, fort Concordia 

Wedge 

Sutranha, ^ 18 

Gula I., small 

Lilou, r, \v 

Gedeb, w, b 

Dilbi, town, r, fl. st 

E pt., 10, Po. Jackee, or | 

Nu-sa Bessie, off ^ 

Kalaeko, town 

Noininie, town, 

Semao, 5 {., 8 pt 

Rotti, 14 l.jvis. 121.. Bok- j 
kai H. on .SE *side, w, r j 

— Puk) Dana, off S pt 

Pulo Douw ^ 4m. /, N emi 
Savu, EW 7 1., W ptV, I 

— East pt., / , (rks off) 

Ranjoan, EW 7in., SW pt., / 
Dana, or New I., [11.],^ 

S part j 

Sandalwood I., ^ 24 l.,W, j 
or Bluff’ Pt., (rk.s.) ... j 

— NW pt 

— Paddeway B., [5m.], | 

JO, r, Arif town ... j 

— East point, C. Mandyeli 

— C. Blaekwood i 

Carabing. or Passage I., ^ M 

4 1., A, S pk. I 

Babi I., sum O 

Wetta, 19 1., Honden I., j i 
off NW pt I 

— Sau town, on SE side, 4?... 
Ki.ssa I., [3 1.], Pura land- I 

ing-place 1 

Roma, [3 1.], A, 8 pt 

Letti 1., [3 I.], A, t, Churcli 
Moa, % 6 1., ct E, Buffalo i I 

pk., 4l00f S 

Lakor, [3 1.1, /, E end 

Louan, [1 1.], A, P' O 

Sermattan, [5 1.], E pt. ...O 
Dammer Is., S one O 

— Large one, NS 5 1., Koole - } 

wattehar.onEside.entr. ^ 
Taouw, [3 1.], II, NEK...0 
Nila, [3 l.],vi8. 61. sum’....0 
Seroua, 2 Is., [3 1.] 


8 :-.S *1-^4 »7 


lo 3s 

0 3-. I'-l 4<^ 

9 2-. Ji;4 5 

9 14 124 o 

9 10 124 2.5 

8 5" 124 5«; 

a 33 J25 36*2 

8 25 127 18 

9 6 126 8 

JO 2 124 38 

10 19 123 21 

10 49 123 J 5 


to 3:1 

121 41 

10 27 ; 

122 0 

.0 37 J 

121 31 

1 0 49 1 

1 

121 16 

9 4^ i 

1 19 0 

9 j 

119 17 

9 3/ i 

120 18 

10 6 

J 20 51 

JO I 9 -r 

120 29 7 

8 18 

»^5 35 

8 6 

125 47 

7 4 » 

126 0 

7 56 

iizb 23 

8 67 

127 85 

7 44 - 

127 2S 

S IO’2 

127 

8 jz 

,•28 2 

8 14 

128 13 

8 12 

il8 39 

8 15 

129 I 

7 20 

128 18 

7 4 . 

128 30 

6 52 

129 10 

6 43 

129 29 

6 20 

130 0 


Bird I., or Po. Manou, A 

Wetang, ^ E.-. 

Baba, A, w, P^, ^ E., 8 pt. ... 

Mase.lla 

Teniinber Is., Hg ; large j 
one, or Timor Laut, J G 
34 I., 8 and W end ) 
We.«it liin.. Woody I,, small 
— Oleliet vill., 4l3f., w, | 

i’,. « pt ( 

Laarat, % 6 1., i| N, E pt. ... 
Vordate, 2 1., NE pt. O 

Serra I., W lim 

N extr., Mulu I 

Arm Is., NS 35 1., I, ¥, r, \ 

— P,, S extr ( 

— West limit 

— Po. Babi, sjuall 

^ — NW extr., Wassia 

't; — N extr O 

- Dobbo barb., 1^, Pt 

Tirandie Is., N lim O 

Grt. Ki I., .p, 15 1.^ I 

300Uf., N pt J 

^ — Eastpt 

— South and West pt 

Little Ki I., I, N pt 

— Ki J Ionian, vill., 7, \v, r, ) 
b, 3m. N) I 

Nusa Tello Is., (impci'fectly 
known) 

_ — 8 limit ? 

.5 — West limit } 

g Little Fortune I O 

Toppers Hoodjie I O 

Tehor, or Taw 

Bare 1 

^ Matabella Is., 2 groups, jj, | 

^ grt I 

Manovolko I., A, pk 

Salawaltie 1., S end O 

Goram 1., [3 1.], NE pt 

Banda Is., 5, W., or Po. ] 

^ Run J 

13 — NW one, or Swanji 

^ — Goonung Api, [2m. J, Hi, 1 

vole. 2000f. ) 

— Banda, 6m., fort Belgiea 
“ — East one, Rosingyn O 

Bouro I.,% 27 1., NW pt., 7 

o — Mt. Tumahu, 8530f 

g Cajeli B., r‘ yy*, b, fort 1 

CQ Defence j 

East point, or Pt. Pela 

South Pt., or Baton Pekka... 
Ainbluw 1.. [2 1.], NE pt. ... 
Manipa I., A, (rk. l.lm. W), [ 

E pt 1 

Kelang, A, II W, W pt 

Bonoa, A. 1. 8W pt 

g Ceram, 50 1., Pi Seeal ... 

? - Sawaai llarl> 

^ Wahaay Harb., vill., w'", 1 
r, b, fort ) 


Lat. S Lon. E 

5° 29' 130° o' 

7 so 129 29 

8 2 129 43 

8 8 129 44 

8 20 130 43 

8 17 130 40 

7 55 '31 ^ 3’5 


5 3 ^ 13’ .58 
S 40 13* 35 
5 3 13 ^ 6 
5 6 132 JO 

4 50 * 3 * 45 

4 34 ‘S* 50 

4 30 M* 44 
4 II 131 30 
4 4 131 (8 

3 56 131 29 


4 35 

129 38 

4 26 

129 40 

4 31 

J29 t;3 

4 3 > 

129 S1- 

4 34 

J29 58 

3 7 

J26 5 

3 14 

J 26 0 

3 22 S 

127 6*5 

3 24 

127 16 

3 54 

126 37 

3 5 ^ 

(27 17 

3 *9 

127 40 

3 12 

J27 40 

3 3 

J27 51 

3 33 

127 55 

3 0 

129 12 

^ 4 V 5 

129 30 
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MARITIME POSITIONS. 


Lsit. Lon. E 


Flat Pt 

Lama Pt 

Leuwarden shl., [2m.], rks 

Waroo B., w, r 

Po. Parang, or Leuwarden I. I 

Spt [ 

Po. Maderong, small 

Great Keffing I., E pt O 

Ceram Laut, (W.I. of grp.) O 

— East eatr. of grp O 

Amboina I., ^ 11 1., SW, 1 

or Alang Pt., j f 

Amboina City, fort Victoria .. 

Noessaniva Pt., j 

_ Haruku I., ^ 8m., SW pt. ) 

^ Islet j 

.§ Saparooa I., ^ 11m., N pt.... 
^ Noesa Laut, 7m., E pt.... 

Bohoy L, [6 1] E pt O 

Hammond's I., [31.], S pt.... 

Xulla Talyabo, EW 18 1., [ 

. SW pt., Haycock I j 

Xulla Mangola, 16 1., EW I 

Ha W, E pt } 

■g Vesuvius B., t 

^ Lissa Matula, EW 31., SE 1 

pt I 

Xulla Bessey, NS 10 1., SI 
and E pt., vis. 121 ) 

Oby Latta, [2 1.], S pt 

- Gomona, 850f., W pt 

Po. Gasses, [5m.], j, rks. | 

SE, S pt ] 

^ Typa I., NW pt 

§ Maya, mid 

3 Oby Major, % 19 1., E pt. .. 
Lookisong I., 3 1., S pt 

KckikI.,A ". 

Lawn I., h 

Po. Pisang, vis. 11 1 

Grosvenor Shl., [4m.], j»f. .. 

Boo Is., P, Eend ....O 

Po. Popa, EW 51., P, SE[ 

pt ) 

Grand Kanary, w, E pt., ) 

NW pt ( 

Mysole, EW 14 1., W pt 

Black rks., E end 


iGilolo, %671., SE, or Co- ) 

coanut Pt j 

Weda Is.. [dl,j, E lira. ...O 
J Po. Sinam 

Joyi, [5m.], S pt 

I Geby. % 7 1., Fohou I., on i 
SW side, w, r ] 

— North-West pt 

‘ Shampee Is., 3 or 4, NS 3 1. 

Canton Packet shi., If. 

Catherine Is., 3, I 

Ardasfier Islet 

, Aurora bk., a f. 

Weda, 


Dilegisa Pt 

Po. Moar, "P, /, Ho 

C. Tabo, or Jabo, in-. 1 

Po. England, N pt 

Wossa, village, w, r, b 

Pt. Monat 

Pt. Wnigamele. (rks. 11.) 

Pt. Salaway, (rks. 11.) 

Pt. Taleb(» 

Watering-place, W of Galeta I 

pt j 

North Cape O 

Riow, [2 1.] mid 

Morty, ^2- 21 1., N pt., (rf.) | 

South-East pt., (rf. off) ... 

Tnlenading Is., N one 

Dyilolo, town 

Ternate, -4}'’' Cm., sum. 5480f. 
— Fort Orange, on E side ... 
Tidore, [2 1.], sum. 5700f. ... 

‘ Pottbakker L, [2m. j 

Motir, [31.]. sum 

Wolffk 

Matchian, [5 m.], sum 

Latta Is., Grt., [5m ], sum .. 
Grt. Tawally, # 7 1., SW [ 

j pt. Id \ 

Batchian,^ 171., A, Selang [ 
I., (mid. of S coast) I 

- — Fort Barneviddt 

Tyfore, summit 

^^eyo, N pt 

Bcjaren, sum 

Tagolanda, S pt 

Passig I., W of the grp 

Siao, pk. vis. 201., SE pt. ... 

Makaiara I 

Rabbit Is O 

Karakita, or Passage Is., ( 

II N, N extr ) 

.Sanguir, ^ 8 1., 4? W side, i 

w, r j 

— North pt 

Louisa shl 

- Haycock 

^ .Saddle I 

. Kalingal I 

^ Ariaga I 

; Glattons rk 

’ Iphigenia rks 

t Salibabos Is., NS 15 1., Tu- ) 

; lourI.;NS101.,rf8.N., V 

: N pt. j 

t — Leron Harb., SE. w, ) 

? r, P' ] 

— Salibabo I., % 4 1., S pt. 
— Kabruang, % 3 1., S pt .. 
Northumberland shl., [2m .], } 

II N, Islet ( 

Meangi^ Is., (imperf. known) 
Haycock O 


Lat. ' 

Lon. E 

North 


o®i5' 

128^25' 

0 9 

128 52 

0 10 

128 51 

0 42 

128 31 

0 37 

128 22 

I 2 

128 25 

> 5 

128 40 

1 27 

128 37 

> 4 

127 17 

I 48 

>27 55 

2 20 

128 15 

2 32 

128 20 

2 44 

128 25 

2 4 

128 42 


127 35*5 
35 

127 18 j 
) 127 i 9'5 


o 54 127 40 1 

0 37 127 26 

North 

1 o 126 8 

1 21-1 126 21-7 

a 7 125 25 

2 20 125 30 

2 22 125 24 

2 44 125 27 

z 43 125 15 


3 28 125 44 

3 46 125 44 

4 o *25 35 
4 x8 125 23 

4 43 *25 25 

5 o 125 46* 

4 50 126 25 

4 50 126 4 

4 10 126 23 

4 28 126 55 


3 51 126 52 

3 47 >27 ° 

3 35 >27 2 
5 o ia6 42 
5 36 126 40 



TABLK 10 


547 


MARITIME POSITIONS 


(91) 


Places 


Ljic. j Lon. E j (92) 


Plaires 


Eye I , [Jm.] 

Syang, [3ra.], /, w, W pt. .... 
Wyang, orVayag Is., % 0 1., ) 
NWextr.jLaborde Islet ) 

— SE extr., Labiche I., j 

[Im.], ( fks. SE j j 

Een, or Ine, Is., EW 4m., ) 

E pt - ) 

Ormsbee shL, 12 , t N, N pt. 

Buddl., /, f <D 

Aiou Is., about 20 small, /, ) 

5, rfs. J, NEst j 

Aiou Baba, [.'Im.] 

Asia Is , 3, /, SW and smallest 

Po. Manouran, [2»r..], 1| S, w 

BucclK.igh sill., [3m.], 4 ?, ^.. 
Waigeou, EW221., SEj 
pt., or Pt. Pigott ... i ® 

— NE pt., or C. Lamarche... 

— BomI.,[fm.],ffiSW-d. I 

N pt j 

— Otfak harb., ffi 4 W, entr j 

— NW pt., C. Forrest 

Shoel., 

Buttons, [Irn.] 1 

Shaggy rka., [im ] 

Clump I., [Im.] 

Roiiib, NS 6m., mid 

Balabalak, [2m.], W pt 

Pigeon I., 4^, W pt 

Gagy, or Gag, [Tin.], N pt... 
Buttant^, EW IT) 1., W pr. | 

C. Mabo i 

Salawatty, 10 1., W pt 

Amsterdam, and Midtlcl- . 
burgh, [Im.], /, || .".j 3 q. , 

b, SE «tr. I 

Brebes Pt., or C. WiLsoii... O 

Phreshold Pt O 

C. Spencer, or Foul Pt , ( 

(rfs. 2m.) i 

Saylee, or Sabelo Pt 

W. Brother, or Pinion I 

Po. Boulang, S pt 

Pesanda Is., Po. Sabuda, ) 

SW pt ) 

Mac Cluer’s Inlet, Head, or ) 

K Urn. of the bay j 

Freshwater B 

C. Sapey, (sum. 3020f.), W ( 

pt i 

Island, C. Kalomun, A, (sum. ) 

E 2m., 3940f.) ) 

Po. Adi, or Wessels, ^{g- 8 1, | 

W pt \ 

Birdl., Qm] 

Wamoukou R., mouth O 

Lamanehiri hill, NW sum. ( 

3225f j 

Triton B., Fort Dubus 

Lukahia Mt, 4564f. 

A high sum. about 90v Of. .... 
C. Buro, vis. 10 1 


North 


0° 

22' 


5*' 

0 

20 

129 

49 

0 

1 1 

129 

57 

0 

5 

130 

10 

0 

7 

130 

14 t 

0 

41 

130 

0 

0 

^7 

130 

40 

0 

4 i 

*3* 

5 

u 

2 ' 

131 

0 

0 

S7 

* >i 

0 

0 

2 

130 

5 ^ 

South 



0 

*4 

131 

20 

0 

2 1 

131 

12*0 

0 

8 

131 

16 

0 

1-7131 

3 

0 

1-8 

130 

43 

0 

5 

130 

12 

0 

2 ii30 

23 

0 

> 

130 

‘9 

0 

I 

130 

13 

0 

5 

130 

8 

0 

2 

130 

5 

0 

2 

130 

I 

0 

39*7 

130 

34*? 

0 

20 

129 

53 

0 


I 30 

25 

0 

59 

130 

35 

0 

20 ’: 

132 

9*0 

0 

35 

132 

0 

0 

50 



0 

*^3 

131 

12 

1 

27 

130 

46 

1 

45 

{ 3 » 

0 

2 

2 

131 

5 ^ 

2 

35 

1 31 

28 

2 

26 

‘33 

40 

2 


‘32 

0 

3 

37 

132 

37 

3 

59 


44 

4 

9 

‘33 

*4 

4 

J9 

«33 

28 

4 

40 

136 

10 

3 

46 

134 

3 

3 

47 

134 

4 

4 

*3 

134 

5 ^ 

4 

9 

ibS 

33 

4 

30 

‘35 

9 


Donrga Strait, E pt 

C. Valsche, (W pt. of Frede- ) 
riek Henry I , 36 1.).. ) 

St. Bartholomew 1 

Deliverance I., small, rfs....O 

C. Deliverance 

iMt. Cornwallis, vis. 01. ..C 

Brothers, 2 hills, h 

I Warrior I , [l^in.], at S pt. ) 

Bristow I., [5m.], /, ■p, SE pt 
Risk Pt., f 130f., W pt. 1 

I entr, of riv., P, j 

lAird Hill, 1260f. 

I Blackwood Pt., /, P 

I Woody Hill 

C. Cupol.i 

jMt. Victoria, 10 1. inland... 

;C. Possession 

Port Morcsl)y, .Jam* I.... 


; l.al. 

Lon. E 

1 

i 4^43' 

1 36° 2 3' 

1 4 32 

136 13 

7 22 

'38 55 

8 22 

137 40 

8 10 

‘39 ‘5 

9 33 

141 47 

9 20 

14 1 44 

9 2^7 

‘4^ 35 

9 45 

142 40 

9 48 

142 58 

9 9 

‘43 ‘4 

7 49 

144 16 

7 28 

144 22 

7 52 

‘44 3^ 

7 51 

‘45 27 

7 59 

‘45 52 

8 Q 

146 50 


8 36 146 23 


iC. Hood ! 10 8 


9 ^5 S>i47 ^ 


|S and E pt., (J. Rodney, pt.. 

INW Cape, I, sandy, N pt. .. 

j Pt. Cloates 

j C. Fanjuhur, sand, I 

|C Cuvier, rky., 1 

•Sharks’ B., C. Lesueur 

I Bernier I., 4 1., Koks Id. , 

[ ott N pt ) 

j Dorrel., .j 6 1., l,j, (Uam- ■ 

I pier’s rf. S 4m.), S pt. or * 

I C. St. Crieq ) 

'Dirk llartogs L, \ L*! I., | j 
L, N pt., or C. Inscription j ! 
j (Nat urali.sic Chan NofDo.)j 
Steep Pt., W e.vtr. of Aus- ( 

I tralia j 

Ganlheauine, Red Pt 


25 44 
*4 43 


25 


18 


25 31 


Houtinan rks., ^ 16 1., t'y ) 
wwp, b, r, North 1., J 
[!>•] ; ) 

— M allabi grp,. Evening rf., ) 

[ (Middle Channel S of! 

I do ), S pt ) 

I — North-Ea.st rf., [^m.] 

j — Easter grp., [3 1.], (Zee- 

! wvk Chan. S of do.;, 

I Rat I., N pt .^... 

Snapper bk., [2in ], g . ... 

— Pel.sart grp., EW 4 1., | 

SW part, Meek Pt. ... j 

Mt. Fairfa.x, 582f 

Wizard Pk., 640f 

Champion 13 , Moore Pt 

Mt IVron, (il 1. inland) 

Mt Le.'^ueur, (do.) 

C. Lesehenhault 

Rottenest I., gf- 5.^01., It.) 

R I'" 197f. 1 

Swan R., Freemantle, ) 
Scott’s Jetty j 

— Penh, Gov. House 

Garden 1., % 5im., NW pt. 


28 18 


147 43 

148 23 

J14 3 

113 3J; 
113 36 
113 22 
1 13 26 

113 7 


113 1 

112 54 

J 12 57 

114 7 

113 36 


28 33 113 41 


113 50 


28 25 

28 42*5j"3 47’5 
28 


42 

59 

45 ' 4 | 

^9*7 

47*1 

7 

*3 

18 


3 a 0*31 

3^ Vli 

3> 5'’‘4 
32 8*9 


1 14 1 

58 

114 417 
114 47*0 

1 14 36*2 

115 9 ‘ 
115 10 
115 30 

115 31-2 

>*5 45-5 

ns 5^7 

IIS 40*5 
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TABLE 10 


MAlllTIME I’OSITIONS 


( 93 ) 


Places 


Lat. S j Lon. E 




Coventry rk 

Peel 

C. Bouvard 

Pt. Casuarina, w 

Australind 

Naturaliste, rf.» [4^.], of. 

C. Niituralisi^ 

Geographcrk 

C. Leeuwin, (rks. 21. out) ...I 

Ijow Black Pt 

Pt D’Entrecasteaux, 1, vis. 1 
101.,(Id.,/,rk.,%3m. S)) 

White topped rks 

C. Chatham, vis. 101., (Islets S), 

Pt. Nuyts, vis. 8 1 i 

W Cape Howe, 1 

Ellipse Is., [1 L] I 

Maude rf., ' 

Bald Ild, vis. 121., Spt I 

King George’s Sound, w, b, 
Princess llarb., New 

Govt, buildings 

Mt. Gardner, sum 

Baldl,,%3m.,(rk. S Im.) 1 

sura } 

Sealer’s ledge 

Haul off rk 

C. Knob, sura 

Pt. Hood, (Doubtful Is., 1 

3m. E-d.) J 

East Mt. Barren, vis. 14 1. ... 

Seals’ Is., (rks. N). / 

Rocky islets 

Esperance B., W pt., Ob- 

serv. I., small 

C. Le Gland, (islets off) ... 

Lucky B 

West grp , SWst L, [2m.], \ 

SWpt i 

SW, or outer danger 

Mondrain I., NS 3-1 m., vis. 1 

10 1., |3, S sum j 

S extr. of Archip., Termina- \ 
lion L, [Im.], vis. 9 1.. J 

(rks. NE‘) ) 

'Twin rks., [rfa. 2m., y] 

' Draper’s 1., [.jm.] 

ITwin pks., vis. 91., (pks. 1 

I #2m.) ) 

A break at times, SW one ... 

' Douglas Is., [lin ] 

Middle I., 4!^ 4m., b, w^, J 


32° 22' 

32 27 
3^ 34 

33 19 
33 »5 
33 *5 

33 3^ 

34 
34 

34 as 

34 52 

35 4 

35 a 
35 5 

35 9 
35 

35 J3 
35 7 

35 

35 o 

34 55 

35 10 
34 43 
34 3^ 
34 24 

33 57 

34 6 
34 5 
33 56 


”5 30 

115 44 
1 15 40 
115 40 
115 45 
55 

1 14 58 

114 54 

115 6 

115 29 

116 j 

116 13 

116 28 
it6 38 

117 40 
117 
117 


53 

56 


:34 


SW sura. 

}C. Arid, rky., SE pt 

C. Pasley. sum. l^in. iulimd . 

' Pt. Malcolm, 4, sandy, (rk. 1 

' 3m.), rk j 

SE Isles, 

Pollock 

Round I., small .". 

Eastern grp., NS 31., S extr, 

Pt. Culver, 1 

Pt. Dover 


34 o 
34 3 
34 
34 


2’ 1 1 7 51. 

ri8 8 
1 18 27 

118 27 

1 18 40 

119 14 

1 19 34 

119 59 

120 28 

120 53 

121 46 

122 4 
122 14 
121 34 
I12I 41 
|l22 14 


, [11]., mid. ... 

Om.], 




34 30 

34 24 
34 n 
34 I 
34 18 
34 

34 8 

34 I 
33 56 

33 48 

I34 

[34 34 

134 5 
33 5^ 
.I32 56 
■I3i 34 


58 

122 12 
122 30 

122 47 

122 53 

123 6 

123 8 

123 13 
123 28 

123 42 
I123 28 
(123 30 

1123 sO 

1124 4 
'124 39 

1125 30 


(94) 


Places 


Low Sandy Pt 

Hd. of Grt. Australian bight. . 
Nuyts rfs., outer detached,) 

[11.], nil j 

Pt. Fowler^/, cliffy, (rf. lin.) 

Casuarina rf. 

Pt. Bell, / 

Purdies Is., ^ 5m., w„, r^, 1 

8 extr j 

la. of St. Peter, SW pt 

Is. of St. Francis, NS 2 1., 1 

w,, Tq, N extr ) 

Franklin’s Is., 5m., SW pt. 

Pt. Brown 

Olive I., [l^m.], rfs. N 

C Bauer, 1, W pt 

PtWestall, 1 

C. Radstock, 1 

Pt. Wcyland, 1 

Waldgrave la.. Wst. extr 

Flinders I., 4]^ 7in., 

Ward’s Is 

Pearson s Is., NS 2 1., 2 pks., ) 

vis. 10 1., at N pt i 

Pt. Drummond, 1 .... 

Mt Greenly, 

Coffin’s B., Pt. Sir Isaac 

Pt. Whidbey 

Greenly Is., [1 1.], pk. 680f. 
Whidbey Is., [2 l.J, W grp., ) 

4 hummocks, S extr ) 

Beagle Isl. small, I 

1 ligh break at times 

C. Wiles, .1 

Ijiguunca I., .J''- 2m , rf. S-d. 

C Cata.strophe, S pt. 1 

William’s I., [Im.] 

Thistle I., 4 1., vis. 121.,) 

w,,, S pt j 

Low rks., II y S 

Neptune Is., I, S extr 

High Is., vis. 4 1 

Gambler’s I s.,S pt., peaked rks, 

Dangerous rf. 

C. Donnington 

Port Lincoln, w, church... 

Pt. Bolingbroke, /, 1 

Sir Jos. Banks grp., S extr., 1 

I Stickriey 1 ) 

NE extr., Reevesby I.,) 

! ^ 5m., N pt j 

Pt. Lowly 

Mt. Brown, ab. 3000f. 

Pt. Riley, 1 

Pt. Pearce 

, Corny Pt., /3 

Spencer, Sst. of 3 pts 

'Althorpe Is., small, h, S 1 

j one j 

|Troubri(lge It, 81f. 

i Milner, town 


Adelaide, to ^ n hall 


Lat S 

Lon. £ 

32'^22’ 

I 26 ° 28 ’ 

31 29 

* 3 * 7 

32 6 

132 6 

32 I 

132 27 

32 40 

132 56 

32 17 

*33 5 

32 22 

133 11 

32 22 

133 27 

32 32 

133 17 

32 32 

*33 35 

3 ^ 37 

*33 48 

3 * 45 

*33 53 

32 44 

*33 58 

32 52 

*33 59 

33 

*34 *5 

33 »4 

*34 3 ^ 

33 35 

*34 37 

33 45 

*34 !*4 

33 45 

*34 *5 

33 57 

*34 *3 

34 10 

*35 *3 

34 20 

*35 

34 26 

*35 *0 

34 36 

*35 4 

34 35 

*34 47 

34 47 

*35 0 

34 49 

*34 49 

34 SO 

*35 20 

34 57 

*35 38 

.35 0 

* 35 35 

35 0*5 

*35 56-5 

35 3 

*35 56 

35 6 

136 II 

35 

136 3 

3 5 ^o '5 

136 7 

3 5 

136 8 

35 

136 30 

34 48 

136 II 

34 44 

*35 59'5 

34 43'3 

*35 5*’5 

34 33 

136 4 

34 4 * 

136 14 

34 ^9 

136 18 

32 58 

137 49 

32 30 

138 1 

33 54 

*37 50 

34 18 

137 i* 

34 54 

137 0 

35 

136 55 

35 « 

136 54 

35 8 

*37 5*'5 

34 39 

138 32 

34 46 ’ 1 

8 138 31 

•’;34 56’: 

2 138 
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MARITIME POSITIONS 


(95) PUces 

“I MTXorty, ~ “ 

Glenelg, It. ho 

C. Jervis, h 

Kangaroo I., EW 28 1., N'l 

pt., Pt. Marsden / 

— Mt. Torrens, at NW 1 

part, vis. 40m j 

— W extr., C. Redout 

— C.Willoughhy,lt.Il 1 247f. 

Pelorus rk., 30f. 

Port Noarlunga, inner end \ 

of jetty J 

Port W illunga, inner end S. ') 

jetty / 

Port Victor, Harb. Master’s \ 

house... j' 

Murray R , mo., [Ic.], li . ... 

C. Beniouilli, /, sandy O 

C. Launes, rky 

_ W. Cape Banks, sandy 

Mt. Gurnbier 

C. Northumberland, i 

pointed rks. oIF j ^ 

C. Bridgewater, *1, bill, \ is | 

12 1 I 

C. Nelson, 1, S pt 

Percy I., [Irn.^,, i 

C. Otway, h, 1, It. 11. 30uf. 
Louttit bay, Mt. Saint i 

George .* ) 

Apollo bay, A, white beacon 
Port Phillip, Melbourne, | 
new observatory ... | ' ’ 

— Pt. Lonsdale. It. F 

;C. Schank, It. F. FI 

jPbillip I., % lOm., w,, \V | 

I pt., Pt. Grant j 

C. Liptrap, 1, pt 

Glennie is., NS 3m., -IbOf. | 

Sjt ) 

Cleft I 

S pt. of Australia, Wilson’s ( 

Promontory, 1 It. ho ) 

Mt. Wilson, 2350f. 

King I., NS 35m., N pt., | 

1 C. Wickham, It. F 280f. i 

— S Pt., /, C, Stoke.s < 

Harbinger rks.. 2, 2in., ) 

II 27, outer, or SW rk. ... j 
New Year Is., w, NW rk. ... 

A rock awash ? . 

Reid rks., [3m.], NW one,) 

' 25f. ) ’ 

Bell rf., Jm., S end ; 

Black Pyramid, 24 Of ^ 

Hunter and Albatross Is. 

; See (97) 3 

Cleft I., W of 2 Is., [2m.] ... 

Bedondo, rk., 1, 1130f 

jMoncoeur Js., small, E extr. . 

' Crocodile ik 3 

iCurtiaI.,[2m.],1060f.,(Su-l 

gar loaf., S 3m.) ) 3 

Devil Tower, 350f. ' 3 

Hogan I., [14m.], 430f. ; 3 

Judgment rk ' - 

Pyramid, 30bf. - 


Lon. K 

■p^42'S 
38 30-5 
38 9 


3^ 29 2. ^ 

38 39’2 
38 58 - 


KentIs.,3,-^64m.,SEone, ) 
or Deal I . , w, , b, S W end, * 

It. R. 1"' 880f. ) 

Wright rk,, small, 200f 

Endeavour rf., Beagle r£., \ 
and Craggy I., ^ 8m., S [ 

pt., or Craggy I ) 

Sisters, 2, 7!^ 7m., NE one, | 

sum. (>3bf. j 

Flinders’ I., 3Gm.. W 

pt. or C. Frankland ... ) 

— Streleski pks.,2,atSpart, | 

2550f. ( 

— Babel Is., oft’ E side, .sum 
Hummock L, ^ 6m., Low 1 

I.S. oflT S pt ) 

Goose I., riain.], w S pt. 1 

It. F 1.3.5f / 

Barren 1., EW 23m., Mt. j 
Munro, on NW part.* 

2300f. 'i 

Preservation I., pk 

> larke 1., 8ni.. S pt 

Look-out rk., (SW of do.) ... 
Moriarty bk., SE pt 

|c. Grim, I, bik 

j We.st Pt., sandy 


*^5 7 

45 56 i| 
46 15’5 

46 20 

46 z5-il 

46 24- 5 5 
43 57 ‘I 

» A) 

43 56 q 

t ^ 

43 5^ ^ 

43 49 

43 4i 

44 *0 


Mt. Heemskerk, vis. 101. ., 
■Macquarrie llarb., IS, bar) 

! 5f., T, w, r, entr. I j 

C. Sorcll, C rky. pt 

■ ' Pt. Hibbs, A 2in 

I Rocky Pt. , a rf. 

1 Mt. de Witt, vis. 121 

Port Davey, w, h|J!*yra- 1 

midal rk., entr ( 

Siigarioaf rks 

South-west C., lOOOf., 1 

. South C 

Maatsuyker Is., 7m., \ 

j SW, or Needle rk J 

;Mewstone, rugged, || N... 
j Pedra Blanca, (Eddystone ) 

I Ini. E),_|lo j 

;Sidmou^rk., [4c.] 

I Rurick rk 

'Recherche B., 2®, w, b, ) 
S port j 


Actjfion rf 

Bruny, Id.. -5}^ 9 1., S pt., or \ 
Tasman’s lld.,1, (Islets, > 
2 Friars, SW) ) 

— SW pt., or C. Bruny It., ( 

R l'« 339f. ) 

— Fluted Cape 

Hobarton, 93, fort Mul- ) 

grave j ^ 

Storm B., C. Raoul. 

Port Arthur, w, r, Se- ) 

j inapbore / 

C. Pillar, 1, Tasman’s L, off") 

i do., vis. 121 j 

! Hippolitc rk., 70f. 


h, 

It. S 

Lon. E 

39 

'30' 



39 

35 

*47 

34 

39 

41 

*47 

42 

39 

39 

148 

J 

39 

sa 

*47 

46 

40 

12 

14$ 

6 

■ 39 

57 

148 

22 

40 

7 

*47 

44*5 

40 

19 

*47 

49 

40 

22*4 

148 

7*5 

40 

29 

148 

4 

40 

35 

148 

10 

40 

33 

148 

7*5 

40 

30 

148 

*7 

40 

40 

*44 

40"; 

40 

57 

*44 

38 

41 

28 

*44 

57 

41 

54 

*45 

10 

42 

1 1*6 

■45 

*3*5 

42 

IT 

*45 

10 

42 

38 

*45 

*5 

43 

0 

*45 

30 

43 

10 

*45 

50 

43 

20 

*45 

55 

43 

25 

*45 

56 

43 

35 

146 

I 

43 

39 

146 

S3 

43 

41 

146 

11 

43 

44'5| 

146 

23 

43 

5.-5; 

146 

59*5 

43 

47'5i 

*47 

7 

43 

59 1 

*47 

42 

43 

” 1 

146 

54 

43 

14 i 

•47 

5 

43 

34 

146 

59 

43 

31 

147 

19*2 

43 

28*7 

*47 

8 

43 

22 

*47 

24 

42 

53-5 

*47 

21*2 

43 

13 

*47 

47 

43 

91 

*47 

50*7 

43 

*4 

148 

2 

43 

' 6 

148 

2 



Acstbalia, S.E. Voatt , i _ F«m PitM en’i Land, N. Coa»t 


TABLE JO 


MARITIME POSITIONS 


Maria I., NS 41., Oyster 1 „ , , 

B.,ww„, w side, +^40 H* * 

— Pyramid, off S pt 42 4^ 148 3 

— Sum. at N end, 3500 f. .... 42 37 148 7*5 

C. Bougainville 42 30 148 o 

Schouteii’sI., -%j- 6m., S islet off 42 21 148 18 

C. Degerando 42 16 148 17 

St. Patrick's Head 41 34 148 18 

Eddystone Pt 40 59 148 20 


I Mt. Cameron, (8 1 . inland of ) l 
dn.^. 17.W I 


do.), 1730 f j 

Black rf., [l^m.] [40 

SwauIs.,[ 3 rn.], 90 f.;W/N\V, ) ' 
b ; It. at E pt., ll 1™ ) I40 

104f ) I 

C.' Portland I40 

Waterhouse I.,-5p- 2 1 1 

SE T, N pt j 

Nintli I., small 40 

Mt. Arthur, 5 1 . inland. 4300 f.l 41 

Tenth I., small ,40 

Port Dal pympleJt^, Low H(l., ( [ 

It. Ill"' iiof. j 

— Georgetown, tl. sL !4i 


40 59 ji 47 56 
40 50 '148 16 

40 44 1148 8 


44 H 7 57'7 
46 147 38 

50 147 17-7 

16 147 17 

56*2.147 o 

3.4146 48-2 


Emu Ray, NW, or Black- ) 

man Pt ‘ 

Valor; tijie pk., 7 1 . inland, | 


Rocky (Jape, sum. 2 in. in- ( 
iand, lOOOf., (a rk. 2m.).. j 


Three Hummock I., 7m., | 


Hunter I., NS 13 m., 300 f., ^ 
pt j 


Australia, continued from (Do) .3. 


Is. to SE-d., ^ 5 m., E, or) 

Cliffy I ) 

Gabo T., [l^m.], w', 1|,, N, ) 


Twofold B., b, w„ Redl 
Pt. It. (to be) j 


Mt. Dromedary, vis. 151 .,! 

I Npt ] 

1 Montague I., [ 2 m.], 4^^ W, \ 


I Pt. Cpright, X 

Ulladulla, So. Head 

C St. George, the East prti- 


Jervis B., r, SS, N pt. 
I €*ntr. , or Pt. Perpend i- 
j onlar, 6501 *., j. It. ho. ... 


. 1 
41 6*3 

J 46 50*2 

4» 4 1 

146 44 

41 3 

145 57 

41 22 

145 45 

40 567 

145 457 

40 53 

145 3* 

40 43 

145 17 

40 35 

144 55 

40 26*5 

144 51-0 

40 23 

144 58 

40 24 

144 48 

40 29 

H4 39 

40 22 

144 397 

39 4 

146 29 

3^^ 47 

146 28*2 

38 40 

146 42 

38 57 

146 44 

37 34'» 

149 55 '^ 

37 31 1 

1 50 0 

37 17 1 

150 3 

37 6*2 

149 58 ? 

37 4 

149 55 

36 18 7 

1 

150 9 

36 15*7 

150 147 

35 35 

150 26 

35 22-2 

150 31-2 

35 

150 50 

35 9'2 

150 47*5 

34 i j 

■''o 34'5 


I Botany Bay, \v, N pt. 1 

j entr., C. Barik.s / 

Port Jackson, It. R 1 .|^™24of. 

! Sow and Pig2,’*-s.,NW edge, ! 

I 2 F, 22 f., vert ...../ 

SvDNKv, P’ort .Macqiiarrie* 

'.Observatory 

1 Paramatta Ohs 

j Broken B., @ 0 , S\V of entr., | j 

j w. b, r, entr. S pt j 

I C. Three Points 

1 Port Hunter, ID, or New- ! 

castle, Court House ... ) * 

I Pt. Stephen's, j. It. R. 1 "' ... 

' l*ort Stephen’s, SS, w, Bar- I 

1 roinee Pt j 

-j Broughton Is., E pt 

jsugarloaf Pt., (rks. off) 

jC. Hawke pk., 777 f. 

(Three Brothers, 1700 f., N one 

I Port Macquarrie, entr 

i Smoky C 

> N- Solitary I 

; Clarence VC. It. F. red ei.tr. 

! C. Byron, E pt. of Australia 

Mt. Warning 

Pt. Danger, (an Id. and shls. | 

1 off), Cook Id j 

Pt. Lookout 

C. Moreton, N part of Id., 1 

i (rks -|2- 4 m.) It. ho j 

Brisbane 11 

'A high peak 

-Double I., Pt 

;Git. Sandy 1 ., 23 1 ., E. 1 

pt., or Indian Head ... j 
— N and E pt., Sandy Cape, ) 

I >y 7 m ] 

— Shis, off N pt., Break- j 

Maryborough R. N. Hd 

Laily Eliott 1 ., It. F. 67 f. ... 
Bunkers' grp., ^ 4 1 ., /, ¥, 1 

; 11. pt ) 

iMast-llead Islet, 50 f. 

'Capricorn grp., %, NW 1 ., I 

1 (rfs. E), t, bOf. 1 

— North rf., small 

Round Hill 

Port Curtis, Facing I., ) 

, 8in., w near S pt., or > 

(iatcombe Hd ) 

C. Kcppel 

Keppel Is., Barren I. 54 8 f.... 

Flat 1 ., small 

Peaked I 

C. Manifold, islet 

Port Bowen, ffi, w N pt., 1 
; Entrance I. ,[^m.], 199 f.,' 3 ^ ( 

[Harvey’s Is 

j C. Townshend 

I Double Mt., Est. of pks 

Thirsty ^ound, N, or Pier Hd. 

Northumberland Is., E one, ) 
or High Pk., 750 f j 



23 27 
23 10 

22 45 
22 40 
22 42 

21 290 


21 57 150 44 


Gsrdrn Irt.,thr u'-n.n ol obLcwaiion, lie.' o'* o' »/" E. of Fort .Mac'niAtis. 




TABLE 10 


551 


MARITIME POSITIONS 


Percy Is., % 7 1., N part, ) 
Pine pk., vis. 12 1. ... j 

— Prudhoe I., ^ 2in., sura. I 

1026f. ( 

L^ng Hill, 2333f. 

iC. Palmerston, lOra.)... 

Slade Pt 

C. Hillsborough, 1, sum. ) 

966f. f 

Sir Jas. Smith’s grp., Linn6 \ 

pk., 994f. i 

Repulse Is., (Entr. of llep. i 

B.), S pt ( 

C. Conway, pk. lC37f. 

Cumberland Is., % 26 1., ) 

S and E one, marked K1 f 

— Bailey I. ? small 

— Shaw’s Pk., N part of L, | 

[4m.], IGOlf j 

Whitsunday I., 1568f 

Liayman 1., N pt 

Mt. Drvander, 4566f..^ 

C. Gloucester 

Gloucester I., 5m., N ( 

sum. 1907f. 1 

Port Denison Obsy. Pt. W ^ 

.side of Stone 1 ) 

Holborne I., [Im.], 4ylf. ... 

: Mt. Abbott, 3460f, 

C.Upstart, (sum. lOOOf.), j 
NW pt, (w-fr Im.)... ( 

C. Bowling Green, /, N15 j 

pt., sand J 

I C. Cleveland, h land S-d 

I Mt. Eliot, 4075f 

; Magnetic I., [5m.], sum. \ 

; 1770f. i 

— Bav rock 

Palm Is., b, w, large one, | 

8m , 18'JOf. i 

Hinchinbrook I., Pt. Hil- ) 

lock, 27()f. I 

— Mt. Bowen, 3G50f 

— C. Sandwich, rks. 2m. ... 

Rockingham B., Goold I., ( 
[2m.],w'"W,sum. 1375f.j 

Dunk I., ^ 3m 

~ Double Pt., rk.s. SE 5ra 

Frankland Is.,%4m.,Sand I 

E I ) 

FiU Roy I., [2m.l, w, b, ) 

NE pk., 530f., P W f 

C. Grafton 

Green I., [and rfs. 3m.] 

Satellite rk., i 

Snapper I., [1 Jm.], SE ) 

^ pt. \ 

C. Tribulation, Finger pk., ) 

3350f. .... ) 

Endeavour R., entr 

Endeavour rf., % 13m., N | 

and W pt i 

Turtle rf., [3m.], r, N pt. ... 


2l''32 150'' 19 

21 19 149 40 

21 34 1.^9 20 

21 32 149 32 

4 ‘49 ‘5 ^ 

20 55 149 52 

20 40 149 14 

20 37 55 

20 32-5 148 58 

21 7 149 58 

21 2 149 34 

20 28 149 7 

20 15-5 149 o 
20 1 148 55 

20 14 148 34-5 

20 1-5 148 31*5 

19 57*5 148 28 

20 0*8 148 18 

. 19 42 148 24 

• 20 6-5 147 47*5 
19 42*8 147 47 

19 19-5 147 26 

. 19 11*3 r47 1*3 

. 19 29 146 58 

19 8 146 50 

.19 7‘2 146 40 

18 44 146 38 

i8 25 146 23 

. 18 20’7 146 17-2 

. 18 13 146 20 

18 9*9 146 1 1*5 

• 17 57 *46 12 

. 17 40 146 10*5 

17 137 146 8 

16 55-7 146 1*5 

, 16 ^2*7 14s 57-2 

. 16 40 146 I 

. 16 26-2 145 42*5 

*6 177 145 3 * 

16 4*4 145 o 

15 27*5 »45 '6-5 

15 38 145 27 

. 15 24 145 ^7*5 


C. Bedford, A, 1, (sbl. Im.).,. 
C. Flattery, 2 pks., 855f.,pt. 
Lizard I., [3ra.], w, b, I 

sum. 1200f. J ® 

Eagle I., [Irn.], /, (sbl. \ 

s*d.) : ) 

Lookout Pt 

Coles' Is., sandy, /, NE [ 

ext ) 

Howick’s grp., %, SE sum... 

Noble I., [Im.], rky., h 

C. Bowen 

Pt. Barrow, rky 

C. Melville, (shl. ^ 2im.) ... 
Pipon Is., [2m.], /, N pt. 
_ Clack’s I., small, A, rk., 1 ... 
Flinders grp., ^ 2 1., 994f., [ 

I N pt. C Flinders ) 

Jane’s Tableland, abt. lOOOf. 

A Dry Sand, [ l^m.] 

^ Low Woody 1., Ll‘^*] 

Q C. Sidmoulh 

C. Direction, rf. 2m 

. • C. Weymouth, Restoration » 
7 I.,l, pk. 4G6f.,Wpt., /, 

T ) 

< Fair (hipe, rf. 2m 

2 Forbes l.s., sum. 340^. 

3 ; C. Grenville, E pt., (Home ( 

A Is. 5m.), I ) 

^ Sir Ch. Hardy’s Is.. [8m.], ) 
N one, 320f. ) 


Bird Is., /, t 

Orfordness, Pudding-pan ( 

hill, about 650f ) 

Cairncross I., 75f. 

Bushy I 

Arnold 1.,^ 

Shadwell Pt 

Sandy Cay, [5in.], W of 2, ( 

W pt 1 

Grt. Albany Is., SE pk., 1 
(Port Albany, SW, Bl, w) ) 

Mt. Adolphus, 54 8f. 

iMt. Bremer, 420f. w'" 


Lat. S 

Lon. E 

*5" 

16*' 5 

* 4 . 5 ° 

23-'2 

*4 

59 

*45 

»3 

*4 

40 

*45 

30 

74 

4 ^ 

*45 

247 

1*4 

so 

*45 

*57 

14 

33 

*44 

57 

*4 

3^*4 

*45 

1*5 

*4 

30*5 

*44 

48*5 

*4 

3 * 

*44 

42*5 

*4 

22*5 

144 

42 

‘4 

10 

144 

33'5 

‘4 

65 

*44 

34 

‘4 

47 

144 

*7-5 

*4 

8 

144 

i6*2 

‘4 

29 

*44 

10 

‘4 

8 

*44 

i *5 

*3 

40 

*43 

43 

‘3 

25 

‘43 

37-2 

12 

5 * 

‘43 

34 

12 

37 i 

‘43 

^ 7’5 

12 

*5 

*43 

*7 

12 

16 

‘43 

24 

12 

0 

‘43 

17 

11 

547 , 

*43 

28-5 

II 

49 ! 

‘43 

30 


N extr. of Au.<!tralia, C. York 1 
1., small, rky. 282f.. 1... / 

- Flinders' shl., NE extr 

S. limit of Grt. Barrier rls , ) 
or Swains rfs. || 8,3^ ... j 

N.E. lira 

Horse-shoe rf. [5 1.] 

Diivid Sandbk., [4 1.], rk.s. [ 

E, 13f. i 

^ Flinders, NE lim 

Endeavour opening 

Sandbanks, NE lim., j 

First Three-mile oi>ening, | 

N pt. of reef, j ( 

Second Three-mile openijig. ! 
(rf. HI mid.'i, pi. to E-d., j j 

Hibernia ent**. (1810) 

.Cook entr. (1770) 


II 46 143 6 

11 20 142 49 

11 15 142 56 

II 15-5 142 53*5 
II o 142 59 
10 59 142 45 

10 49 142 43 J 

10 44-7 142 37-7! 

10 377 ‘42 39*^ 

10 41 142 35 

10 41*6 142 33*2 
^3 35 ‘ 5 ‘ 40 

22 23-2 152 37 


19 20 151 5 

17 40 148 30 

15 41 145 50 

‘3 43 ‘44 »5 

13 28 144 5*5 

‘3 3 *43 59 

12 44 *43 50 

12 39 143 49 




hlanf^s and Shoals , Northeastvjard of Australia i Barrier Reefs 


TABLfc: 10 


MARITIME POSITIONS 


Detached rf. , [ 1 m.] 1 2° 3 6' 

N Detaclicd rf., [Im.] 12 25 

Wieck of the Ferguson 12 20 

Black rks., N pt 12 12 

Yule’s rf., [1 1 ], E edge, j... ii 58 

Nimrod’s entr.. [3c.] 12 6 

Stead's entr., Qm.] ii 55 

Grt. Detached rf., NS 4 1., ) 

Npt " 39 

— South-east pt II 51 

Raine I., % i^m. (entrance) I , 

/V-, beac. 60f. j * ^ 

Pandora entr., [2m.] ii 27 

Outer projection of the reef... 1 1 1 1 
Yules' opening, u, [Im.], 1 

(current ! ) j * ^ 

Sandbk 10 10 

Fly entrance, []m.] 10 i 

Cumberland entrance 9 54 

Murray Is., [4m.], grt. one, \ 

1 pk. 700f, / 9 5'': 

Flinders' entr., ^ 4m. , S pt. , 1 9 42 

Ball’s Pyramid, 1810f. 31 45 

Lord Howe I , 2834f.. \y' 31 3r< 

Island O 31 19 

Seringapatam and Eliza- { ^ , 

beth rf. mid ... ) ’ 

Middleton 29 28 


|H 4 15 

159 i6-2 

kS9 5 

160 42 


A rock 

Capel bk., 32 

Ferriers’ bk., f?, 

Cato bk., jS 

Wreck rf., (Porpoi.se and , 
Cato, 1803), EW 7 1., 
Eastern extremity, Bird I 

Island, ^ / 

';Sir James Saurnarez bks., | 
j [3 leagues], Southern | 

I point / 

Frederick, shoal, (ship, | 

1812) ) 

Kenn rf., ^ 9 miles, low, f 

T. * t 

Booby shoal, (shoal W 6 ) 

I miles) ) 

A Sandy Island, Mid. Bel- 1 

Iona 1 

Bellonashl., NW O 

Bellona shl., S 

j Ball’s rks 

Bamptonshl., [17 leagnes]. \ 
South-West part, .\von / 

Islands, 2, [2 miles], j 

i,f, ; 

— Two Islands, at J _ 
N part ) ° 

Melljsh Cays, * (4 1.],] 
mid 1 ° 

jLahou shoal, [15 1.], E\ 

I lim. ? ) 

Tregrosse Islets, 2, rfs.,] _ 

•Wpt J ^ 


Coringa shl., Id. lOf., rfs.,1 

N part ) 

Diana bk., (1768) O 

Bougainville .shls., 2, 5, 1 

NS 61., Npt } ^ 

Osprey shl., % 10m., S pt.... 

Possession I., 3m., rky., 1 

ww^, N pt j 

Prince of Wales' I., 5 1. 1 

NEpt.,Hornedllill,430f.) 

— S pt. or C. Cornwall 

Double I., [4m.],2l8f.,N sum. 
AYednesday L, 4m., E pt. 
Booby I., [|m.], 30f., ne, 1 
TjWWq, “Post Office” I ^ 

Prondfoot shl., 2 

Wallis Is., shl., N one, 70f. .. 
Eastern Fields, [7 1.], E end,<i> 
Boot rf., NS 41., (shls. ] 
SE-d and SW-d), N pt., \ 

Bootl ) 

Portlock rf., unexplored, I ^ 

N lim j ^ 

East Cay 

Anchor Cay, (S lim. of \ 

Bligh's entr.) ) 

Bramble Cay, Sandbk., 12f., 1 
/-r, (Blk. rks. 3m.) ... j 

A reef awash 

Darnley L, or Eroob, (at W \ 
edge of rfs., 11m.), > 

wWq, P,. hill 580f. ) 

Nepean I 

Stephen’s I., /, ^ 

Pearce Cay 

Dalrymple I 

Ilennel I 

Yorke Is., 2, [3m.], W Id.... 

Arden 1 

Aurced I 

Half-way I. and rfs. -gP- 4m., 1 

NW pt / 

Cocoa-Nut I., 2, [4m.], E pt. 

Dove I 

Dungeness rf., S pt 

Dungeness I., EW 4m. ,W pt. 
Turtle-backed T., 268f., f .... 
Long I., 4m., rfs. 1 

E-d, W pt j 

■ Poll rk 

Harvey rks 

Mt. Ernest, 807f 

Mt. Augustus, 131 Of., (onl 

NE part of 1.) j 

DuncanIs.,Sst., orllawkes- 1 

bury j 

Banks I., sum. on E side 

North Possession I O 

Jervis I., [21.] O 

Clarke bk., [Im.] 

Alert Reef, [Jm.] 

Australia continued from ( 100) 3 

Duythen Pt ' 

PeraHd., /, 1 ; 

C. Keerweer 


9 H 4 55 
9 24 144 12 

9 22 144 6 

9 8 143 5 * 

9 10 H 3 50 
9 35*3 143 45 


10 22 142 10 


10 20 14* *7 

9 52 140 50 

T 2 34 14' 4 * 

12 59 141 40 

13 58 141 34 




TABLE 10 
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MARITIME POSITIONS 


Lat. S Lon. E I ( 104 ) 


Van Diemen's Inlet, w, entr. i 
Wellesly Is., N extr., ronky islet i 

— I. Mornington, jf- 12 1 ..) 

N part, White Cliffs, J i 
(rks. off) ) 

— Pisonia I., small i 

— E extr., Bountiful Is., 2 , 1 

3 m., E pt J ^ 

Svyeers 1 ., ^ .'jrn., f;. w, \ 
r, b, S pt , luspeetion } i 

Hill, 105 f ) 

Bentinck I., ^6- 3 1 ., f , \ 
(shls. N-d), S pt. ... *. j 
' Sir Ed. Pellew’s Is. 12 1 . 1 

N extr., a rk j ’ 

• — Vanderliu I., 61 ., N ( ^ 

, pt., or C. Vanderliu ... j ’ 

— North I., NS 8m., N pt., 1 

C. Pcllew j ' 

— West I., NE pt 1 

Maria I., 7 in., N pt i 

' Groote Eylandt, NS 121 ., I 
SE pt., (an I. S 5 in.).. ) ' 

— Central Hill, vis. 101 j 

North-East Is., [ 7 m.], E extr. ] 

Bickerton I., [4 1 .], sum i 

Woodall I., % 4 1 ., S pt ] 

Nicols I., [ 3 m.] i 

C. Shield i 

!C. Grey 

IMt. Caledon 

Mt. Ale.xamler i 

- C. Arnheiin 

Melville !»., (E-d. of Mel- 1 

ville B.), NE lirn., ah. .. ; 

Brumby Is., NE pt 

C. Wilberforce O 

English Company’s Is., I 

12 1 ., N and E extr ) 

Truant 1 ., small 

Wessel’s Is., N pt., C.Wessel 
Arnheiin B., entr., Malli- \ 

son’s I., W pt, . ) 

Brown’s Strait, rk., entr,! 

W side j 

Pt. Dale 

Crocodile Is., SE lim 

C. Stewart, rky 

- I Liverpool R., Haul-round | 

I islet off entr ) 

Pt. Cuthbert, (shls. 3 1. out, || 
Goulburn Is., North L, j 

7 in. , N pt j 

^ Pt Brogden, rky 

3 C. Cockburn 

•J Mac Cluer, I , ^ 2m., N pt, 

► New Year I., small, w 

' Bramble rks O 

5 Money shl., [ 5 m.], 4 O 

I Croker L, NS 7 1 ., N pt., I 

- C. Croker, (rks NW-d.)) 

3 Orontes rf., [Im.] i 

Pt. Smith, [rks. Im.] 

Port Essington, Gov. Ho, ® 


16^58' 141° 1' 
16 1 8 139 40 

16 24 139 37 

16 29 139 51 

16 39 139 56 

17 8*2 139 41 


1 1 30 
1 1 36 
ti 43 
57 
11 54 

“ 43*5 
1 1 28 


Greenhill I., NS 5 m., SW | 

.pt- (rf. off) I 

Field I., [ 4 in.], /, (off mo. 1 


Vernon l.s., [3 1 .], S side of 1 
Clarence Strt., W pt j 


• Pt. Jahleci 11 II I131 16 


Lat. S 

Lon. £ 

7' 

132° 2' 

ir 19 

13 I 48 

II 30 1 

* 3 * 57 

11 39 ■ 

132 6 

12 5 

132 23 

12 3 

13 1 20 

12 4 

J 3 * 3 

1 1 28 

;* 3 i 34 


12 27 130 51 


12 37 130 35 


— N and W pt. , C.Van Die- i , , . ! , 

men, /, sandy, (shl.oin.) ) I ^ 

- Bathurst I., EW 131 ., N, , I ^ , 

or Sandy l>t ) " ’9 j‘3° 

— C, Helvetius ii 41 '129 58 

— .S extr , C. Foureroy *^9 57 

Port Darwin, w, Pt. ) 

Emery, on E side.. } *^0 5 « 

Port Paterson, 't$l, Raft Pt., ) 

on K side.... j '*37 'JOSS 

Paterson’s B., Quail I., w'"... 12 3o'9 130 28*5 

Pt. Blaze 12 51 I130 II 

Peron Is., 51 ., N pk 13 6 [130 i 

, C. Ford, (rks 2in.) 13 25 129 55 

’ Port Keats, 1 ^ 'free Pt 13 59 J129 37 

) I C. Hay, (shls. -p- 5 1 .) 14 i ]i29 30 

; ' Pt. Pearec, SW extr., (a rf. off) 14 25* 1 129 20*7 
1 .Cambridge G., Lacrosse I.,) .on 

ij Wpt :} 

“I — Adolphus I., 10 in.,\Vpt. 15 10 128 4 

C. Dussejour, (rk. ott), sum. 1 

over / ^ 

Mt. Casuarina 14 23 12; 40 

j C. Bernier 14 o 127 28 

! Lesueur 1 ., [and rks. 11 .],... 13 48 127 17 


I 5>n-] ) 

I Shls., bks., [Holuthnria and » 
1 others), unexplored, W lim. ) 


Admiralty G., Port Warren- 1 

I der, Crystal Hd j 

iC Voltaire, flat hill, (lim-( 

inland) j 

1 Condillac 1 ., small 

i A sand-bk., small 


n 


129 

37 

H 

I 

129 

30 

14 


129 

20*7 

14 

43 

12g 

16 

>5 

10 

128 

4 


42 

12*' 

11 

»4 

23 

12; 

40 

14 

0 

1^7 

28 

13 

48 

127 

17 

>3 

44 

126 

57 

n 

47 

126 

46 

13 

44 

126 

26 

*3 

5 ^ 

126 

12 


44 

126 

*5 

^3 

3 ^ 

*^5 

5 ^ 

M 

3 '; 

*25 

1 s 

M 

55 

125 

45 

14 

2> 

»-5 

5 ^ 

14 

15 1 

125 

4 3 

14 

6 

i2<; 

40 

*4 

1 

IA5 

36 

*4 

14 

125 

12 

13 

55 

124 

55 


j Lamarck I. 14 45 12$ 6 

C. Pond, islet off 14 45 125 11 

i Pt. Hardy 14 59 12 c 4 

Port Nelson, Careening) , 

B. beach j *5 «> 4 



554 


TABLE 10. 


MARITIME POSITIONS 
.at. S Lon.E (106) P 


Prince Regent’s R., Mt.Tra- ) 

falgar, sum | 

Port George IV., V, b, j 
rfs., Augustus I., N pt... I 

Colbert I 

Freycinet grp., W island 

White rook islet 

Red I 

Bl ue rt 

ChampignyIs.,^7m.,W sura. 

Pt. Hall, sum 

Doubtful B., Raft Pt., w 

Cockell’s Is., [2 1.], W pt 

Mac Leay Is., rk N of do. ... 
Caffarelli I., 2.^ra., raid.... 

. Hidden I., W pt 

High I., [2m.], 200f._. ; 

Port Qsborue, [im.], 7 , \v, 1 

b, Po ■ ) 

King’s Sound, Pt. Torment... 

— FitzRoy R. mo.. Escape Pt. 

— Pt. Cunningliam, NV part 

Skeleton Pt., w' 

‘ Swan Pt 

C. Levecjue, OOf., (an islet off) 

Rowleyshls., Irapcrieusc sbl. i 
NS 3 1., rks., E side... j 

— Clarke’s shl.. SE pt 

— Minstrel shl , NW pt 

— Mermaid slii., [31.], 2) 

1 rks. E side j 

Lively, rk O 

Lynher r?., If. 

Scott rf., a lagoon, NS 6 1., j 
j W, I. sand, and crl. > 

20f., N pt ) 

i Srringapatam rf , EW 5m ., ) 

i if.,r»Npt ) 

j Adele I., [rfs. 4m.], /, sand 
\ Sandy Islets, (rks. SW-d.), | 

' N one ) 

^ Beagle bk., [^ 5m.], 15f 

' Browse I., [Im.], / 

J A reef, N lira, j 

: A reef, W lim. j 

I Dry sand, (Ship Carter, 1800) 

! Two sandbks., lOf., (Ship) 

: Hibernia, 1810) ) 

^ Curtis I., dry sand 

~ Ashmore shl 

I Hibernia shl., 2 bks., lOf., 1 

I rfs. 4m ) 

I Echork 

• Troubadour (1843), o 

^ ('oral bank, T 

Lynedoch shl., [fra.], J}... O 

Victoria shl., If. O 

Money shl., [5ra.], 4 

Sahul bk., n, least, limits ? | 

Shoal, [n] 

C. Borda 

I..Acepede Is., NW one [and 1 
rks. 31.], /, sand J 



Lon. E 

125° 


124 

38 

124 46 

124 

36 

124 

^5 

12 X 

18 

123 

9 

124 

*5 

124 

27 

124 

3 * 

124 

4 

123 

45 

123 

23 

123 

32 

123 

^5 

123 

34 

123 

4**7 

123 

39*7 

123 

‘ 4 -*t 

123 

8 


8 

123 

* 

1 18 

5b 

119 

20 

119 

lu 

119 

37 

119 

30 

121 

58 

121 

47 

121 

56 

123 

*5 

123 

12 

123 

35 

I? 3 

30 

124 

10 

124 

23 

124 

0 


Lot. S I LiOn. G 


Baleine bk., [21.] O i6'^45' 

C. Baskerville 17 9 

Pt. Coulomb, rf. Im 17 21 

C. Boileau, sandy *7 '38 

Pt. Gantheaume 17 52 

C. Villaret, 150f. 18 19 

C. Latouche Treville, vis. 71. 18 29 

C. Bossut, rf. off 18 4.2 

C. Jaubert, 45f. 18 58 

Mt. Blaze, GOf. 20 o 

Amphinome shls , outer /S .... 19 41 
Bedout I., (rf. SW), [im ], 1 g 

Turtle Is., N one, [im.], rf., r 19 54 

C. Thouin, rf. N 20 20 

I Geograplie shls., 2, N W one, ) 

' Depuch I., ww„, 5l4f 20 38*4 

C. Lambert 20 36 

' Delambrc I., [and rfs. 3m.], ) 

! N pt *5 

Legendre 1.. ^ 8m., NW pt. 20 19 
Dampier’s Arcliipelago, \ 

I 101 , Rosemary 1., [3ra.], > 20 27 
W sum ; 

— Enderby I., EW 7m.,) 

I Rocky H(1 j 

C. Preston 20 50 

A small rocky 1 20 51 

Montebello Is., NS 4 1 ., Hq, 1 

Nextr. ofrfs / S 

— Tremouille Is., w^, b, ) 

flag islet j 

— East extr.. Board I., ) 

small, 43f. } “ ** 

— Tryal rks, NS 4in., N extr. 20 33 

Ritchie’s rf., 4^ 3m., mid 20 17 

Barrow I., 4^4 1., r, (rf. 1 

16m. from S end), N pt. j ^ 

Rosily 1 21 14 

Muiroii I., S part 21 42 

Exmouth Gulf, B. of Rest.... 22 17 


4 117 41*0 
117 II 


20 51 |115 53 

2C 21*51115 31 


II5 37-5 
115 ^^’5 

115 24 
115 28 


■ Farew'cll Spit, bush end 40 

C. Farewell 40 

'Aopuri Range, W sum. 540nf 40 

i Rocks Pt 40 

C. Foulwind, (3 steeples off), 1 

- ! extr j ^ 

White Stone pk * 42 

Bold Hd., extr 42 

'Abut Hd., extr 43 

Mt. Cook, 13,200f 43 

I Cascade Pt., N extr 44 

Pembroke peak, 671 Of. * 44 

George Sound, Anchorage ) ^ ^ 

I Cove, N side J ^ 

Thompson Sound, Deas i 

5 j Cove, hd } +5 

^ iMilford So., Freshwater basin 44 

^ Breaksea Id., NE pt 45 

Five Fingers pt. (W. of) 
Dusky B.) 1 

' • Positirmn marked thus are 

I provisional. 


33*3 *73 » 

30 172 42 

52 172 35 I 

58 172 6 I 

45*5 *7* 34;5 
23 171 28 j 

58 170 41*5 I 

7 *70 *7 

36*5 170 12 
o i68 24 
33 *67 54 

55’3 *67 267 

1 1*7 166 587 

40*3 167 557 
34*7 166 387 

44*2 166 28 


Middle E. Coaat I J>*ew Zealand, S. Coast , Stewart I. 


TABLE 10 


56 S. 


MARITIME POSITIONS 


( 107 ) 


Places 


West Cape 

Chalky I., (S entr. of Dark ) 

(/loud inlet), N pt ) 

Puysegur Pt * 

Sandhill Pt 


Solander Id. [lin.], llOOf. ... 
Stewart 1 ., ^ 13 1 ., N., or) 

Black rk. Pt / 

Mt. Anglem, 3200 f 

Codfish I., ^ 3 m., NW rocks| 
j Ernest I.,W head of Mason B. 

Wedge I., Irn., cent 

SW Cape (of Stewart I.) .. 
Port Pegasus, cove abreast 1 

Anchorage island / 

Wreck rf., [^tn.] 

Port Adventure, Entrance 1 

I., E pt j 

Paterson Inlet, Glory cove, hd. 
Ruapuke I. (group ^ 10 m.) 

N pt 

North Trap, % 2 ^m., 5 f., Ept. 
South Trap, rf. NS 2 m., S pt, 
Snares, [1 1 j 7470 f. W Id. 

Howell roads 

Slope Pt 

Nuggett Pt 

Saddle Hill 

(L Saunders 

Taeri 1 ., [Jm.], mo. ofT. riv. 
Otago Harb., Tairoa Hd. ... 

Whalers' Home Pt 

First Rocky head 

Waitangi R., mo 

Wanganai R., mo. |l, west) 
ext. of 90 -miles’ beach... j 
Banks' Peninsula, Akaroa) 

Harb., W head *) 

— East point 

Port Cooper, Ly tt. Cu.st. ho 


Table Id 

Huranui R 

Kaikora Penins., E pt. 


C. Campbell 

Port Underwood, E. head ... 

C. Koamaroo 

C. Jackson 

Stephen’s I., [Im.] 

D’Urville I., Port Hardy, ) 
East arm, Wooding pt, . | 
— Greville Harb., S. head .. 
Current Basin, Cross Pt. .. 

Nelson, Boulder Bk 

Astrolabe rd., Adele I., NE pt 
Separation Pt 


Mana I.,(olfPorirua Harb.), | 
Hm., sum. NW pt. . ) 

C. Terawiti, extr 

j Port Nicholson, East or 
1 Pencarrow Hd., beacon . 


Lat. S 1 

Lon. E 1 

45 ° 

54' 

i66‘" 

26* 

45 

59 

j66 

35*7 

46 

1 1 

166 

37 

46 

lO 

167 

22 

46 

36 

166 

55 

46 

41-5 

167 

53*7 

46 

45 

167 

57 

46 

46 

167 

377 

46 

57 

167 

42 

47 

13-5 

167 

215 

47 

17 

167 

30 

47 

11*7 

167 

4 * 7 

47 

6 

168 

ig 

47 

4*7 

16S 

* 4 *^ 

46 

58*5 

168 

IC7 

46 

45 

168 

33 

47 

22'2 

167 

55 *a 

47 

33 

167 

53 

48 

7 

166 

29 

46 

24 

168 

4 

46 

41 

169 

3 

46 

26 

169 

5a 

45 

55 

170 

22 

45 

53 

170 

46 

46 

4 

170 

*5 

45 

47 

170 

45 

45 

23 

170 

54 

45 

7 

171 

I 

44 

55 

171 

12 

44 

n 

171 

a 5 

43 

49 6 

172 

58-2 

43 

46 

*73 

9 

43 

367 

172 

44*2 

43 

3a 

172 

37 

43 

4 

173 

5 

^ 4a 

55 

173 

18 

42 

26 

*73 

44 

^ 4a 

1 

'73 

4* 

= 4 * 

55 

*74 

2 

41 

43 

*74 

* 8-5 

41 

21 

*74 

8 

4^ 

5 

*74 

24 

. 4 ' 

0 

*74 

20 

40 

40 

*74 

* 

40 

46*6 

*73 

55 

. 40 


*73 

48 

■ 40 

56*3 

*73 

52*2 

41 

156 

*73 

*7 

. 40 

58-9 

173 

5 ? 

. 40 

47 

*73 

2 

. 40 

48 

172 

5a 

. 40 

5a 

*74 

55 

4 * 

5*8 

*74 

48 

. 41 

172 

j*T4 

38*2 

41 

22’C 

»i *74 

52 0 


( 108 ) 


Places 


VVki.mng'ion, PipiteaPt. © 

Taourakira Hd., extr 

C. Palliser, extr 


Lat. S 


4i°i6 7 
41 26 
4-1 37 


Flat Pt., extr 41 15 | 

Castle Pt., extr .40 54 5 

C. Turnagain, E extr ' 40 29 5] 

C. Kidn;»p|UTs, extr i 39 38 

Ahuriri Ilarb,, M.iort Pah ...I 39 28*7 
Mahia Peninsula, Table Cape. 39 6 

Portland I., S extr '39 18 


Poverty B., S pt., or Young | 

Ariel rks., [ ],i 

Gable end Foreland, white gab. 
Tolago B., Motu-Hekaislet ’•'I 

Open B., N point 

Mt. Ikaurangi, 5535f 

East Cape islet 

MolaKuwa Pt 

C. Runaw'ay, extr 

Waikana Pt *1 

Mt. Edgecumbe, Esum. 2575 f. 

White I., sum 

Tauranga Harb., Mt. ) 

Monganui, entr., E side, j 
Motiti I., 3 m., N. pt. .. 

Mayor I., [2m.], sum 

Tairua R 

Mercury B., Oyster R. mo. 
Alderman Is. [ 4 m.], E.orouterj 
Red Mercury I., [l^m.], E pt. 
Great Mercury I., % 4 m., N pt 

Richard's ^ 

Cuvier I., [l-ltn.], sum 

Channel 1 ., {Takoupo), 720 f. 

C. Colville 

Coromandel Harbour, E 0 

Jiihiila I, 

Riv. Thames, mo., Kopu 
.\uckland, 3 ^, Depot Pt. .. 

Maurangi Harb., islet 

Kawau B., Fish Pt., E entr. 
Takatau Pt 


Great Barrier I., \ 7 1 ., ) 

S pt. C. Barrier ] 

Port Fitz Roy, W pt. of E side] 

Wellington Hd 

Id. offN end. Nor Aiguilles Pt.| 
Horn rk 


Simpson rk 

Mokou Hinou Is., ^ Um., ) 

NE pt i 

Moto Tiri Is., EW 5 m., E pt. 

Rodney Pt 

Bream Tail 

C. Tewara, or Bream Hd. 
Wangari Harb., Passage I.| 
Tutukaka Harb., N head 
Poor Knights' Is., N one 
Wangararu Harb., Grove Pt. 
Home Pt 


Lon. E 


38 45 
38 44 
38 32 
38 20*8 
37 58 
37 53 
37 40 
37 32 
37 31 

37 38 

38 6 

37 30 
37 36 ’ 4 | 

37 35 
37 16 
36 59 
36 49 
36 56 
36 37 
36 34 
36 35 
36 26 
36 26 

36 28 

36 48*6 

37 io* 7 | 
36 so-i 
36 29-5 
36 27-0] 
36 22 

36 22 

36 I2*o] 
36 10 
36 2 

36 15 

36 I 

35 55 

35 54 

36 17 
36 3 
35 52 
35 51 * 0 ] 
35 38 
35 

35 ^V 3 
135 


74 ‘' 48 ' 

74 56 

75 17 

75 58-5 

76 142 

76 38*5 

77 8 

76 55‘2 

78 I 

77 53 

78 o 

78 18*5 

78 18 
78 21-2 
78 23 
78 3 

78 36 
78 21 
78 I 
77 46 

76 45 

77 la 
76 ii-o 

76 25 
76 IS 
75 54 

75 48 

76 7 
75 59 
75 49 
75 58 
75 48 
75 311 

75 aa 
75 as’S 

75 35-5 
74 49*? 
74 44' 5 
74 48-5 

74 54 

75 33 
75 a2*5 

75 J8 

75 a7 
75 >3 
75 9 
75 9 

74 49 
74 51 
74 37 
74 37 
74 3»'5 
74 34-0 
74 45 
74 3 
74 a 3 




TABLE 10 


MARITIME POSITIONS 


Lat. Lon.E | (liO) 


C. Brett, (W hd. of B. of Is.) 

Motu Mca Islet 

C. W'iwiki * 

Cavalli Is., great, NE extr. . 

Stephenson 1., NW pt 

Wangaroa Harb., Peach I. ... 
S Flat Hd., ( E hd. of Doubt- \ 

^3 lessB.) 

Maiiganui Harb., White’s Pt. 

>: C. Karakara, extr 

Mt. Camel, S pt * 

Parenga-renga Harb., coal pt. 

North Cape, islet 

C. Reinga * 

C. Maria Van Diemen, islet . 


ivianganui naro., wnite 8 rt. 35 0*3 

C. Karakara, extr 34 47-3 

Mt. Camel, S pt * 34 49 

Parenga-renga Harb., coal pt. 34 30*7 

North Cape, islet 34 ^ 5 

C. Reinga * 34 2.6 

C. Maria Van Diemen, islet . 34 28*5 

Three Kings, NE one, NE pt. 34 6*3 

Reef Pt. W ent. of Ahaipara B. 3 5 11 

Uerekino, S pt 35 18*2 

Hokianga R., entr. fl. st. ... 35 32*1 
Manganui Bluff, 2()40f., bluff 35 46*3 
Kaipara Harb., shls. 1 1. 1 - 

I out, N. entr. head j ^ 2.4 3 

Manukau Harb.. Para- 1 . | 

tutai Islet at entr., fi. st. j 3 0| 

Drury *37 6 I 

Waikato R., Maratai Vill. ... 37 24*3! 
Whaingaroa Harb., Sentr.pt. 37 46*5 

Karehoa Mt., 2.‘i70f * 37 50 I 

Gannet Id., sum 37 37 1 

Aotea Harb., imtr. N hd. , . 37 59 
Ka Wliia Harb., LL], S hd. ... 38 4*9 

Albatross Pt., N extr 38 6*2 

Terua Pi 38 23 

Mokau R., entr 38 42-5 

New Plymouth, fl. st 39 3*6 

Sugarloaf Is * 39 4 

C. Eginont, extr 39 *7 

Mt. Egmoiit, 8270f. 39 i8 

Otumutua Pt * 39 32 

Waitotara Pt * 39 !;2 

R. Wanganui, N or C istle elilf 39 57 

R. Manawatu, N entr. pt. ... 40 27*2 

North Pari fir Oratn. ! , ' 


Kunrii 1.. I-nah-Kwoli, Cm. 

Shoal, [3m.] O 

Hummock I., [^m.], mid. ... 
Sandy I., EW 3m., W pt. ... 
Koo-kien-san I-, 15m.,) 

SW), W liin / 

— N extr 

Patchu.san I., -^p. N pt.,.. 

— Port Haddington, 33, W 1 

pt. entr j 

Island 


73 35* 

73 33*5 ^ 
73 ^5*2 ® 
73 >0 O 
73 17 g 

73 4'5 ^ 
72 41 
72 387 

72 9-7 


74 5S 
74 ‘17 
74 53'2 
74 5‘ 

74 3 7 
74 49 
74 49 
74 43'^ 

74 40 
74 3*'^*'’ 
74 5*^' 

74 3 

73 4<5 

74 

73 56 ^ 

74 44 

75 « 

75 *4*7 


Typinsan I., ^ 16m., E pt. 

— 1. off N extr., Ee-ki-mah j 

— I. off SW part, Koo-re-mah; 
Broughton rf., (wrecked ) 

1797) i ® 

Ykima I 

Hoa-pin-sul.,1181f.,NE side 
Tiao-yu-sul ,EW 4m.,^,mid. 
Raleigh rk., 2,701 


24 13 1^3 36 

124 4 123 ^9 

24 18 123 43 

24 26 123 47 

24 37 124 19 

24 25-0 124 5*1 

24 43 124 35 

24 43 125 29 

24 55 125 14 

: 24 42 125 13 

25 7 115 5 

24 23 125 13 

25 47 123 29 

^5 57 40 

1 55 «4 34 


Koomisang I., EW 8m., rk. 1 

S. 2m.), NW pt ) 

Tusima I 

Tunashee I., sum., C03f. 

Agunyeh pk., 300f. 

Amakirrima Is., W one, ) 

High I., 916f. j 

Loochoo Is., Grt. I., 4]^ 191., j 

Napakiaug, Abbey Pt j 

South Pt., (rt. ^8m.) 

— E extr.,C. Sidmouth, I. off 

— N extr., C. I lope 

— Hcrbertl., '^[4-2201., entr., J 

Port ( looting or Mel- > 

ville, 35, sum ) 

Sugarloaf, S 1 ., mk- for Port | 

Melville ( 

Montgomery Is., 1., [ 

N pt I 

Jori-.sima 

.lurabu-.sima, })k. G87f 

Sulphur 1., [Im.] 

Cofr)<t 0 / China confhtnrd Jrom ( 74)1 
Nankin. City, jiorcelain tow. 

.^!i'i-\vei-^han. rk. lOCf 

rsiuig Ming 1., 101., E pt. 

\ <lil pt.. NNE Cl 

A shl., '1,3^ 5m., 2 

Is. in G. of Whang ho, ) 

outer ) 

Whang-ho, or Yellow R ...0 

. 1 l ie-ehow, city O 

Power pt 

ivyau-idiau Harb., NE hill ... 

Ka-tili neaou I 

"urveyors 1 

Urh Taou, or Staunton 1 

Shan rung promontory, E pt.l 

\leestft T., small, rlts off 

We.i-hai-wei Harb., l$J, N ( 
pt., entr., T..eueung 1. ... j 

Che- low (h, SE-d 

Chung ^h:m 1., S extr., ^ ) 

7m-, S pt I 

W extr.of grp.,Ta-HeSh m, 1 
(Miatao Strt. vS-d.), 

3in., W pt 1 

E e.xtr., Ta-(diu-shan, [Im. 

N e.xtr., Sino-kin-'I'ao, ( Im.] 
Hwang cliiiig tao I., EW 2ni. 

< diimat.au Promontory 

Laiehau Bank 

•Sharp Pk., 2i36r 

Le-tsin, city, 7rn. inland 

Pei-ho R.. mouth 

Sha-lui-tien I., [3m.], bk. ^ 

Great Wall, E extr 

Kae-choo bk. 3 , (Sylph, 1832) 

Liau Ho Bar 

Hulu shan B. N pt 

Iron I., 750f. 

Llau-ti-slian Promontory 

Cap rk., 4U0f. 


Lat. N 

Lon. K 

26 * 

* 22 ' 

■» 6 ° 4 +' 

26 

35‘5 

126 

5 * 

26 

21 

127 

10 

26 

34*7 

J 27 

14 

26 

10 

127 

*5 

26 

12*5 

127 

42-2 

26 

4 

127 

4 * 

26 

47 

128 

21 

26 

5 * 

I 2 S 

*7 

26 

42 

128 

2 

26 

43 

127 

49-5 

27 

5 

128 

2-5 

27 

2 

128 

26-5 

27 

21-5 

128 

35 

27 

52 

128 

*4 

32 

2 

II 8 

49 

3 * 

^5 

122 

*4 

3 * 

28 

IZI 

5 ‘ 

3 * 

44 

IZI 

57 

3 ^ 

0 

122 

(J 

33 

0 

120 

40 

34 

4 

119 

.s« 

34 

35 

119 

“to 

36 


Jl.,. 

33 

36 

3 1 

120 

14 

36 

1 1 

120 

57 

36 

16 

121 

24 

36 

45*7 

122 

i 6*2 

37 

24 

122 

42*5 

37 

27 

122 

40-5 

37 

32 

122 

10 

37 

36 

121 

26 : 

37 

55 

120 

4 5 

37 

58 

120 


38 

2 

120 

57 

38 

21 

120 

5 ' 

38 

23 

I 20 

55 

37 

41 

120 

»3 

37 

28 

II 9 

44 

37 

0 

120 

0 

3,7 

43 

ITS 

21 

39 

0 

J 17 

+ 3 

38 

53 

1 18 

32 

39 

58 

119 

49 

40 

46 

121 

33 

40 

36 

122 

5 

39 

30 

IZI 

14 

38 

57 

121 

0 

38 

43 

121 

II 

38 

48 

121 

36 


Japan* 1 >L AN Ds « Is. off S. Coast I Corea, W. Coast 
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MARITIME POSITIONS 


Lat. N Lon. E 


Talien Whan Ray, cntr. San- ^ «o 

shan-tow Is., S extr } ^ ^ 

Encounter Rk., 2 38 3 

Round I., small, 200 f. 38 4 

Rock, like a junk, Shi-siau ... 38 5 
Hai yun-tau I., S pk. 111701 *. 39 
Low Barren Is., [ 1 1 .], W one 39 i 

Very dangerous sill O 38 « 

Daniel L, NS 41 .,^ mid. ) ^ a ' 

W side , O 3 * > 

Sir Jas. Hall’s grp., %) 
41 .,SI.,SWpttrlcs.()fr[ O ' 

Clifford Is.yUnexpl , W lim. O 36- 4; 

Lindsay I., SW pt 36 ; 

Basil Bay, C. Basil 36 

Corean Archipelago, nn-^ , 
explored, Guerin I. ... / ^ 

— Saddle 1 . EW ‘im., N pt. 35 

— Modeste I., l‘2Je>l*. 34 , 

— Ross 1 ., 19 ‘iOf 34 

— Thistle 1 ., N pt., (Mur- I . 

ray’s Sound, Et)... ] ‘ 

— Craig Harriet, 500 f O 34 : 

— Lyra I., small O 34 

Montebello I.,SW point 34 

Montravel I., 10411 ’ 33 

Parmer 1 34 

Port Hamilton. Obs spot t±i 34 
Quelpaert, 111 ., Beau- ^ , 

lort I. off NE part 1 

Port Chosan ,vv' ,b, Obs. spot 3 5 

Sentinel 1 34 

- C. Cloriard, 1 36 

Ping-liae B., outer I O 36 

Tsus-sima, NS 7 l.,Tbe Sound 34 
„ South I., 4]^ 7 1 ., S pt. 34 
Colnett I.,orKotsuSima. 800 f. 34 
Yki I., NS .3 1 ., islet off N end 33 
Goto Is.,-2|^21 l.,SW ext. Ose f 
Saki (W extr. of Japan Is.) ( ^ 
Tama-no-Ura, fS, S pt. entr. 32 - 
A.sses’Ears, 2, [Im.], S one,// 32 
llirado or Spex St., N entr. 33 
Nangasaki, Minage pt. ® .. 32 . 

Yenoi Sima, 600 f 33 

Kame-ura B, 10 , entr 32 

Dasima Saki 31 , 

Noma Saki 31 

Horner pk., 3069 f 31 

- C. Tschitschagoff, (S extr. ^ 
of Jap. Is. ) Satano Misak I 1 ^ 

C. Nagacff 31 

Oho-sima, S end 31 

C. Cochrane 31 , 

Akatnidsu Hd 32 

E extr., Sura Saki 32 

Kosiki Is., SW pt 31 

Nadiejda rks.„, O 31 

Taka-sima or Symplegades ... 31 
Tsukarase or Retribution 1 

rks., 10 . 3 f. ) 31 

Kuro-sima or Sta. Clara, ( 

2 l 60 f. sum 1 3 *^ 

Iwoffa-sima,VolcanoI.,2l(i!)r 30 
Take-sima, Apollos 1., HlOf. 30 
(Ingersoll rks., 450 f. SW ext. 30 
iPallaa rks. GOf., smuJl 132 


(28 37-5 

28 24-5 
[29 32 

29 51-5 

129 20 

130 3 

130 13 
130 8 

130 32 



Nagarobe or Julie, [1 l], 2297 f. 
Yakuno-sima, -j,, 51 .,C.Yatakc 
Tancga- slma, NS G 1 ., 'T, N pt. 

Disaster 1 ., E rks 

Pinnacle I., Water 1 

Kutsino-.sinia, 22301 '. 

Suwa-sinia. act. volcano, 2 7 OGf . 
Sandonor Macedonian rks. 33 f. 
Kikai sirua, H(i 7 f., Bunge- » 

low 1., [2 1.] ) 

Sikok L, W pt., or C. Misaki 

S extr., or Isa-saki 

C. Muroto-.saki 

E extr., or Kamoda-saki 

Hiogo, Kawa-saki 

Niphoii, S pt., 1 . off 

C. Sima 

Omae saki, Lady Inglis rk.lt. 

Iro-o-Saki, It., F 

Ycdo Ci. Yokoh.ania Ilospi- ^ 

tal srpiare, ^ / 

Tatiyama bay, Taka-.siiiKi ... 

(\ King, No- Sima It. F 

Inaboye-s;iki, It ] 

Toyoiua 

King Kasan I., [1 1 .] 

Port Nambu, S. Head 

NE pt., Battler Rk 

Vries T., [2 1 .] S end 

Redlield rks., lOf. Sourbcrn.. 
Kosu-siina, volcano 20001 ’. 

Mikura I., [1 1 .], mid G 

Broughton rks., G 5 f. 

Fatsizio, 182 Gf., S end 

Aoga-sima 

Bayonnaisc Jd., 2 Gf. 

Niphon, N pt., Omasaka-sima 

Tatsupi-saki 

C- Gamaley (Yokaisa) 

Bittern rocks, 18 f. 

Hatamnra 

Tabu sima, E extr 

Awa-sima, NE extr 

Tabou-sima, [1 l.J 

Sado I., % 13 1 ., N pt. Ya.saki 

— South pt 

Yutsisima, [2m.], ^ 

Astrolabe rk., small, 200 f 

C. Note, 700 t’ 

Oki Is., -4f r2 1.,Npt 

Miuo Sima 1 ., [1 1 1 , 4921 . ... 
Yezo I., 95 I., S extr., 'I 

or C. Sirakami J 

Ku-sima I 

O. Sima I., [2m.] O 

llakodadi ^ 

C. Yesan 

Volcano B., P. Enderino IP. 

C. Verimo (rks. off) 

Akishi B 

E- extr., C. Noyshap It. F ...j 

Skotan I., Pk 

Kunashir I.,-J ^21 I., NE pt. ! 

C. Sirotoko 

N extr., C Soya 

Romanzolf B 

RoGirsiri 1 ., N pt 




41 21 
4 ^ 31 i 
4 i 47 

41 49 i 

42 190 
41 55 1 

43 a-4 
43 

43 48 

44 as 

44 

45 31 
45 as 
44 ao 


'39 48 i 
'39 *9 
14c 43*7 
[41 10 
*40 59*5 
*43 15 
*44 5**7 

145 48 

146 40 

146 32 
145 a3 
14* 57 
1 41 48 
141 2 
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Taruri Is., W. I 

Oterrani 

C. Toniarnoy 

C. Tsiki 

Okusiri 1., ^4 1., S |'t 

Itourup I , ^ 43 1., S pt, \ 
C. Ricord J 

— ‘‘NEpt.,” A. pk 

Ouroup I., 17 1 .^ gw pt... 

Pyramid rk. off N and E pt .. 
Torpoy Is., 2 , ^ 3 1., N one 
Broughton I,, [I l.J, h, ••• 

Simusir I., 10 I., S pt., J 

or C. Rollin Pt \ 

— East Pt 

Ketoy 1., [2 1 ], S pt 

Ushishirls., grp.,4f^31., S pt. 

> — North and East I.,Sred- 1 

noy, [Im.] j 

Rashaul., [ 21 .],(rks. SW-d.) 

Matana I., Sarytcheff Pk 

Raukoko I., [I l.J, sum 

Snares, [1 1.], S 

Tchirinkotan 1 ., [11] 

Shiashkotan I., 4 l.,raid..,. 

Ekarma I., [I l.J O 

Kharamaraoukotan l.,sum..., 
Ounekotan L, 2 1., SW pt. 
Monkonrushy 1., [21.], mid. 
Poromou.shir I., ^ 20 1., S pt. 

Shrinky I., [2 l.J 

Soumahou 1. , NS 31., mid..,. 
Alaid I., [21.], mid 

Carean Coastf contin./rom (ll\) 3 . 

Dagelet I., [3m.], t, NE pt. 

C. Duroch 

Broughton B. isl. Hodo 

|C. Bruat, 1542 


Expedition bay, Tcln 


Vostock B. Gaidamak Harb. 


Olga bay (Port Michael "I 


I Shelter B 

ISuffrein C 

I. de la Prise.. 


Castries B., Alcxandroo.ski . 
Pic Lamanon, outer (>ape . 


1 Dangerous rk 

jSalmon Cove, Japanese Fac- 
tory, 4; W 

IC Aniva 


Lat. N 

Lon. E 1 

1 

44' 

>* 4 ' 

141 

^16’ 

43 

II7 

141 

0-7 

43 

23 

140 

s8 

42 

38 

139 

48 

42 

9 

139 

27 

44 

29 

146 

34 

45 

38 

149 

14 1 

45 

39 

149 

34 

46 

17 

150 

30 

46 

33 

150 

37 

46 

42 

150 

28 

46 

49 

* 5 * 

37 

47 

1 1 

152 

8 

47 

17 

152 

24 

47 

33 

152 


47 

39 

152 

44 

47 

47 


55 

48 

6 

»S 3 

12 

48 

16 

‘53 

*5 

48 

35 

*53 

44 

48 

44 

‘53 

24 

48 

5 ^ 

*54 

8 

49 

0 

•54 

8 

49 

8 

•54 

39 

49 

»9 

•54 

44 

49 

5 * 

*54 

32 

50 

SO 

>55 

26 

50 

10 

'54 

58 

40 

46 

1 :;6 

26 

50 

54 

' ^"5 

32 

37 

33 

130 

56 

38 

43 

128 

*4 

39 

44 

|I27 

34 

40 

5a 

I129 

44 

42 

17-6 

i 3 o 

37 

42 

379 

1 30 

447 

42 

33-8 

* 3 * 

10 

■ 43 

2 

,* 3 * 

537 

. 42 

44' 6 

132 

*57 

42 

517 

132 

41*5 

. 42 

44 

I132 

5 * 

- 4 ^ 

48*6 

132 

537 

. 42 

43*8 

*33 

42 

42 

49-6 

,*33 

30-0 

. 42 

54*2 

t *33 

505 

43 

41*2 

*35 

* 3 'a 

43 

537 ! 

*35 

26- 

44 

30 

136 

0 

47 

50 

.38 

44 

48 

58 

140 

24 

50 

32 

140 

30 

5 ‘ 

28 

140 

49-5 

48 

46 

141 

40 

47 

44 

* 4 * 

57 

46 

8 

14* 

12 

45 

54 *a 

I41 

58 

45 

47 

142 

9 

46 

4 » 

14 Z 

33 

46 

2 

*43 

30 


Lat. N Lon. E 


C. Tonin 4 

Robben I., and rf., NE pt. ... 4 

— South-west pt 4 

• C. Soimonoff 4 

C. Patience 4 

C. Delisle de la Croyere 5 

Down’s Pt 5 

C. Loevenstern 5 

N extr., C. Elizabeth 5 

C. Maria 5 

C. Golovatcheff 5 

C. Romberg, at mo. of R. ( 

Amour ) ^ 

C. Khabaroff 5 

Reinecke 1 5 

ShantarIs.,EW201.,Eone, I 
I. Procotieff, [4in.], Ept. I ' 

R. Ouda, mouth 5 

St. Jonas I., [Im.], 5 

Okhotsk 5 

C. Bligan 5 

C. Pyagin 5 

C. Ongon 5 

Bolsheretsk 5 

C. Lopatka 5 

Mt. Vilutchin, 70’f)0f. 5 

Avatcha B., 1^, E entr., It. ... 5 

— St. Peter and St. Paul, Ch. 5 

- C. Shipounsky 5 

Kronotsky, pit., 10,610f. 5 

C. Kronotsky 5 

Klnrhevski, vole , 16, 13 If. ... 5 

C. Kamtehatka 5 

Behring 1, ^ ICl , W pt. ... 5 

— South pt 5 

Copper, or Mednoi I., S pt.... 5 

C. Stolbovoi, A, 1 s 

C. Ozernoi 5 

Karaghinsky 1., 20 1., N pt. 

— South pt 5 

C. Olutoisky 5 

C. Navarin, h 6 

Bay of Archangel Gabriel, ) ^ 

NE pt., or C. King 1 

C, St. Tljaddeus t 

r R. Onemene, I. at mouth ( 

I B. ot St. Croix, entr. E pt*.,. ( 

C. Behring ( 

C. Tchoukotsky t 

C. Tchaplin, /, pt ( 

Arakamchechen I., E pt ( 

Metchignie B., entr., pt. /. ... ( 

C. Krleougouu ( 

St Lawrence B., E pt. entr. i 

E Cape, SE extr < 

C. Serdze Kamen < 

Burney, or KolioutchinI.,Spt. ( 

Herald I ' 

; Kellett land, C. Rainer ■ 

» ■ — N. extr., .seen ... ' 

, Mount Long ... 

i C. North < 

C. Chhlagskoi 

Bear Is., E or Column I 

— West oue 

Mouth 8 oftheTndigirkaR.,Ept 




Smith Sound. Jiuy Davi^ Strait (iretnland^ JEasl Coast A.$1-A, iV Coa^t 


MAKITIME POSITIONS 


C. Sviatoi 

Lvakh.)vski I., S pt 

Liakhov Is., EW 7() 1., New \ 

Siberia, K pt j 

C. Mouraclic, nio. of the lana 
Lena ll„ mo., N, or It. lio pt. 

Olensk R., mouth 

C. Clieluiskin, N. extr. of Asia 
Yenisei Gulf, VV pt., or N E \ 
Cape of Gulf of Obi .... J 

Blelol I., C. Schubert 

Obdorsk 

Shannon Id., 8 1., S pt., 
or C. Philip Broke J 

- Pendulum Is., 2, ^ 5 I 

C. Borlase Warren 

C. Broer Roys, 20 I 

Bontekoe, EW 3 1., SE pt. ... 

C. Parry O 

Traill 1., C. Youn^ (; 

Canning I., C. Wardlaw...Q 
Liverpool I., NS 23 1., S pt... 

— Church Mt., 29()Tf 

Rathbone I., E pt 

C. Brewster, 1 

C. Barclay, E pt 

Staten hook > 

C. Farewell, \i.s. .SO 1 

Fredericks! laub Ch 

C. Desolation 

Lichtenfels 

- Godthaab F. 8 

Uolsteinhurg 

WhaleHsh Is., Kronprind-'\ 

sens I., ^ fl. St j I 

Disco I., ^ Issungoak pt. ... 
— North ])oint, Iglorpait 

— Godhavn 

Waygat, or Hare I., [5in,J ... 

Black Head 

Sanderson’.s Hope 

Upernivik 

C. ShacklelOM, 1400 

Devil’s Thumb 

Red Head 

Sabine’s Is., SW one O 

C. York, Imrnagen 

C. Dudley Digges, i , 800f . 

^ Wostenholme 1., ^ 2 1 

Carey’s Is., Southern 

C. Parry 

Hackluyt Id., West pt 

C. Alexander 

C. IsHhella 

C. Sabine 

Rensselaer B 

C, Louis Napoleon 

C. iVPClintock 

. Joe I 

? C. Baird 

s Thank -God harb 

5 Discovery harb 

C. Union 



Lat. N Lon. W 


141" 

30' 

140 

*5 

150 

30 

*35 

30 

126 

30 

118 

50 

105 

0 


74 40 
74 H 

71 

73 29 

72 22 

72 16 
71 47 
70 26 
7 * 4 

70 40 
70 I J 
69 13 
59 50 

59 49 

61 59 

60 44 

63 3 

64 10 
66 56 

68 58 9 

69 39 

70 19 

69 13-9 

70 27 

71 38 

72 42 
72 46 9 


73 

44 

74 

20 

74 

58 

75 

25 

75 

55 

76 

8 

76 

27 

76 

40 

77 

26 

77 

19 

78 

1 1 

78 

16 

7 

43 

78 

37 

79 

38 

79 

58 

81 

22 

81 

32 

81 

37 

81 

43 

82 

‘S 


5* 55 
54 36 

53 4^ 

54 45 

55 50 

56 15 

56 27 

56 40 

56 47 

57 15 

58 50 
66 33 
68 43 

70 5 
72 41 

71 8 

72 30 

73 21 
75 33 

74 *5 
70 53 
72 19 
70 50 

b 3 31 
64 ,2 
61 37 
64 46 
61 S 


C. Sheridan (Sir G. Nares") 

wintered 187.5-6) / 

C. Bryant 

Mt. I looker 

C. Britannia 

C. .losiph Henry 

C. Columbia 

C. Alfred Ernest 

Port Foulke 

Clarence Head 

Cobourg Id., Princess Char- d 

lote monument J 

C. Horsburgh 

C. Osborn 

C. W’arrendcr 

- C. Bulleii 

(\ Hurd, 1 

C. Riley 

('ornwailis I., C. Hothain ... 
N. Cornwall, Mt. Greenwich 

Grifhth 1., ^ 8 1., S pt 

Lowtiier I., I., S pt 

Bathurst 1., SW pt., C. 

Cockburn, A J 

Byam Martin 1., C. Gillmau 
Prince of Wales land. Pal- \ 
meiston pt J 

— Pt. Allen Young 

— ('ape Swinburne 

Melville l.,-6l®-44l.,Win-l ’ 

tei Harb. (Sir K. Parry > S 
wintered 1819-20) ...J 

— - W. extreme, Russeil... 
> — N. extreme, Markham I.. 

Prince Patrick I., Land’s End 
Polynia Is., Ireland’s Eye ... 
Banks’ Land, C. M’Clure ... 
— Bay of Mercy (Investi- 'I 
gator abandoned 1853) j 
— Nelson hd 

— C. Kellett 

Prince of Wales .strait, Peel pi. 

— Princess Royal Is. I 
(M‘Clure wintered, > 

1850- 1) J 

Ilam.say 1., Prince Albert j 

land (Collinson wintered > 

1851- 2) J 

_ C. Kennel, N. Somerset 

Leopold L., N one, 1, E pt. j 

Port Leopold 

Hatty Bay 

Fury Pt. (H.M.S. Fury 3 
abandoned Aug. 1825: Sir > 
J. Rons win red 1832-3) J 

C. Garry 

Bellot Strait, Pt. Keiineciy'l^ 
(M‘Clintoek wintd.l 858-9) J 
Victoria 1 1 arb., ( Ross aban- 
doiicd theVict(»ria 1831-2) J 
Felix Harb., M Diarmid 1. 

( lloss wintered 1829-30) J 

C. Chapman 

Rae Isthmus, C. Simpson ... 


82^26' 


74 47*2 110 48*? 


72 45 117 44 


71 36 1^9 


72 40-5 91 S 3 

72 23 93 »7 
72 2 94 14 


69 58-7 92 I 

69 1$ 89 o 

67 20 87 a 
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Lat. N Lon. W 


Lat. N Lon. VV 


Nikolas Pt 70° 2 

ii* Magnetic* Pole (I8."il) 70 

V'ietoiia Snail ( Erebus and 'I . 
Terror abaiuloiitd IS4M)J ^ ^ 

^ r. Felix 69 5 

«) Pt. Franklin 69 2 

.£ C. Ilerschel 6JJ 4 

Balfour 13. ( Dr H.ie) IS.ii... 69 
Castor and Pollux R , | 

(Dcase and Simpson 68 2 

1839) J 

< Pt. Ogle 68 1 

J Smith Pt 68 2 

O’Reilly I., [4l.], NW id ... Cb 1 

White Bear Ft 6(S 

-Melbourne J., EW 6 1., E pt. 68 3 

- C. Alexander 68 5 

u C. Franklin 68 3 

f Victoria Land, Pt. Back 69 

S Gate.shead 1 70 2 

^ — Cambridge B. (Collin-) ^ 
son wintered 18.5L-.3) ... J ^ 

— S. pt., or C. Ludy Franklin 68 3 

C. Kru-'cnsfern 68 2 

t'opperinine B., mcutl),E siric 67 4 

C. Bexley 69 

Sir S. Clerk’s I., SE pt.- 169 2 

Keats Pt 60 4 

C. Parry, NE pt 70 

C. Batluirst 70 1 

Wairen Pt 69 4 

Pelly Is., [1 1.] 69 3 

Mackenzie R., Shoalwater B 68 4 

Mt. Cupola 68 4 

Herschel I., S pt 69 3 

Pt. ^Manning 70 

Camden B. , (Colllnson) 

wintered 185—4) J ' 

Flavmaii I., 50f., N side 70 i 

Return Reef. O 7° 2 

Pt. Beechey 7° 2 

Pt. Barrow (Noowook) 71 2 

Pc»rt Mouic, (Maguire win- | 

tered 1852-4), Magnetic I 71 2 

Observatory J 

Boothia (?., resumed from (llfi) 4 
C. Englefield, Fury and \ ^ ^ 

Hecla* Strait J ^ ' 

- C. Hallo well, (N head of do.) 69 < 

•ta C. Kater 7^ ‘ 

I Shercr’s Mt 7.3 

^ Port Neill, m, N pt 73 

Port Bowen, (Parry win- ) ^ , 

.. tered 1824—5), Stony 1 . f 

esj C. York e 73 f 

«B C. Cranford 0 73 A 

4 C. Hay 73 i 

.^•Possession Mt 73 3 

^ Ic. Walter Bathurst 73 2 


97 55 

99 10 

98 z 

94 21 r 


95 o 

IC3 36-7 


113 10 

i»3 4» 

; »T5 31 ? 

115 52 
11825 


C. Graham M«)i*e O 7 ^ 

C. Bowen O 72 

C, Adair O 71 

Agnes’ Monument, 1, 40f. O 70 

C. Kat.r O 69 


C. Searle O 67^17' 

Cape Dier O 66 44 

Mt. Raleigh, h O 66 34 

C. Walsinghani O 66 o 

C. Dacres O 65 36 

Leopold I., [.hn.] O 64 54 

Cumberland Sd., Nijad- ) ^ 

look H. j ‘'5 5 

— Kingawa Fiord 67 8 

. I — Harri.son point 64 55 

SQ Hall I., Mt. W.iiwiek Q 62 33 

Frobisher B , Jordan R 63 45 

Resolution I., % 13 1., E) ^ ^ 

^ ,.t.,orC. \Vw.vic-k...)0 

— S pt.,or Hatton’s Head-) ^ 

- land, or C. Best f ^ 

Ijower Savage 1 61 35 

Saddleback 1 O 62 11 

Middle Savage Is 62 12 

Upper Savage 1.,^- 3I., Kpt. O 62 33 

North Blutl’ 62 32 

King’s Cape O 6.4 27 

Queen’s C O 64 45 

C. Weston O 65 35 

(’. Dorcbe.sti r O 65 30 

Pt. Peregrine, ( Fox’s fur- ) ^ rr ^ ^ 


tbost N Eward, 163 1 ). J 


O 66 .35 


** 54'5 

86 40 

^3 47 

80 o 

77 12 
76 44 

76 20 
75 28 
70 48 

68 15 
66 53 


Cbidreigb, h 60 28 

Button Is., NS 3l., vis. 7 1 ., ) ^ 
vtl' * ; 60 45 

Green I., NP) pt 61 2 

-Akpatok I., [20 1.], E pt.. o 10 

C. of Hope’s Advance O 20 

C. Weggs O 6.. 25 

^ Charles 1., E pt O 62 44 

'g — West pt ’...O 62 50 

S C. Wostenbolme O 62 35 

a Digges Is., W extreme O 62 37 

^ Nottingham I., ^14 1.,) . 

S pt., (5 sbl. 7m.) ... J 
Salisbury I., 9 1., P'^ pt. ... 63 27 

Mills J., N pt O 64 7 

^ C. Konig O 69 28 

^ Igloolik I., low 9.n., 1 
.2 (Parry wintered, 1822- ® 69 21 

*0* E pt J 

Arlagnuk 69 12 

- Ooglit Ps 68 58 

^ Ooglit I., [2m.], /. 68 24 

C. Jermain ’ 67 47 

C. Penrbyii 67 25 

^ Winter I., % lOm., /, S ] 

pt., or C. Fisher (Parry > ® 66 11*4 
wintered, 1821-2) ...J 
Baffin I., ^ 7m., SE pt. ... 65 40 

Repulse B., head 66 40 

Wager R., S cape of entr. ... 65 10 

^ Southampton 83 1., ) ^ ^ 

N E pt., or C. Comfort J 
-JJ — E extr., or Seahorse Pt. o 63 40 

§ — C. Pembroke O 63 37 

3 — S ^xtr., or C. South-) L ^ 



Labrador , HudsofC 8 
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MARITIME 
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(121) Places 

Lat.N Lon.Wj 

1 (122) Places 

Lat.N 

Lon. W 


South Maker's ledge, [IJ] .... 

C. Whittle, (rks. ^ 3ra.) 

Natashquan Pt., S edge, (R. 1 

mo. 4" 4”* ) ) 

MJngan Is., £W 15 l.,Bowen 1 

^s., £ extr j 

Collins' shl., 2rn., 7 , S pt. 

Clearwater Pt., SW extr 

Mingan patch, [im.], ? 

Riv. St. John, entr. E pt 

Seven Is., E one, or Grt. 1 

Boule, [2m.], 695f. / 

Grt. Cawee I., [fra.], 250f. ... 

Pt. Monts It., F 112f. 

Quebec, N£ bastion 

Quebec Observatory 

Wolfe &Montcalm’sMonumcnt 

Green I., It. F 60f. 

C. Chatte, extr 

St. Anne's Mounts, NE one , ) 

3973f. j 

C. Magdalen, (riv. E-d.) 

C. Gaspe, flower pt., rk. off, j 

Douglas town, w 

Anticosti 1., % 41 1., E pt., or \ 
Heath Pt., It. F llOf.,®..) 

Shallop Creek, g), entr 

South-west Pt., 2, It. R 1"*, \ 

lOOf., E j 

Ellis Bay, gl> W entr., or C. 1 

Henry j 

Bonaventure I., [IJm,], 1,1 

250f., II E ) 

Leander shl, [^m.], a 

Macquereau Pt 

Chaleur B. , Carlisle 

— Dalhousie I 

Miscow I., TjP- 8m., NE pt., ) 

Pt. Birch j 

Miramichi B., Portage I., 

4ra., N pt f 

Pt. Escumenac, It. F 70f. 

Richibucto Harb., 03, mo 

Fort Monckton 

Prince Edward's I., % 331 ., ) 

N Cape, (rks. l^m.) j 

Richmond B., SI, Royalty Pt... 

East Pt 

Charlotte town, fort George , ) 

fl. st j 

Magdalen Is., 19 1. 

— Bird Is., 2, [7c.], E one, 1 ^ 

— Bryon,or Cross I.,% 4m., 1 

w, E pt / 

— East I., E extr 

— Doyle if., [3c.], s , J 

— Entry I.,riim.], 580f., i... 

— Amherst 1., 550f., w, B, \ 

SW pt / 

— Deadman I., [3c.], J \ 

rf. E j 

St. Paul 1., 3m., 450f., w\ 

SW,lt. atNpt. F140f...) 


5o« 9 ' 59 ° 5 ^' 
50 II 60 8 

50 6 61 44 

50 14 63 I 
50 10 63 5o 

50 12*6 63 27*7 
50 9 64 9 

50 17-264 21-0 

50 9 66 18 

49 50767 I 
49 197 67 22 
46 49-1 71 137 
46 48*5 71 12-2 

46 48-6 71 13*5 

48 3*469 26*0 

49 6-0 66 46-0 

48 52 66 49 

49 15-665 22*0 
48 45-264 10*0 

48 46 64 23 

49 5*461 45*^ 
49 9 62 35 
49 23*863 36-0 

149 47*864 23-5 

48 29 64 10 

48 25 64 18 

48 12 64 48 

48 I 65 16 
48 4*466 22*2 

48 I 64 31 

47 14 65 2 

47 5 64 46 

46 42 64 51 

46 3 64 4 


46 34*063 43*ol 
46 27 61 58 

46 14*0 63 7*0 


47 51*061 9*7 

47 48*061 25-2 

47 37*761 24*5 
47 35 61 15 

47 17 61 42 

47 14 62 2 
47 16 62 14 
47 14*0 60 9*0 


C. Breton I ., 33 l.,C. North! 47° 3' !6o‘’25' 

St. Ann’s Harb., EB, w, E pt » j 4 

entr f ^ ' 

Sydney Harb., It. at E) .e, .c o 

Scatary I., EW 21., 3 E, 1 ^ 

NEpt.,U.Kli">90f.,S2m./ ® 59 4« 

Louisburg, w, b F 120f..... 45 53 59 57 

C. Portland 45 50 60 6 

C. Hitchinbroke 45 34 60 42 

Madame I., EW 9m., S pt. ... 45 28 61 3 

Port Hood, ®,w,b, Just-au-) g ^ ^ 

C. St. Lawrence 47 2 60 38 

Sable I., EW 7 m,E end 43 59 59 46 

NW bar, NW extr., 9 44 1 60 38 

Pictou Harb., ia,jlts. 2 F...® 45 41*562 40*; 

C. St. George 45 52 61 52 

Gut of Canso, NW entr., It. ) . . .,.0 

ChidebuctoB,, C. Canso, (off 1 ,0 .e. 

Eextr.ofNov.Scot.)..\..) >8 60 56 

“2m. 56’< 
White Head L’,'s*pt ‘FUO« 5 61 8 

Country Harb., ffi. Green 1. 1 g 

Wedge 1., 200f . } 45 ® 61 53 

Liscoinb Harb., I. at entr. I .. -o 61 e6 

E pt J 44 59 

Ship Harb., ffl, Briers’ I., j 

w, b, Bear rk. 8f. ] ^ 

Brigrk., ^f., T 44 38 62 57 

Pollock rE., [ic.], 2if. 44 33 63 5 

Halifax, 01, (Et Dkyd. tablet 44 39763 35*5 

Sambro I., It. 115f., 3 2m 44 216-3 63 33 

Pennant Pt 44 217 .63 37 

Margaret's B., Shut-in I. .. 44 34 63 54 

Tancook 1 44 29 64 6 

Malaguash Harb., Cross) 

I., [l^ra.], It., 21ts. Vert. } 4420 64 7 

dist. 3 If. ) 

C.Lellave 1, 107f., (Black 1 g 

rk. Im.) ^ t-r 

Coffin 1., It. R 2‘" 80f. 44 3 64 36 

Little Hope I., [2c.], 21f. 43 49 64 45 

Gullrk. F51f. 43 4° 65 7 

Shelburne Harbour, ^ , ) 

M‘Nutt's I., SE pt., 1, r, [ 43 37*5 65 >6 

w, 2 Jts. F vert ) 

Brazil rk., [3 yds.], sf. 43 22 65 25 

C. Sable, (SE pt. of small I., ) 

I, Wend advancing Im. > 43 24 65 36 

in 4 y^rs), 1, 3 3m ) 

Blonde rk., small, 3 43 *0 65 57 

Seall., [2ra.],Spt., 3lim., 1 g. jg 

t, It. F ) 43 24 5 3 

TusketIs.,Pubnicoharb.,ffl, ) azzi 65 5* 

r, w, b, entr ) 43 3/ 

Gannet rk., 36f., (3 shl. \ o 55 6 

J- 2m.) } 30 

C. Fourchu, A, 1^- I*- 1 a-j a7 66 10 

117f. / ^ 

Lurcher icE., 3, small, laf. 43 52 66 »5 

C.StMary 44 7 ' 

Bryer’s I., 4m., It. F 92f. .. 44 ** *’ 
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Lat.N Lon.W 


Lat.N Lon.W 


Annapolis barb., EB, Ft. Prim, 1 

S side entr a It. F > 44°4i' 65^45' 

dow). 76f. ) 

Black rk. Ft. It. F 45f. 45 10*864 48 

45 is-. 65 o 

C. Chignecto, A, j 45 19*064 58 

C. Enrage, It. F ISIf. 45 36 64 29 

^ Quaco, It. 20* 45 23 65 xo 

I Quaco ledge, [I* 1.] O 45 14 ^5 

I C. Spencer 45 12 65 55 

js St. John’s,®, Partridge I., \ a, 

lt.F119f.. |ffi45.4-.6S 3-5 

I C. Lepreau, Its. 2 F vert 45 3*7 66 27 

“ Etang, barb., ®, tower S pt.... 45 4 66 49*0 

St. Andrew’s, ®, S pt. It. P.. 45 4*3,67 3 

Passamaquoddy B., Campo- 1 (.a 

belloI .lt.Npt.,F64f...l ^ 57 66 55 
Quoddy Hd., It. F i33f. 44 48 66 57 

Old Proprietor shl., [Jc.], rf. .. 44 30 66 37 

Grand Manan, 14m., w, 1 cc 

r, ||W,S<,NEpt 4446 6643 

Gannet rk., small, It. FI. 44 30 66 46 

Libby I., off Machias B., 44 32*5 67 22 

Machias Seal Is., 2 Its. \ ^ « 

F J 44 29 °7 5 

Nash’s I., entr. Pleasant R.,1 
Fr 47f. J 44 *7 67 43 

Petit Manan, S pt.. It. FI. 2“ 1 L., 

125f.(5 2 to3m:) j 44 « 67 5^ 

Baker’s I., It. FI. H 105f. 44 13*5 68 8 

Castine, It. F llOf. 44 *7 68 45 

Owl’s Head B., It. NE pt. F.. 44 4 68 59 
Mt. Desert rk., It. F 65f. bell.. 43 58 68 8 

iCashe’s Ledge, 7^T» ^ •• 4^ 56 68 51 


I. Haute, -jP- 5m., Saddleback \ 
Ledge, to E-d., It. F 51f.. j 
Matinicus I. and rks., [4m.], 1 
21ts. onSrk., F 76f.....j 
White Head, X, It. F, \ 

70f. [ 

Manhegaii I., [Im.], y. It. \ 

R !«> 175f. ) 

Penmaquid Pt., It. F 75f. 

Townshend Harb., It. F 61f. ... 

Seguin I., It. F 170f. bell 

Cashe’s ledge, TI, [Im.] 

■ Portland, ®, City Hall 

— It., W entr., F 80f. 


C.Elizabeth,2 Its., [SOOyds.], 1 
R2™,Elt.F,(iS8.-fe4m.).) 
Wood I., entr. Saco Harb., \ 

It. R Im 63f. / 

Agamenticus Hills 

C. Porpoise, Goat I., SW part, \ 

It. P38f. :.....) 

Bald Head 

Boonl,[Im.],I,lt. F133f... 

York Harb., IB" 

Whale’s back, It. FI. \ 

58f....r. \ 

Portsmouth, fort Constitution » 
j It. F70f. / 


43 59 68 36 

43 46 68 49 

43 57 69 4 

43 44 69 18 

43 48 69 29 

43 48 69 36 

43 41*6 69 44 

42 50 69 4 

43 39’* 70 15'* 

43 39 70 17 
43 33*670 11*5 
43 27 70 19 

43 *3 70 4* 
43 ** 70 as 

43 13 70 34J 
43 8 7029 

|43 9 70 39 


43 3*5 70 43 


Is. of Shoals, [3m.], S orl 
White I., ILR*^ li® 8^7f.) 
Newbury Port, IB, bar 6 f., ] 

2 leading Us. F on N pt. | 

of Plumb I., movable ) 

Ipswich Bay, 2 Its. R, F, E It. 
Annis Squam harb., (B, It. F 50f. 
C. Ann, Its. NS, on Thatcher \ 
I.,(2m.off),2F98f.,Nlt., 

(Salvages N-d., 2m.) ) 

C. Ann Harb., ®, It. on Ten 1 

Pound I., F 49f j 

Salem, City HaU 

Baker’sI.,[Jm.],2lts. F87, 64f. 

Marblehead, It. F 43f. 

. St. George’s shls., EW 7 l.,l 

SW, or shl. part, 3 j 

Little George’s, [5] 

Boston, Cambridge Obs... 
— N side, main outer entr., \ 

It. 11 U'" 87f } 

Scituate, IB, U. F. 49f. 

Plymouth, Gurnet Its., ) 

2 F 93f. j 

Barnstable, IB^^, bar., It. F 33f. 

Billing.sgate L, It. F 40f. 

llace Pt., It. FI. 35f 

C. Cod, liigh, or Truro, It. 1 

F 171f. ) 

Long Pt., C. Cod Ilarb., ®, \ 

It. F 28f. j 

Nausset, 3 Its., F 93f. 

. ! Chatham Harb., 2 Its. F 70f., \ 

Monomy Pt., It. F .33f. 

Pt. Gammon, It., (shl. E 6m.) 1 

F 70f. } 

Nantucket L, EW 5 1. , (Shis. ) 
“llips.”E-d.41.), N, or} 

Sandy Pt, It F 70f. ) 

— Brant Pt, town, It. F 43f... 
Nantucket, S shls., old do.,\ 

2^m., N pt j 

— New do,, EW 2.^m., S pt. 3 f. 
^ Martha’s Vineyard, EW 6 1., 1 
N E pt, or C. Poge,lt. F 55f. ) 
— HolmeslIarb.,®,W Chopl 

It. F 60f. I 

— Wpt, GayHd., It Fl.lO*/ 

172f. \ 

Noman’s Land, [Im.], stat . ) 

mid. j 

Cuttehunklt, F 42f. \ 

at S and W pt. of Id. ... ) 
New Bedford, Dumpling, 
or Round Hill It. F 43f., 
(Clarke's Pt It., N43'^E j 

ofdo.)F57f. 

Seaconnet Pt 

g Bristol, Episcopal Ch 

, Providence, College 

J Newport, Court House 

5 Beaver tail pt., or Rhode I. \ 

5 lt..lt. F80f. ) 

Pt. Judith, U. R U™ 67f. 


42° 58^ 70° 37' 
42 48*5 70 49*0 

4* 4» 70 47 

41 39*8 70 41 

42 38*470 34*7 


42 31*570 
42 32*270 , 
42 30*270 

41 43 67 

41 15 68 

42 22*5 71 


41 43**70 

41 51*670 

42 3*770 


42 2*1 70 10*5 
41 51*669 57*2 
41 40*369 57*2 
41 33*670 0*0 
41 36*670 16*2 

41 23 70 3 

41 17*570 5*2 

41 5 69 50 

40 57 69 50 

41 25*270 27*5 

I41 28*870 36*2 

I 

41 20*970 50*5 
41 15*270 49*0 
41 25 70 57 


41 32*170 55*7 

41 26*571 13*5 
41 40*071 17*2 
41 49*671 24*7 
41 29*571 19*2 

41 26 71 Hi 
41 23 7J 30 
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Stonington, town, S pt., It . ) 

F 50f. J 

New Lomlon, It. W entr. F 86f.. 

Goose I., It. FI. 98f. 

New Haven, It. on Five \ 
mile Pt., F 93f. j 

— Yale College 

Norwalk I., It. 1^® 40f.... 
Block I., NS 5m., N pt., ) 

2lts. F50f. j 

Long I., -gis. 34 1., E, or Mon- ^ 
taukPt. . It. F 160f. (rf. 2m.) j 

New York, City Hall 

Fort Tomkins, It. F 89f. 

Prince’s Bay, It. F 107f. 

Sandy Hook, 3 Its. F 90f. 

— It. T., T5, 2 Its. 45f., ) 

45f. j 

Nevisink Its., 2, [100 yds.], 1 

S It. R 248f. j 

Barnegat Inlet, S side, It. F, \ 

(shl. 2m.) j 

Little Egg harb., Tucker’s | 

I.,Npt ) 

Grt. Egg harb, [Q, bar, entr....| 
Five -fathom slil., % 4m., \ 
3, It. v. SlV’d. rn y,! 

2 Its. F ) 

C.May, (shls. SW),lt.RUml | 

84f. j ' 

Brandywine slil., It. v. W ofi 
S pt. y, 2 Its. 40, 50f. .•• ) 

Kufg I., It. F 45f. 

ICnh.inzcy Creek, It. F Ifif. . ... 
i Philadelphia, State House...© 

i Heed I., It. F55f. bell 

15 imbay Hook, It. F 4Gf. 

Salem, City, Chureh 

Mahon's Ditch, It. F 30f. 

C. Henlopen,(S21.SW),lt. 1 
2F 180f. 33f. j ® 

— Beaionlt ,W end of Break- j 

water, FI. 47f. bell... f 
A.sseateague 1., G 1., /, S ) 

end. It F shls. off. i 

Smith’s I., ^ 10m., I, E pt., [ 

It. R ) 

•C. Charles, (shls. off) 

Baltimore, Battle Monument 

Annapolis, State house 

Pt. Look-out. It. F 

Washington, Capitol 

j Washington Naval Observatory 

.New Pt. Comfort, It. F 

Back river pt., It. R 1 

35f. J 

C. Henry, It. F 129f. 

Oregon Inlet, It. rev. 90f. 

C. Hatteras, /, sand. (shls. 31. ) 

SE), It. FI. 150f. f ! 

Ocracock Inlet, It. N side, F ) 

75f. i 

C. Look-out, (shl. -jj 3 1., Z,) 1 

It. F 156f ] 

FortHampton,Beaafortinlet, 1 
bar ifff. 2 Us. F j 


Lat.N 

Lon.W 

1 0 

41° 19^6 

7 i° 54'5 


41 18-9 

7 ^ 5*7 


41 13 

72 42 


41 14*5 

72 54*5 


41 18-5 

7 ^ 


41 2*8 

73 ^ 5*5 


41 13-4 

71 35 

Q 

•S 

s 

41 4*2 

71 52*0 

a 

40 42-7 

74 0 


40 36*0 

74 3*5 

s 

40 30-4 

74 13*2 

cq 

40 27*6 

74 07 


40 27 

73 52 


40 23-7 

73 59*5 


39 45*9 

74 7*0 

0 

0 

39 30*8 

74 > 7*5 


39 19 

74 35 


38 51 

1 

74 36 


38 55*8 

74 58-5 


38 59 

75 8 


39 10-4 

75 9 


39 ^5 

75 J 7 


39 57*0 

75 9*5 


39 30 

75 35 

rS 

39 aJ '7 

75 3 < 


39 34*5 

75 36-0 

0 

39 10 

j 75 -5 

38 46-6 

i 75 6-0 


38 47*8 75 6-7 



37 55 75 


37 7 75 5^ 
39 I7'476 37-5 

38 587 76 297 

38 2 I76 19 

38 53-4j77 ro 
38 53-6|77 27 

37 16 170 Id 


36 56 76 o 
35 48 75 32 
35 *5 75 y> 
35 6-575 
34 37 76 36 
34 4a 76 41 


New Inlet, Federal Pt., It. 1 

F 46f. i 

C. Fear, shl. 5 1 

Fryingpan shls. It. v. 2 Its. ) 

F 4()f. j 

Smith, or Bald-hd. I., It. F ) 

107f. ] 

North I., S pt. bar ST.,! 

« entr.. It. F 85f. J 

Georgetown 

S C. Roman, I, It. R 87f., ) 

(shl. SE-d. 6m.) ( 

Clwrleston, 00, fort Pinckney © 

I — Light, F., Sullivan’s I 

^ N Edisto Inlet 

Beaufort, Arsenal 

” PortRoyal, [IJ,cntr.,lt.v.,y 
Savannah Riv., CS, S entr., 1 

It. F 150f. j 

— Town, exchange 

o Sapello Sound, bar 

Sj l)oboySound,Npt.,lt.R5® 74f. 

g Darien, town 

^ St. Simon’s I., It. on S pt., F 80f. 
Cumberland I., ^ 5 1., N pt., \ 
(entr. St. Andrew’s Sound), > 

It. F ) 

Amelia I., % 13in., N pt., (S 1 
pt. of St Mary Inlet), It. R j 
St. John’s Riv., ISg, S entr., 1 

It. F65f. j 

St. Augustine (bar) Harb., 1 
[Jl'g.'fort It. FI. 4® 68f.. ) 
” Lt, N pt. of Anastasia L, F 76f. 

Musquito Inlet, (It. destroyed) 
Q C. Canaveral, w, It. R 55t.. 

rs Indian Riv. Inlet, entr. \y' 

S Jupiter Inlet, entr. It. F *& FI.. 

^ New Riv. inlet, fort 

C. Florida, S pt. of Biscayno ) 
Cay, 3 5m., It. F lOOf. ... J 
Carysfort rf., It. R 107f. 

Tavanicr Cay, Ml 

Lower Mat,acumbal.,^|^3m., 1 

W pt. (w'" N) j 

Sombrero Cay, It. F 144f. 

Sand Cay, It. FI. 2"‘ llOf. 

Cay West, W pt., It. F 50f. © 

— Floating It., F 40f. 

- Tortugas,EW9m., shls.W j 
4 1., Wpt., Bush Cay > 0 
It., F 70f., (S 6m.) ) 

Matanilla, shl. [2],/- 

Memory rk., [Jc.], 14f. ? j.... 
© Bahama I., EW 22 1., W, or 1 

^ Seulement Pt., j 

— ** South-east” pt. (so call- \ 

5 ed), [t] To, w i 

Git. Abacou I., 23 1., It. \ 

iiS I near S pt., R 1® 160f... / 


Lat. N Lon. W 

33 ° 56 ' 77 ° 55 ' 
33 48 77 57 
33 36 77 50 

33 51 78 o 

33 »3 79 la 
33 22 79 18 


30 56 81 34 

30 42 81 36 

30 20 81 33 

29 54 81 26 

29 52 81 25 

20 3 go 59 

28 28 80 33 

27 33 80 23 


near S pt., R 1® 160f... 

— East Pt 

Elbow Cays, It 30f., It 

Great Bahama Bk., ^ 110 1., 
Grt. Isaac rk., [fm.], 40f., 
(21. S of edge) 


26 9 go 3 

25 40, 80 9-2 

25 13 80 12-7 

25 o 80 30 

24 49 80 44-5 

24 37*5 81 6 / 

24 27 81 52*7 
24 33 81 48 

24 37 81 5^4 

*4 37*482 52-5 

27 22 79 4 

26 57J 79 7 
26 41 79 0 

26 28 78 40 

*5 51*577 

26 20 76 59 
a6 35 76 59 

26 2 79 5 j 
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(127) Places 

Lat. N Lon.W 

(128) Places 

Lat.N 

Lon.W 

1 

"a 

§ 

1 

'a 

§ 

1 

Bernini Is., [7m.], /, SWl 

pt., w / 

Gun Cay, It. R 1“ 70f. 

Orange Cays, Id., [|m.], 13f., \ 

i j 

Cay Guinchos 

Lobos Cay, j SW, beac 

Diamond Pt., 2| j 

St. Domingo Cay, 15f., 1 ^ ... 

Cay Verde, 72f. 

Grt. Ragged I., beac. hill 

Water Cay, [lira.] 

Long I., 19 1., /, j, N pt . 

— South pt 

Exuma I., % 8 1., entr. harb. Qi 
Eleutheral.,%22 Spt. 

— NE, or Palmetto Pt 

— N pt.,hill, (shls. E and W 3 1.) 

Egg and Royal Is., West I 

New Providence I., EW 51., 1 

Nassau, El",, It. F 68f. j 

— E pt., Goulding Cay, w SW 

Green Cay, [2m.], w' 

Andros I., % 32 1., Mastic Pt. 

near N end, [t] J 

Berry Is., NS 9 1., j, w, r, j 
E lim., or Frozen Cay .... j 

Stirrup Cays, r, Ellis fl. st 

Little Salvador, % 5m., W pt. 
St. Salvador, % U 1., NW pt.. 

— East pt., Columbus’s landfal 
Concepcion [and rks. 2 1.], 3, 1 

/. t, J, Id. W pt / 

Watling’s L, -jP* 51., rk. S end 
Rum Cay, EW 31, ww^, S pt. 
Mira por vos, ^ 3 1., 3, NE rk. 
CrookedI.,4|^lIl.,^^,wwQ, \ 
S pt., Castle I j 

— Moss fl. st., w 

Samana, or Attwood’s Cay, \ 

T,Wpt ) 

Plana Cays, EW 10m., /, \ 

T, hill,Wpt., L, w',.../ 

Mariguana I., rf. EW 101.,\ 
1 , ^,T, )S, Centre hill, llOf. ) 
Hogsty rf., EW 5ra., j, 3, \ 

NW Cay j 

Grt.Inagua,-gp-15 NE pt 

— Man of War B., W side, weL 

Little Inagua, EW 3 1., N pt. , 
Caicos bk., ^ 22 1., S rk 

— West Caicos, 7m., S pt. 

— East Harbour, wat, pi 

Turk’s Is., tjP- 6 1., N extr. rf. , 

— Hawk’s nest, ww^, ... ® 

Endymion rE., If. 

Square Handkerchief, EW \ 

30m., NE breaker i 

Silver bjc, \ 15 1., Cay, \ 
SW rk ) 

— North rks 

— Eastern edge, 12,7 

Bajo Navidad, ^ 7 1., N pt. Tf,-\ 
Cuba, % 217 1., E pt., C. 1 

Maysi, It. F, 128f. 1 , rf. Im. j 
Barracoa, fort 

25°4i' 

25 34-5 
H 56 

22 45 

22 22*8 
22 10 

21 42 

22 I 

22 12 

23 0 

23 41 

22 51 

^3 33 

24 38 

25 9 

^5 35 

25 30 

^5 5*6 

25 7 

24 3 

25 4 

25 32-<; 

25 49-7 
24 36 

24 41 

24 8 

23 50 

23 567 

^3 37 

22 6 

22 7 

22 47-5 

23 5*5 

22 35 

22 23 

21 40*5 

. 21 21 

1 21 4 

• 33 

21 3 

21 37 

. 21 31 
. 21 33 

1 21 26*3 
. 21 7 

11 6*5 

20 18 

• ao S3 
. 20 35 
r 20 13 

20 15‘2 

. 20 21 

79°2o' 

79.19 

79 9*0 
78 8 

77 35*5 
77 20 

75 45 

75 10 

75 43 

75 44 

75 19 

74 5* 

75 48 

76 9 

76 9 

76 44 

76 55 

77 ai*2 

77 36 

77 II 

77 57 

77 42 

77 55 

75 59 

75 46 

75 17 

75 8 

74 28 

74 50 

74 ^8 

74 

74 ^o’5 

73 49 

73 38 

72 55 

73 50*7 

73 1 

73 39 

73 0 

71 45 

72 30 

71 32 

71 6 

71 10*5 
71 18 

70 29 

69 58 

69 55 

69 22 

68 52 

74 10*5 

74 aS*5 

[ Caymam i 1 Cuba , A. Coast 

C. Moa, Cay, t' 

Pt. Lucrecia, It. R 11 2f. 

Port Naranjo, S3, W pt., h, 1 

Port del Padre, S 

Pt. Maternillas, It. R 1™ 176f. 

I. Guajaba, ^ 10m., W pt 

Cay Confltes 

Cayo Romano, 2 Is. % 16 1., 1 

NW pt j 

Minerva Cay, [Im.] 

Cay Sal, bk., % 20 1., T, Cay \ 
Sal, [hn.], w, f, N pt. j 

— Elbow Cay, It. F 96f. 

— Dog rks., ^ 5m., E pt 

— Anguilla Is., ^ 7m., w^, 1 

E pt j 

Nicolao rf., Medano I., S-d.... 
Pt. Icacos, (It. F to SE-d ?) ... 
Piedras Cay, It. destroyed...® 
Matauzas, Bay,^;, S. Sever mo ( 

.Castle ( 

Pan de Matanzas, 1277f. 

Havana, It. Fl.^™14 

Managua paps. 2, EW 2m., 1 

732f., W one j 

Port Maricl, entr 

Bahia Honda, entr 

Pan de Guaijaihon, 2532f. 

Colorados rfs., rks., 5, 7, W pt. 

Shoal seen in 1828, [ 4 ] 

W extr., C. St. Antonio, /, \ 
rky., (shl.-^7m.,Io), • 

It 11 1»* 108f. ) 

C. Corrientcs, /, sand, ^ 

Pt. Piedras 

Cays of San Felipe, SW part, 1 

/ 

I. of Pines, EW 161., SWl 
pt., or C. Pepe ) 

Rosario Channel, 3 O 

Jardines, w'", E extr O 

Cay de Piedras C 

Placer de Jagua, [3m.], 2 ...O 

Batavano O 

Jagua B., It. Fl. 82f O 

Trinidad, mole 

Cayo Blanco, 20f. 

Gran Bajo de Esperanza, \ 

N Wedge f ^ 

Manzanilla Cays O 

C. de Cruz, rf. 2ra., j 

Tarquino Pk., 9m. inland,! 

10,700f. j 

Santiago de Cuba, r, w„ ! 

It. R 1“ 226f., MorroJ 

Castle 

Guantanamo, or Cumberland ) 

Harb., E head j 

Cayman brack, ^ 3 1., 1^, E pt 
Litt Cayman, -gp- 7m., /, 3 f, \ 

E end ) 

Grt. Cayman, EW 61, f, \ 
j f , t, r, town, > ® 

1 Fort George ; 

j — East pt, T, jS Im... 

20®4l' 
21 5 

21 6 

21 17 

21 40 

55 

22 12 

22 27 

22 19 

23 41-7 

»3 56*5 

24 2 

23 30 

23 12 

23 II 

*3 >4*7 

23 3 

23 1*9 

23 9*4 

22 57 

^3 3 

22 59 

22 48 

22 9 

22 7 

21 51-5 

21 45 

21 58 

55 

21 24 

21 37 

21 39 

21 58 

21 37 

22 43 
22 I 

21 45 
21 38 

20 22 

20 22 

19 50*4 

>9 55 

*9 55*9 

>9 53 

• >9 45*a 
19 42 

) 19 17*' 

. 19 19 

74° 5 3' 

75 3« 

75 SO 

76 25 

77 8 

77 36 

77 39 

78 19 

77 48 

So 25 0 

80 26‘5 

79 51 

79 32 

80 21 

81 9 

81 8'0 

81 37 

8f 45 

82 22’2 

82 22 

8z 44 

83 >3 

83 24 

84 48 

85 4 

84 57*2 

84 31 

83 57 

83 32 

83 7 

81 S3 

81 2 

81 3 

80 35 

82 18 

80 30 

80 I 

79 52 

77 50 

77 15 

77 45 

76 51 

75 52 

75 >5 

79 46*5 

79 58 

rSi 23*5 

81 7 
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Jamaica, ^ 43 1., E pt. or Pt. ) 

' Morant, It. R 1"' J 

port Antonio, 2 @3, w, fort .... 
St Ann’s Long wharf, w 

1 Falmouth Harb., CQ**, bar, fort 

iJMontego B , fort 

iliiuea Harb., fort, E entr... 

I Pt-dro Pt 

i N Negril, N pt 

Dolphin lid., pk 

S Negril Pt., Wharf in Bay.... 
Savannah la Mar, foit, shl. 21-0. 

Pedro Bli^ 

Alligator rf., 3m., W pt. ... 

j I’ortland Pt., SE pt 

' Old Harbour, Careening I.. 

I P()rtRoyal,l$l,(h|,fortCharles© 
Yallah’s Pt., (hill 2450f. ^2.3ni.) 
Port Morant, ffl, Leith Hall... 
Morant Cays, ^ 1 1., 

2.im.,4J'NW,NECay, f j 
: Pedro Bk., EW 31 1., SW ... 

— NW edge, 20 

I — Portland at E edge, 1 i 

i [2c.], 15f.,4:;t, 8 E.... j 1 

Baxo Nuevo, EW51.,NE pt. 
Swan Is., 2, # H^,, (W 1 

one, r, w', T), E pt, 1:,) 
St. Domingo, EW 120 l.jEpt, \ 
C.Engano,(shl.N3m.) ....j 
C. Rafael, Mt. liedonda, 2m . ) 

inland - j 

Bani.stre Cays, w, r, r, N E one © 

Town of Samaiii, fort 

,C. Samana, rugged, A, 1 

C. Cabron, 1 

Old C. Fran9ai8, 

Pt. Isabelle 

Grange, rk. 820f. ....^. 

Monte Christi B., I:, r, w 

Monte Christi rk 

C. Haytien harb., SS, w, f, I 

turret d’ Estaing j 

Lacul, SB 

Tortuga I., 7 1., E pt., / ... 

St. Nicolas’ Mole, w, fort 1 

St. George j 

Pt. Platform, t 5 , ww„ 

Gonaives, Pt. Verrier 

St, Marcos Pt, A, 1 

Gonaive I., 101., W pt.. 

Port-au-Prince, r, w', fort'l 

Alexander j 

Rochelois shl., [11.], Ss-, “id. 

Caymites, 4:^, I || S, NE pt 

C. Dame Marie, W pt., (w 1 

SE 2m.) / 

C. Tiberun, A, j, (w, b 1 

in bay) | 

Hill eastwards! do., 4178f. ... 
Navasa I., [2m.], .300f., 7,<b, 1 

r, mid. N side / 

Fermigas shl., ^21., 2 , N pt. 

Pt. Gravola 

I.Vache, [31.), jS,NWpt.. 


Lat N 

Lon.W 

17° 

55-7 

76" 

ii’ 

18 

II-3 

76 

27 

18 

26*4 

77 

13 

ig 

30*6 

77 

40 

18 

294 

77 

56 

18 

28 

78 

i 

18 

29 

78 

17 

ig 

23 

78 

22 

18 

23 

78 

12 

18 

i6*8 

78 

22 

18 

12*3 

78 

84 

17 

SI 

77 

44 

*7 

49 

77 

35 

17 

43 

77 

10 

17 

53*5 

77 

6 

17 

56*0 

76 

51-0 

*7 

5 ^ 

76 

37 

17 

53 

76 

21 

17 

26*5 

75 

57 

16 

48 

78 

13 

17 

36 

78 

5a 

17 

8 

77 

27 

15 

S 3 

78 

34 

17 

as 

83 

53 

18 

35-8 

68 

20*7 

19 

I 

68 

55 

'9 

10*4 

69 

157 

19 

12*5 

69 

19*2 

^9 

18 

^9 

8 * 

19 

22 

169 

16 

19 

40 1 

69 

54 

19 

59 

71 

I 

*9 

54 

71 

39 

19 

53 

71 

38 

20 

2 

71 

46 

^9 

46*7 

72 

11*7 

19 

47 

72 

28 

20 

1 

72 

36 

^9 

49’5 

73 

22*2 

*9 

36 

73 

a 3 

>9 

25*7 

72 

42-7 

*9 

2 

72 

50 

18 

55*4 

73 

i 8'2 

18 

33 ’a 

72 

20 

18 

39 

73 

13 

18 

39 

73 

40 

18 

36 

74 

27 

18 

22 

74 

28 

18 

21 

74 

19 

18 

*5 

75 

2 

18 

35 

75 

45 

18 

I 

73 

56. 

18 

1 

6 

73 

43 


*Aux Cayes ' 

I C Jaquemel, Wharf 

I Mountain, 8900f. 

. C. Roxo 

I C. False 

* Beata I., NS 4m., I, It, 

NW, NWpt V...../ 

' Frayle rk 

; Alta Vela, A, y 

lie. Mongon 

I ! Pt. Avarena 

I I Pt. Caldera, or Salinas 

Pt Nisao 

j St. Domingo, City, CQ** Cons. . 

j Pt Concedo 

-jl. Saona, EW41., SE pt... 

Mona I., EW 6m., {^, 
Wend,B, rfs. 2m.),Wpt j 

Monito I., [2c.], 

DesechoL,[lm.],y,^,vis. 121 
Porto Rico I., EW 31 1., C. \ 

Roxo, at SW pt / 

Shis. 2 1. off W coast, Bajo \ 

Gallardo, [»] ) 

B. of Mayaguez, mo. Riv 

^ Aguadilla town, r, W" 

Porto Rico, City, 03, It. R2"?| 

174f. ) 

NE extr., or C. Juan, (rks.). ,. 

Anvil, vis. 231 

SE pt., C. Mala Pasqua 

Caxo de Muertos I., [lm.],l 

(t W 8 ), S rk ) 

Pt. Guanica 

Culebra, or Passage I., % 7m., \ 

m SE, w, b), S pt ) 

Vicque, or Crab I,, ^ 5 1.,) 

f , 4^ W pt / 

St. Thomas I., % 4 1., SB, ) 

; [0, r, It.F 95f., E entr., | ® 

^ Frenchman’s rk 

s StJohn’sI.,EW31.,SWptO 
” Norman I,, [2m.], Man of) 
WarB. , on W side, SS, N pt. / 

Ringdove shl.., [im.] , 2 

Tortola, 10m., ab. 1300f. 

— Town, SB, w, r. Fort Burtpt 

Gingerl.,[lm.], A, 1 

VirginGorda,^31.,pk.l319f. ) 

East pt j 

Anegada,% 3 1., /, % i, (rf.SE ) 
3 1.), W pt, w j 

Sta. Cruz, -gp- 7 1., w, b, E pt. 

— Shl. off E end, 7, /3 

— Christianstad, Obs. or ) 

sig. St j 

Sombrero, [fm.], I, a 

37f., <bo 

Dog I., [& rks. 24m.], ) 

Wrk { ® 

Anguilla,^ 14m., 2 13f.Wo,> ^ 
I Cust. ho ) 


LatN 

1 1.on.W 

18° 1 2 

| 73°46 

18 i3*5|72 33 

18 21 

72 0 

17 Sa 

71 40 

17 45 

71 40 

17 36*771 32 

17 37 

71 41 

17 28 

71 39 

17 50 

71 14 


8 12 70 36 

8 13 70 o 

[8 28*2 69 52 
[8 22 69 35 

8 67 68 35*5 

8 5*4^7 57 5 
8 9 67 56 
8 24 67 28 

7 56 67 10 

8 o 67 18 

8 13 67 8 

8 25*967 8 

8 29 66 7 

8 23 65 36 

19 65 47 
59 «S 49 
7 50 66 31 

7 56 66 57 

8 17 65 17 

8 7 65 34 

8 20*464 55*7 

8 14 64 52 

8 18 64 49 

8 19 64 32 

8 17 64 33 

8 24*1 64 36-5 
8 23 64 24 

8 30 64 14 

8 49 64 247 

7 45i 64 34 
7 49 ^4 25 

7 44*564 

8 35*663 277 
8 16*763 i 5'5 
8 13*263 4 ** 
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St. Martin I., EW 8m., Wq, r, \ 
b, sum. 1361f. J 

— Fort Marigot 0 

S. Bartholomew, % 5m., N 1 

pk. 821f, / 

— Fort Oscar © 

Saba, [3m.], A, j, town SW... 
St. Eustatius, ^ 4m., h, N pt. 

— Fort fl. st 

St. Christopher, % 6 1., w, r, 1 

Mt. Misery, 371 If. j 

— St. George’s Ch., (It. P*").© 

Nevis, [2 1.], w, r, sum 

— Charleston, It. SW pt., w... 
Barbuda, ^ 14m., vis. 61.,1 

Wo,r,!l? SWpt.; S&Ept, > 

m ) 

— River fort, SW side © 

Antigua, % 12m., (3 N), 1 

S pt ) ® 

— EnglishHarb.,®,w,[S»\ 

Dockyd ) ® 

— Boggy’s pk., 13.39f. 

— St. John’s, fort James, w,^ © 
Redondo, vis. 9 1., IT 1 

W,T } ® 

Montserrat, ^ 3 1., vis. 15 1., i 
w, T. N pt. ) 

— Plymouth, w', [, Wharf ... 
Guadeloupe, [121.], N pt. ... 

— Basse Terre, fort Irois ... © 

— Souffriere, vole. 5500f. 

Deseada, 7m., N pt 

Petite Terre. It F 108f. 

Mariagalante, 10m., w W, ( 

S pt f 

The Sainto Le Grand I., S pt. 
Dcminica, ^ 9 1, A, 3^ Im., 1 
Npt i 

— Roseau, town, fl. st (lt.F) . 

— South pt.. A, fl. st 

Aves I., [.3c.], 16f., 

w? ^ W j 

Martinique, -Sly 11 1., Mt. 1 
Pelee, 4450f. / 

— Fort Royal, It. F 131f... 

— South pt. islet 

— Caravel rk., 96f., .-r .... 

St. Lucia, NS 10 1., N pt 

— Port Castries, It F 

— W pt., 2 Sugarloaves, blk. 1 

vis. 16 1 j 

— South pt, J? 

Barbados, % 61., vis. 101., \ 

E pt It ..IE ) 

— Beckwith Battery 

— Bridgetow!),Engiiieer’.sWhf.| 
St Vincent I., NS 5 1., vole.... 

— Kingston 

Bequial , ^ 21., W, w’l 

Adm. Bay, r/tb, N pt ) 

Grenada, 51., vis. 71., (3^1 
2m.), S pt I 

— St George, gg, (B, fort.FS. 
N. America continjram (126)3 

C. Sable, fort 


Lat.N 

Lon.W 

18° 

’ 5'5 

63° 

4'5 

18 

4*» 

63 

5*5 

*7 

54*3 

62 

48*5 

*7 

S3 

62 

51*2 

*7 

39 

63 

*9 

17 

32 

63 

5 

*7 

29*5 

63 

4 

*7 

22 

62 

48 

17 

18 

62 

43*0 

*7 

12 

62 

39 

17 

8*8 

62 

42 

17 

33 

61 

43 

17 

35*8 

61 

49*5 

16 

59*5 

jbi 

45 


132) Places Lat N Lon.W 

Sanyabel I., IXI‘^ r, w, b o 26 20 82 5 

St. Carlos B., fort Dulaney .... 26 30 82 10 

Gadsden’s Pt © 27 49*8182 28*0 

Cedar Cays, Depot Cay, (shl. I 

^7m.) ..... *9 7-5 *J *-7 

St Mark’s, It Eentr. F73f.... 30 4*4 84 io*6 

Dog I., [6m.], II JE, ||„W,1 .6-5 8a iS-2 

It. R l">48f. / *9 3i*4 3* ? 


16 

31 61 

268 

16 

0-561 

45*2 

16 

5 16 1 

39 

16 

21-460 58-7 

16 

io-5j6i 

5 

*5 

51-861 

15-2 

f6 

‘-0 . 
p 

b 

10 

34*2 

15 38 61 

26 

*5 

17*461 

23 

*5 

13 61 

22 

*5 

42 63 

377 

14 48 61 

10 

14 36 61 

4*2 

*4 

24 60 

52 

14 48*5 60 

53 

*4 

5 60 

57 

*4 

0 61 

1 

*3 

47 61 

5 

*3 

34 60 

57 

*3 

9*9|59 25 5 

*3 

4*9159 36*2 

*3 

4-Jl59 

37 

*3 

»J 16 1 

II 

*3 

13 161 

*3 

*3 

5 

12 

IX 

59 j6' 

42 

12 

3 i'6i 

1 

45 

25 

1 

6 '8t 

5 


17 o*o6i 45*2 

17 2 61 51 

17 6*761 51*2 

16 55*5j62 i8*7 
16 49*3,62 117 


Dogl., [6m.], II 3E, H^W.l g Ig g 
It R l'"48f. / 4*^ 3»4 3» ? 

St George I.,(Harb.lS“»j\ 

Wpt, It F j ® ^9 37485 5? 

*940 85*4 

■ ® *9 SZ-OS5 *3-? 

St. Andrew’s B., town 30 11 85 43 

Sta. Rosa 1., ^5. 121., E pt,\ ©a.,, 

(entr. to St Rosa B.).. . . ) 3° *5 
Pensacola B., ®, entr. It. W, \ 

RU»70f. ;|30 »oY 7J70 

— Naval yard, store © 30 20*5 87 15*2 

Mobile, S, It. Eentr., R\ T-.ftloo 

— Sand I., It., F, W of entr... 30 n 88 2 

Choctaw Pt, It. S of City... 30 40 88 2 

! Horn I., % 4 1., W pt 30 15 88 42 


® 30 «-688 57-? 

CatI.,EW5m.,t,Wpt, ItF 30 13*789 S 
Pass Christian It., on Main, F 30 18 89 10 
■ Chandeleurls.,#8, /,w,b, > . «« . 

||„SW, It. N pt.. F 52f.) 3° 5 ** 

Mississippi Riv., NE pass.,] u-t'go o 
Frank’s I J ^ 

-YV't,';, 

New Orleans, City Hall 29 57‘7 90 6’7. 

Timbalier I.,%7m, It F 29 4 90 17 

Ship I., Shoal, It R 28 53*7 91 7 

Pt au For 29 19*59* *o 


Belle I., (Vermilion B.),E W 'I 

7 1., I30f.,lt Wend,R.../ '' 

*9 4Z-3 93 50-5 

Bolivar Pt, It F 73f. 29 22 94 457 

I Galveston I., ^ 7 1., /, 3 ^ *1 ^ 

mid., NEpt J ^ 94 45 7 

^ San Luis llarb., bar i^f., town 29 4 95 6 

\ Matagorda Bay, Half Moon 1 g g 

J Rf. ItF J ^ 

Port Cavallo, CS. bar 9 f. It. F 28 20*296 25 

Aransas Pass, 8' f. It F 59f. ... 27 5r5!97 3 

Santiago, Barra de,Tf. It F.SOf. 26 3*s|97 8*5 

Rio Grande, or Bravo dell ev-Jov »7*2 
Norte, U.S. Observatory J ^ 57 4|V7 7 

San Fernando, or Tigre 02523 j97 4*» 

Barra de Santander, ef. O 23 48 198 2 

Barra del Tordo O 22 52 97 55 

» Cerro del Mecate, 10m. inland O 22 35 198 5 

I Tami.ico,bari6f.,J,fl.8t.,l ^ 

i N pt } 

^ C. Roxo O 21 3S 97 22 


29 32 92 
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iLat. N Loii.W (134) Places 


Lobosl., [fm.], 35 f., X,) 

w, r, (rf. N 2m.) !. j 

Tuspam shl., islets, 7 . ... 


'2i°a8' gf 13 
III I '97 10 


Mexico, city, St. Augustine.... 

19 

25*7, 

99 

5*0 

Vera Cruz, w, rr^, Sn. J. » 


1 

96 


de Ulloa It., R 45» 79f.. f ® 

19 


8*0 

Sacrifiicios I., [and rf. ^m.] .... 

19 

10*2 

96 

5*5 

Limit of shls. to E-d 

*9 

8 

95 

48 ' 

Orizaba, Mt, 17400f. 

*9 

2*3 

97 

*3 

Cofre del Perote, Mt, 13400f. . 

19 

29 

97 

7 

Alvarado, bar if., J 

18 

45 

95 

43 

Tuxtla, Vole 

18 

30 

95 

0 

Roca Partida, w, r 

18 

44 

95 

3 

Pt. Zapotilan, 1 W" O 

18 

35 

94 

45 

Goazacoalcos Bar 

18 

10 

94 

>7 

Barra de S. Anna 

18 

10 

93 

50 

R. Tabasco, W mo., bar if. ... 

18 

33 

92 

37 

I. Carmen, ^ 91., W end, N 




Port Laguna, entr. of Ter- f 
minos Lag., II, w, r, b, i 

18 

38*4 

91 

50*7 

Brit. Cons j 





Champoton, w, b 

'9 

23 

90 

46 

Morro of Seiba 

'9 

38 

90 

44 

Pt. de los Morros 

‘9 

45 

90 

43 

Lerma, Ch. in square, 4?, w'... 

>9 

48*4 

90 

36*7 

Cam peachy, 4^, w, r 

'9 

50 

90 

33 

Salinas 

zo 

45 

90 

27 


Pt. Palmas, t 

Mt. No-te-perderas, f", (gone) 

Sisal, w, b, fort © 

Sisal rk., 9 f., (Snake \ 

and Madagascar shls. > © 

NW.d. 71.) ) 

Si lam, town, w' © 

Pt. Salinas, /, sand, It 

Lagartos, vill 

C. Catoche, /, (N pt.ofl ^ 
JolbosI.,#6l.) i ® 

Areas, [2m.], rks., ^,W Cay© 
Obispo, shls., 2, ^ 5m., 3 , H, 1 

N one, beac. buoy j 

Triangles, 3 Is., 7 m., ^ 

rk. b, Eonc..../ ® 

English bank, [ 5 ] © 

Baxo Nuevo, [2c.], rf.,1 

I, S, beac. 35f ] ® 

Cay Arenas, Sandy I., [3m], 1 

I, beac. 20f., N pt j 

Alacranes, % 5 1., As., 5, 1 
Npt / 

— Port, EH, Perez I., [4c.], \ 

huts ) ® 

Contoy I., 4m., /, ^, N pt. 

Mugeres I., ^ 5m., 80f., I 
w, b, S pt.. Stone turret... / 

Cozumel I., ^ 8 1., 

Ascension B., Noja spit 

Chinchorro bk., or Northern) 
Triangles, 8 1., mid. Cay,i 

N pt »; ) 

Ambergris I., or Cay E, or I 
Reef Pt., ) 2m ) 

— 6 pt 

Lt.ho.reef, SE pt.,\ 

Half Moon Cay, J, It. F 88t*. / 


21 2 90 22 

21 8 90 9 

21 10*190 2*7 


21 23*788 54*5 

21 36 88 II 

21 36 87 6 

20 12*691 59*2 
20 28*5 92 13 

20 54*992 13*0 

21 47 91 56 

21 50.592 4 

22 8 91 23 

22 35 89 49 

22 23*6 89 42*0 
21 32 86 49 

21 12*7 86 40^ 
20 34 86 44 
19 37 87 24 

iS 37 87 20 

18 6 87 50 

18 23 187 23 
17 12 87 33 


Turneflfe, rfs., 10 1., N pt., ) 
i : Mauger Cay, 3 Its. F 95f., > 

I 75f. ) 

Glover rf., ^ 5 1., S pt 

i Belize, ffi. Fort St. George, W/.. 

‘ Dolphin lid., 5m. inland 

Cockscomb Mt., 4000f. © 

Pt. Icacos, (w N fm.) © 

R. Dulce, entr., W pt 

C. Three Pts., /, f , (shls. 4 1 

or 5 1.), W pt., w, j 

Omoa, St. Fernando \ 

fort J ® 

Saddle hill, 1760f. © 

Sal rocks, pt 

Cangrejo Pk., 8040f. © 

" Truxillo, fort 

C. Honduras, or Castilla, I 

lutilal., 7m., J, NEpk. © 

^ ' Salmadina shl., [Im.] © 

I Hog Is., [1 1.], NE one . ... © 

Ruatan I., 9 1., , S pt 

; ! — Port Royal Ilarb., ® , \y', f , \ 

; I George Cay, NW pt. ... j 

! Barburet I,, S 1 1. E 

Bonaccal., 4|'^_31., ® NWl 
and SE, r, sum. 1200f. / 
Mistcriosa bk., -,]§• 8 1. IT, S pt.Til 
Swan Is., 2, EW 4m., W \ 

one, f , w ? r, E pt j ® 

Poyas Pk., 3700f., 12m. inland 

(y. Camaron, projecting, I 

. Black R., bar 5, w', b 

Patook R 

Caratasca lag., entr. if., E pt. 

False Cape, h, 5 shl 

C. Gracias ii Dios, I, f , w,,, b.. 
Bank off C. Gracias, N part ... 

— East extr., ii 

i Caxones, or Hobbies, % 4 1., 1 

Ept i 

; I Cay Gorda, [2m.],*Q, (/3 E-d. \ 

L! i 

[ : Margate rf., 10m., E pt. ... 

! Musquito Cays, ^ 60f., (w W I 

5ni., 4^ 4 ), SE pai*t j 

Rosalind Bk., SE shl. part, 1 

i i 

Serranilla bk.. Cays, EW 1 
-j 2501., S, or beacon Cay .. j 

Rock 

Serrana bk., -gp- 6 1., 5, SW Cay 
Quita Sueno bk., rf., NS 8 1., 1 

Spt } 

Roncador Cay, ^ 6m., w , ) 

S pt. T ) 

Old Providence and Catalina ) 
Is., [rfs. 5 1.], w' W, b, r, > 

4^0 W, sum. 1190f ) 

St. Andrew's I., # 8m., vis. \ 
7 L, w"', r', SW Cove . ... | 
Courtown bk., ^ 7m., SW \ 
Ca.f, to, w ^ j 


Lat. N 

Lon W 

17^36' 

87V' 

16 41 

87 53 

17 29*3 

88 12*0 

17 17 

88 24 

16 48 

88 38 

16 14-3 

88 36*0 

*5 49 

88 47 

IS 58 

88 38 

p 

00 

00 

d 

»5 45*0 

87 58*0 

*5 55 

87 38 

*5 38 

86 53 

>5 55*7 

85 S9\ 

16 2 

86 4 

16 7*5 

86 52*7 

15 54 

87 4 

15 59 

86 28 

16 16 

86 40 

16 24*3 

86 19-2 

16 26 

86 9 

16 28 

85 55 

18 44 

84 2 

17 25 

83 53 

15 44 

84 56 

16 0 

85 3 

15 57 

84 56 

*5 49 

84 18 

»5 ^ 3*7 

83 43 

*5 13 

83 22 

>4 59 

83 II 

16 48 

82 10 

15 32 

80 56 

16 3 

83 6 

'5 52 

82 24 

15 7 

82 20 

14 20 

82 44 

16 8 

80 17 

IS 48 

79 5 ,* 

14 53 

80 21 

14 16 

80 24 

14 8 

81 9 

13 34 

80 5 

13 21 

81 23 

12 31-7 

’81 44 

12 24 

181 29 

12 10 

Igi 54 

14 3 

jgj 22 
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LatN Lon.w! (136) 


Rio Grande, bar of. 

Pearl Lagoon, entr., N pt., \ 

(shl) } 

B]ewfields,IXl|J, (shifting bar) | 

r, W pt. of bluff j 

Little Corn I., /, =!, [l^m.]. » 

Wpk } 

Great Corn I., ^ 24 m., A, , 1 
w^, b, r, SW pt., sum. j 
Pajaro 1., small, 155f. 


San Juan de Nicaragua, (called I 
Grey town, 1848), > 

up riv., b, r ) 

Pt. Arenas ® 

Mt. Cartago, ll,100f. ® 

Pt. Blanco, Grape Cay, E ) « 

of do,, (w W Irn.) ) 

Carreta Pt., w W 2m 

-Boca del Toro, E0, fort, w' ) 

-fe* To. b ) ^ 

Blanco pk., ll,740r. 

Shepherd’s Harb., S3, Cay, ) 

^ 2^m., White hut .... j 
Zapadilla Clays, -'Ig- 3 in., E pt. . 
Chiriqui lag., Cliica 1 

Mola riv j 

Valientc Pk., 722f. © 

Escudo I., % 24in,, /, f , | 

w W pt i ® 

High pk., 5251f., 6m. ) 

of Buppan bluff) j 

Castle Choco, 6312f., 5 1. | ^ 

inland j 

Chagre, w riv., rr^, San | 

Lorenzo, fort j 

Toro Pt 

Porto Bello, rr,„ fort | 

St. Jeronymo j 

Farallon Sucio, rk 

» Pt. Manzanilla, h, 1 (-3 

Pt. San Bias, I, (rf. 2in.) ....e 

Mandinga, 

Muletas Arcliipclago, E |it ... 

Pt. Musquitos 

Pinos I., [Im.], A, NE pt. .. 
C. Tiberun, 1, A, rky., (t \ i W) 
Pt. Caribana, (shl. -j- 5m ) . ... 
I. Fuerte, [l^m.], t T, S 

Cispata Harb., S3, East Pt. ( 

Zapote ) 

• Santiago de Tolu, E entr 

San Bernardq Is. [31.],/,^,\ 

Nst. one ) 

Tortuga shls., 2, outer, [7] ... 
Rosario Is., [21.1, Wst. one ... 

Cartagena, S3, Dome © 

— Entrance ^. . . . 

Pt. Canoas, /, A, over, (rks. \ 

S W-d. 3m. 6 f.) j 

Pt. Galera, I 

Port Sabanilla, IB, SW pt 

Magdalena Riv., mo., bar, H , I 

^ b, w, J 

Sta. Marta, Morro © 

C. Aguja, i. A, J, (rks. 3c.) ... 
C. San Juan de Guia 


i2°54’ 83^32' 
12 21 83 38 

11 59-383 414 

12 17-082 36 

12 9-282 59*7 

II 31 83 43 

10 55 83 43 

10 56-783 42 --» 
10 2 83 48 

10 0*083 2*5 

9 38 82 40 

9 20*5 82 15*2 
9 17 83 4 

9 14-482 20-7 
9 15 82 2 

8 59-081 55-7 

9 81 55 

9 6-481 34-5 

8 42*781 30-0 

8 37 80 52 

9 19779 59*2 

9 23 79 56 

9 3^*5 79 

9 39 79 37 
9 39 79 3 ?' 

9 35 78 58 

9 3 ^ ’8 58 

9 37 78 38 

9 8 77 56 

9 *7 77 48 

8 4 » 77 25 

8 38 76 55 

9 23 76 12 


9 3 * 75 

9 48 75 

10 3 75 

10 11 75 

10 25*6 75 
10 19 75 


10 47 75 

11 I 75 


II 15 74 
I I 20 74 

II 21 74 


C. Vela, (islet 2c. off, E pt. 
Bahia Honda, ^ shl. in mid. 1 

entr. , E pt ) 

' Pt. Giillinas, (shl. 2m.) 

Druid shl., i], j E 

Pt. Espada 

Zapara Castle 

Maracaybo, 113|2» bar, entr., I 
; (shifts) j 

— Town, 20m. up the lake, lof. 

Pt. Arenas 

Coro 

Pc. Cardon, / 

C. San Roman 

Pt. Maiizanilla 

Monjes, S ,, N rks 

Oruha 1., 5 1.. N pt 

Curasao I., % 12 I , N pt 

— Fort AiuNterduin, St. Ann, ^ 

I/ittlc Cura^oa, [2m.],^lt.F40f. 
Bueri Avre J., 61., S pt., I 

It. F 7 Of } 

Avcs Is., 2 grps., EW 5 1.,) 
Wone, [21.1, S 
Los Roques, EW 81., Port) 
El Roque, N side, 4^', w, | 

' b, Pirate Cay ) 

— SE pt., lightho. building ... 

Orchila, [7m.], W pt., rk 

Vigia 

Tucacas, It. F .3()f. 

St. Juuii B., Cay St. J 

Porto Cabello, © 

La Giiayra, 4?,, w, r' 

Caraccas, 3()00f., 7in. inland... 
Peak, or Silla de Caraccas, ) 

5m. inland j 

Pt. Ma.spa, (rks. off) 

(.’eiilinel 

(C Codera, I, t» W 7,1 

Corsair B.), W pt j 

Morro, of BarcL-lona, (City -jy | 

I ‘Ji>n.) ) 

Cnmana, fort Boca, w' 

Pt. Escarseo 

Tortuga I., EW 4 1., W end ... 
BUuquilla I., NS 2 !.,(;, 

wW,4;NW),Npt ..../ 
Hermauos, % 10m., j, S rk. 

' Margarita I., EW 121., (N I 
I Coasts ), N pt., C. Isla ) 

— Pampataii, Castle 

— West e.Ktr 

Sola T., rk., S 

Te.stigosIs.,^24m., SW i 
; I s , vis. 5 1., (3rt I. mid. ) 

I Porto Santo L, (bay and -|;f) 

'C Three Points, J, 

Morro I., (off W pt. of Dra- ) 

gon’s Mo.) ) 

Pt. Foleto, mouths of Ori- 1 

noco R. f 

Trinidad, ^ 261., E pt., Pt. [ 

Galera, I, rky j 

— Guayguarare Bay j 


Lat.N Lon.w 

ii°33' 7 z°56' 
12 10 72 14 

12 19 71 48 

12 25 71 44 

12 30 71 41 

12 4 71 10 
II I 71 40 

II 2 71 41 


II 59 67 40 

11 57 66 38 

II 48 66 33 

11 50*266 14 

12 10 66 10 

10 47 68 22 

11 10 68 30 

10 29-4 68 0*0 
10 36-7 66 56 .) 


10 40 66 16 

lo 50 66 7 

10 36 66 3 

10 13^ 64 40 

10 27*6 64 ii-o 
10 40 64 15 

10 58 65 264 

11 55 64 37 

II 42 64 29 

II 10 63 58 

10 59 63 54 

10 58 64 30 

If 19 63 40 

11 23 63 IX 

10 43 61 15 

10 45 62 46 

10 45 61 ss 

10 o 62 18 

10 5c jeo 54 
10 9 2 61 I 
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Trinidad, Chacacbacare I.,\ 
[2m.]. Slot’., (E side of I 
Dragon’s Mouth), sum..) 

— Port Spain, IB, fort 

— West pt., Pt. Icacos, j 

— SE pt., Pt. Galeota, vis. 6 1. 
Tobago, ^ 8 1., N pt.. Mar- ) 

ble I ] 

SW pt., shoal, 6m. SW ... 

— Rockly Bay It. F on E pt. . . 
Orinoco, E mo., (shls.). Crab \ ! 

L, [31.],Npt....^ ] 

Pt. Barima It. v. F, 3 

Mocomoco Pt 

R. Guayama, entr., (bk.N 6 1., \ 
hills to SW-d. inland) .... j 

Coco Pt., h, ^ O ? 

C. Nassau, E pt. ofPauromal 

R., (shl.) J 

R. Essequibo, beacon E ofl 
Leguwan I j 

— Fort Zealand 

R. Demerara, bar, beac., 1 

(5 or 6 9m. E-d. in 1834) j 

Georgetown, It. F 103f. 

Berbice R., shl., CW, bar Yf., \ 
Crab I., [Im.], I, f .... j 

— Floating It. F 

New Amsterdam 

Corentyn R., (shls. 3 1.), ) 

Nickerie fort j 

Coppename R., E pt., entr. © 
Brams’Pt.,beac. 70f.,(a It . ) 

V. N, Is or aif. .>) ) 

R. Surinam, fort Amsterdam... 

— Paramaribo, Ch 

Post Orange 

R. Marowyne, W pt. entr 

Mana R., Establ. on W bk. ... 
Salut, or Devil's Is., 3, [fm.], 1 

^ S one, w j 

Cayenne, tS, fort, 11. st 

Mother rk., [fm.]. pilot sign.. 
Gunner’s Is., 2m., E, orl 

grt. one ) 

Pt. Behague, /, at E entr. 1 

of Aprouak Riv ) 

Argent Mount 

C. Orange, ^ 

C. Cachipour, /, NE part... 

Mt. May6 

Maraca I., [3 1.], I, W side, 1 

Calebasse Crk ) 

Cape North O 

Bailique I., [7m.], N pt 

Macapa, fort 

Mexiana I., ^ 11 1., 3 W, E pt. 

Chaves 

Frescas 1., [2m.] 

C. Magoari, pt 

Para, fort St. Pedro 

Pt. Tijioca, I, (Braganza shl. 1 

and bks., -^71.) j 

Salinas, vill., 3 

Atalaia Pt , It. R 


Lat. 1 

Lon.W 

North 1 



10° 

4.' 

61° 

47' 

10 

00 

1^0 

61 

32 

10 

3-8 

61 

55*7 

10 

8-2 

60 

59*2 

1 1 

21-8 

60 

31 

1 1 

8-6 

60 

50 

1 1 

101 

60 

2*4 

8 

42 

60 

55 

8 

3 ^ 

60 

23 

8 

39 

60 

10 

8 

25 

59 

57 

8 

0 

59 

25 

7 

36 

58 

56 

7 

0 

58 

18 

6 

47 

58 

32 

6 

58 

58 

14 

6 

49*4 

58 

11-5 

6 

21 

57 

33 

6 

19 

57 

22 

6 

15-2 

57 

21 

5 

57*5 

56 

52 

5 

54 

55 

47 

5 

56 

55 

4 

5 

48 

55 

9 

5 

44’ 3 

55 

>3 

5 

57 

54 

34 

5 

44 

53 

57 

5 

37 

53 

50 

5 

16 

5 ^ 

34 

4 

56-5 

5 ^ 

20*0 

4 

53 

5a 

10 


4 35 51 53 

4 51 39 

4 23 51 zj 

3 46 5* 3 
a 50 50 52 

2 8 50 28 

I 42 49 48 

1 4 49 56 

o 0-851 2 

o o 49 19 
South 

10 8 49 55 

o 3 48 59 

0 13 48 26 

1 28*048 30*5 

O 34 47 55 
o 36 47 24 

O 35 47 22 


Cajetuba I , N pt 

Piraussu hill 

Caite Is., NE part 

C. Gurupi, N pt 

Pt. Tamandua 

I. St. Joao, 4 1., /. w, E pt. 
Itacolorni pt., ¥,It.R«r2«‘ 147f. 
Maranham, 1X]|], w', r, Ca- 1 

thedral '..._ / ® 

Coroa Grande shl., ^s., N pt. 

Fort St. Marcos, It^F 

Manoel Luiz shl., rf., [1 1.], 1 

-p, /S/3 ,, W rk ) 

Silva shl 

1. St. Anna, [7m.], (rfs. -f-\ 

. 4 1.), % It. R, 40% E I 

Lan^oes Grandes, W pt 

Harra Velha, B. Paranahyba ... 
Jericoacoara, w, r, E sand 1 

hill -I 

Alniufedas, vill., Steeple in J 

I t j 

Mt. Melancias, isolated sand) 

hill f 

Ceara, Ch. tower ...• 

Pt. Macoripe, It. F 37f. 

Jaguaribe R., bar, ^/S^, w, \ 

N pt., a red bluff ) 

Aracati, town 

Mono TibaO, red sand hill ... 
Pt. do Mel, f, ? (shls.), N ) 

- pt / 

Pt. Tubarao, N sand hill 

Ureas, shls., jS, j N, N edge ... 

C. St. Roque, /, 1 

Rio Grande do Norte, ) 
Circular Fort on ledge, > 

fwiin.) ) 

Parahyba do Norte Riv., ) 

Steeple ) 

. Fort Cabedello, a Mk., f 

3 C. Branco, sand, 1, (2 f at pt. ?) 
J Pt. dc Gnia, E extr. of S. Amer. 

5 Olinda Pt 

IVrnanibuco, CQ'^, bar,V r 1 
V), fortPicao, lt.R»%3"'/ ® 
C. St. Augustin, C3h. sum. 

Mt. Sellada, S pk. .V 

_ St. Aleixo I., [2c.], w 

Tamandaie, fort 

Maccio, t ,w fort {t It. R203f.) 
R. St. Francisco, S, or Man- 1 
guinha Pt , I, jS l^m.... ) 

Itabayana Mt.s., sum 

Tres Irmaos, 3 Mts., 2 1. in- 1 

land, SE hill j 

Mt. Masarandupio, lOra. inland 
Bahia,®, [S, C.St.An-l ^ 

tonio,lt. ® 

Morro St. Paulo, It. R 1™ 276f. 
Quamannu B., Pt. de Muta ... 

Os llheos, rks., large one 

St. George, town, fort 

Porto Seguro, QQ, r. Cathedral 


Lat. S Lon. W 

o®3i 47°4a' 
o 44 47 24 
o 43 46 57 

0 54 46 14 

1 16 45 23 

> 17 44 55 

2 8-644 ^7 

2 3**744 18-7 
2 II 43 59 
2 29 44 18 

o 51 44 17 

o 32 44 19 

I 2 16 43 38 

2 21 43 22 

2 52 41 42 

2 47 40 28 

2 56 39 48 

3 12 39 18 

3 43-0 38 32-5 

3 41 38 29 

4 *3 37 49 
4 31 37 48 
4 49 37 *8 

4 55 36 53 

5 a 36 28 

4 50 36 16 

5 30 35 16 

5 45 35 15 

7 6‘0 34 5* 

6 57*834 50 
17 8 34 48 

7 26 34 47 

8 o 34 50 

8 3*634 5»'7 


8 

21 

34 

56 

8 

25 

35 

II 

8 

36 

35 

0 

8 

43*4 

35 

‘ 5 

9 

40 

35 

44 

10 

28 

36 

23 

10 

47 

37 

23 

11 

16 

37 

17 

12 

24 

38 

4 

>3 

0*7 

'138 

317 

*3 

22 

38 


13 

52 

38 

56 

>4 

47 

39 

0 

14 

49*4 

-39 

I 

16 

26-S 

H39 

0 




Qoagt I Brazil , JE. Coant 


TABLE 10 


071 


MAUITIME POSITIONS 


Espiritu Santo B., w", r, b, j 
Monte Moreno, vis. 101. j 


Calvada Islet, 4m. out, II^W ..| 
C. St.Thome, I, (bks. 15m. off) j 
St. Ann Is., 3, 4m., w, b, 1 

sum. grt ) 

Anchoras Is., [1 1.], E one .... 
C.Frio,(I. ^{4 2^m., ^ ) 

Spt It. R 2 ™ lOOOf. / 

C. Negro, I, 3m., pt 

Maricas Is., ^ 1 1., 5,„ Sst. ... 
Razal. , [f m.] , It. 3'", 150f. 

Rio Janeiro, fort Villa- \ 
gagnan j 


Marainbaya I., EW 8 I., J S,"! 
W pt., (E entr. of llha V 
Grande B.,w,b), bill 2066f. J 

Lagc rk. 18f. 

I. Grande, EW 6 1., ® N,1 
E. pt., or Pt. Castelhanos J 


Pt. Cairo 9 u, E sum of Mt. 


St. Sebastian, (®, w, r, b), tow 
St. Sebastian I., % 5 1., vis. ' 


I Moela It. F lOOf. 

I Santos, Harb., r, w' 7m. ) 


Lage de Santos, rk. 7f. 


Bora Abrigo,I.,[l^m.], 

(4; E, Cananea, Wl, bar 3 ) 


Paranagua B., I 
I. do Mel, % 2 


St. Francisco I., 
t, N pt 


Arvoredo I., % 2m., sui 

Anhatomirim, w N 2m., r, ] 
b, fort, fl. st J 


St. Catherine I., -nP- 10 1., (ffi, | 
NW-d.), Npt 1 


Lat S 1 

Lon.W 

i 7 ° 58 ' 

38° 42' 

16 17*3 

39 0-2 

19 37-0 

39 46 

20 19^- 

40 16 

20 43*9 

40 27 

20 44 

40 21 f 

22 2 

41 0 

22 25 

41 41 

22 46^ 

41 45 ! 

23 1*3 

41 58-2 ' 

57 

42 39 

23 I 

42 54 

23 5'^43 ^ 

22 54 - 7 j 43 9 ‘c' 

22 53*843 9 

22 59 

'43 

23 36 

■43 32 

1 

^3 4 * 4:43 59 

1 

23 6-643 49-7 

^3 97 j 44 5’2 

23 25 * 9'45 V- 

23 i8-2'44 35 

23 32*945 3*2 

1*3 44 i |44 59 

23 47 

45 21 

23 57 

45 *5 

23 51 

45 45 

24 3 

46 15*5 

23 55-846 19 

24 I 

46 24 

24 6 

45 40 

24 18 

46 1 1 

24 28 

46 40 

24 37 

47 22 

25 7 

47 5 > 

24 59 

48 6 

25 22 

48 3 

25 31 

48 28 

25 33 

48 19 

25 47 

48 22 

25 53 

48 36 

26 7 

48 33 

3 26 21 

48 32 

26 47 

48 47 

27 8 

48 29 

27 17 

48 22 

27 25-548 34*5 

27 22-548 25-7 

27 35*448 32 

27 49 

48 25 

27 54 

48 35 

28 14 

48 36 


: Lagoa, (City Im. W-d.), bar .... 

C. Sta. Marta 

Rio Grande do Sul, entr. 2 , w, 1 ' 
r', E pt. tower, It. R 2«n 9Gf. j 
Grt. Castillos rk., (like al 

I schooner) j 

Ranger rk., small, 

C. St. Mary, N-d. 10 ) 

I. Lobos, [Im.], (rfs. E-d. 3m.) 

Maldonado, tower, w © 

Flores L, [lra.],lt.R3“'120f. ... 
Montevideo, Rat I 

— .Summit R .3'” 486f. 

Fudish Bank, NS 5m., N pt,lt. 
Arehimedes bk., [1 1.], 3 , mid. 

('olonia. It. R 3“* llOf. 

Buenos Ayres, mole, landing pi. 

!Pt. Indio, / .. .. 

Ortiz Bk., It. v., F, f O 

C. .^t. Antonio, N pt.,or pt.Rasa 
i Pt. Medano, (shl. Cm.), S sum. 
Mar Cbiquito, (entr. impract.) 
C.Corrientes,A, i, 120f.,E sum. 
j Pt. Mogotes, A, 104f., S 2m. 

Gueguen R., H^, 

1 Sierra Ventana, 3500f 

1 Bahia Blanca, Mt. llermoso ... 

— Fort Argentino 

II. Colorados, bar 7 f 

Union B., iTf., Indian Hd., ) 

45f., 1, W', 15 j 

San Bias Harb., \y', V", r, \ 
r, Main Pt. 35f., W entr... j 
R. Negro, bar 7f. .^Main Pt, 1 

fl. st., r, V) I 

Port St Antonio, ffl, w, b, E \ 
hd.orVillarmoPt.,(bk.4m. > 

.S), hum. 4 Of. ) 

Sierra de Sn. Antonio, 1700f. .. 
Port San Josef, Wq, b,W head, pt. 
Valdez Penins., Pt. Norte, 5 Im. 

— Slils. and overfalls, E lim... 
Pt Delgada, 200f., SE cliff .... 
Nuevo G., E, or Nuevo lid., 1 

1, 200f., J, (w', b) ) 

— Whd., Ninfas Pt. 240f.,\ 

rks. 2m., E clitf } 

Salabcrria rf., ^ 8m., N and 1 

E pt j 

Port St. Elena, w,,, b^, S Head 

C. Two Bays 

Arce I., [Im.], SE sum 

The Oven, or Prince Regent 1 

haven, E0, entr } 

Medrano rks 

Tova L, 4m., (Cove -j^, \ 

)/, w) j j 

C. Aristazabal, (rks. off) 

Salamanca Pk., 700f., 1 1. in- 1 

land ) 

C. Tliree Pts., ab. 2000f., ) 

Im., NE pitch / 

C. Blanco, /, rugged, (shls. ) 

2 1.), NE sum., (S Cove, } 

^,V") ) 

Fort Desire, w^ V, ruins 


Lat. S 

Lon.W 

28° 

28-5 

48° 

48' 

28 

39 

48 

50 

32 

7 

52 

8 

34 

24 

53 

46 

34 

30 

S 3 

5 * 

34 

39 

54 

9 

35 

1 

54 

52 

34 

53*5 

54 

577 

34 

56 

55 

55 

34 

53*3 

56 

13*5 

34 

53-0 

56 

15*0 

35 

7 

55 

56 

35 

12 

56 

8 

34 

28*0 

57 

517 

34 

35*5 

58 

22*0 

35 

>5 

57 

9 

35 

7 

56 

39 

36 

19 

56 

45 

36 

59 

56 

41 

37 

47 

57 

22 

38 

5 

57 

29 

38 

II 

57 

3 ^ 

38 

36 

58 

40 

38 

11-7 

61 

56-5 

38 

59 

61 

40 

38 

43*8 

62 

15-0 

39 

52 

62 

4 

39 

57*5 

62 

7*2 

40 

30*4 

62 

8 

41 

2 

62 

45 

40 

49 

64 

54 

41 

41 

f 5 

12 

42 

14 

64 

25 

42 

3 

63 

48 

42 

15 

63 

18 

42 

46 

63 

37 

42 

53 

64 

8 

42 

58 

64 

20 

44 

25 

65 

8 

44 

32 

65 

22 

44 

55 

65 

31 

45 

I 

65 

29 

45 

0 

65 

40 

45 

10 

65 

53 

45 

6 

65 

56 

45 

13 

66 

30 

45 

34 

67 

20 

47 

6 

65 

51 

47 

12 

65 

44 

■ 47 

45-065 

55*5 
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(141) ^ Places 

Sea Bear B., Vt b^, w at pt ., ) 

I Penguin I. j 

Sirius rk 

Monte Video, ab. 300f., 4ra. 1 

inland j 

Watchman C., /, (shl. 21., :1 ).. 
Bellaco rk,, or Eddystone, Cf. . 

C. Curioso, /, striped 

Wood’s Mt., vis. Ill 

Port St. Julian, l£], Sholl Ft... 

C. Francisco de Paulo, 1 j 

Port Sta. Cruz, bar TTf., Mt. ] I 
Entrance, on S side,l, 350f. j I 


South Georgia, ^ 301., C. 

North, pt., or C. Buller ... 
Wallis I., EW 4m.,Wpt.. . 


MARITIME POSITIONS 
Lat.S Lon.w| (142) Places 


4S 14 66 26 

4S 21 66 20 

48 29 66 12 

49 II 67 37 • 
49 i 3‘7 67 45*0 
49 15*367 4»*2 


Clerk^rks., ^21.,- 


Marquis de Traverse Is., A, ( 
N one, Zavodovski, [3in.] j 


Saunders’ I., ^ 6m., sum. 


Laurie I., EW 71., E pt, C. 
Dundas, 559f. 


Coronation 12 l.,E sum. 
5397f. 


Despair rk. 


O’Brien I., [Im.] 
Rocks 


Bridgeman I., [2m,], 600f. 1 

volcano j ^ 

'King George I., #131.,! 

I E pt., or C. Melville ... j • 

Ridley I., [2ra.] 

Livingston I., -gp- 101., NW 1 
pt, C. Shirreff j 


■ Livingston I., -gp- 101., NW 

I pt, C. Shirreff 

, Deception I ., N S 1 Om ., Port 1 
1 Foster, Mt. Pond ... | 
Smith I., EW71., Mt. Fob- 

j ter, 6600f. 

William rk 


JoinvilleT., EW 151., Spt.,] 
1 or C. Purvis 


Biscoe Is., Pitt I., mid.. 
— Adelaide I., A, mid, . 

Alexander I., N pt 

St. Peter I 


SO 

9 

68 

22 

53 

57 

38 

13 

54 

4 

38 

22 

54 

31 

37 

13 

54 

55 

36 

11 

55 

I 

34 

48 

53 

48 

43 

^5 

56 

18 

27 

29 

56 

41 

28 

10 

57 

10 

26 

45 

57 

5^ 

26 

24 

58 

27 

26 

44 

59 

0 

26 

18 

59 

26 

27 

13 

60 

49 

44 

20 

60 

54 

44 

25 

6r 

2 

44 

30 

60 

43 

45 

10 

60 

46 

45 

53 

60 

35 

46 

40 

60 

36 

47 

12 

60 

40 

47 

38 

61 

4 

54 

28 

61 

6 

54 

45 

61 

0 

55 

40 

61 


55 

5^ 

61 

43 

56 

50 

62 

6 

56 

40 

62 

2 

57 

30 

61 

eo 

58 

0 

6z 

28 

60 

28 

62 

55*6 

60 

35*0 

163 

2 

62 

47 

63 

17 

63 

0 

63 

45 

61 

50 

63 

x6 

00 

to 

20 

63 

39 

55 

48 

64 

13 

56 

3» 

64 

12 

58 

a 


o Sir Jas. C. Ross* furthest 

® I Mt Erebus, 12,4000f. 

‘•g Mt. Sabine 

^ Balleny Is 

B Adelie Land, Geology Pt 

Jason Is., 9 1., 5 II, W Cay 


White rk 

New I., NS 5m., ® , NW pt 

“ Bird I.. EW l|m., 410f. 

West Falkland, 25 1., Port ) 
Stephens, S3, entr. E pt sum. ) 

C. Meredith, S extr. 290f. 

Albemarle rk. 150f, 

Port Edgar, S head, sum. .. 
jC. Tamar, 150f., N cliff, sum.. 

! Port Egmont, Cove, ruins 

sj Wreck I., EW 3m., W extr.... 
i Port San Carlos, ^,w, b, Fan- 1 

I ! ning lid., SW sum / 

§ I Eddystone rk., 200f. 

tS I East Falkland, 27 1., Port ) 
Salvador, 1^1, Shag I., entr. j i 

I C. CarysCort, NE cliff j 

I Port Louis, [^, Settlem., fl.st. © 
- E extr., C. Pembroke, It. F 1 lOfJ 
■ Pori William, Stanley w', 1 

1 r, r, b. Gov. Store lio / 

; Lively l.,N.S 7m., SE pt.,(rks.) 
Sea Lion Is. and rf., EW) 

11m., W extr j 

George 1., 7m., rks. W ) 

[ 2m., SW pt j 

; A shoal ? 

; Bcauchene I., [l-im.], 200f., ( 
j (rk. -4- 5m. .?), S pt j 

Patagonia, continued from (141)1 

Coy Inlet 

C. Fairweather, ab. 300f., S pt. 

Port Gallegos, E0, W head 

C. Virgins 

Dungeness Pt ® 

~ |C. Possession, ab. 300f., mid. 
.Direction Hill Obs. spot ... © 

Sandy Point, boat-ho © 

Orange Pk 

Pt. St. Mary, ( w, b) 

Port Famine, tent N side Bay ® 
^ C. Froward, (S extr. of America) 

^ Port Gallant, Cross Id 

^ Mt. Sarmiento, 6800f., 2 pks. 

iMt. Buckland, ab. 4000f 

Q Port Angosto, Hoy Pt 

^ jTuesday B., Cascade Pt 

^ iPort Churruca, Thumb Pt. .. 

jPort Tamar, Mouatt Id 

jSholl B., Obs. spot 

,Pt. Catherine, I 


Lat. S 

Lon. 



West 

65' 

20' 


40' 

67 

*5 

68 

*5 

68 

51 

73 

10 

68 

57 

90 

46 



East 

78 

4 

161 

0 

77 

33 

166 

58 


42 

16(3 

55 

66 

44 

163 

11 

66 

35 

14c 

10 



West 

50 

58*5 

61 

27*7 

51 

3*2 

61 

3*0 

5» 

*7 

60 

5a 

51 

42 

61 

J7 

52 

1 1 

60 

54 

52 

1 1*0 

60 

41*2 

. 5^ 

15*2 

60 

38*0 

52 

*3'o| 

60 

21*7 

5^ 

0*7 

60 

*3*? 

51 

*7 1 

59 

29 

5* 

21*0 

60 

3*0 

5* 

10*0 

60 

14-0 

5^ 

27*2 

59 

7*2 

51 

10*0 

5, 

2*5 


^3*7 

00 

19*0 


1 

25*2 

57 

50*5 


32*0 

58 

7*0 

Js* 

40*7 

57 

42*0 

IsJ 

41*2 

57 

5* 


52 

4*7j58 

25*0 

52 

25*059 

8*5 

52 

22*3 59 

477 

52 

32 |59 

40 

52 

55*7 59 

12*7 

50 

54 69 

8 

5* 

32*1 68 

55-5 

51 

38*7 69 

430 

52 

20*2 68 

21*7 

52 

24 68 

25-7 

52 

17 0 68 

567 

52 

22*4 69 

29 

53 

10 70 

53-5 


52 28*3 69 25*5 

53 21*270 58*0 
S 3 38*3 70 56*0 I 
53 53*7 71 i8*5 

53 4 » 71 592 

54 27*270 51*5 
54 26*070 227 
53 «*9 73 ^^’5 

52 49-9 74 ^^'5 

5 3 **073 59 'S 
5a 55*5 73 44 *: 
52 44*a 73 53 
52 31 68 44 




MARITIME POSITIONS 


C« St. Sebastian, 1, dark, N siim. 

0. Penas, SE cUff 

C. San Diego, /, 1, E pt 

Staten I., ^ 12 1., E pt , C. » 

St. John, S3, w, b, E cliff j 
—Port Vancouver, w,b, SWhd. 
Good Success B., w, b, S hd. 
C.<jood Success, A, X»rks. close 
U^huwia, Beagle Channel,)^ 

Mission Station J 

New I., ^ 8m., Jq, E pt. rk... 
Barneveldt Is., [2.^m.], cent... 

C. Horn, ab. 500f. 

Hermit I., EW 14m., West C. 
J — St. Martin Cove, S3, b, w .. 

5 Orange B., B3, Burnt I 

§ False C. Horn 

- IldefoASO Is.,%5m., 100f.,inid. 

« I 

b Diego Ramirez Is., NS 5in.... 

York Minster 

C. Castlereagh, (barb. NE-d). 
C. Desolation, (pks. over) 


C. Gloucester, W pt. . . . 
Landfall I., C. Schetky, ( 
C. Inman, (rk. 2m) 


Harbour of Mercy, {t ** 4 m. | 
E-d.ofC.), Bottle I,, sum. J 


Lat 

.S 

Lon.W 

53° 

19' 

68° 

10' 

53 

Sii 

67 

33 

54 

41 

65 

7 

54 

42*8 

63 

43*5 

54 

49*8 

64 

6*0 

54 

49 

65 

*3 

54 

55 

65 

22 

54 

53 

68 

14 

55 

IS 

,66 

27 

55 

49 

66 

45 

55 

59 

,67 

16 

55 

50 

67 

55 

55 

51 

67 

34 

55 

30* 

3 68 

2 

55 

43 

68 

6 

55 

5* 

69 

19 

56 

*5 

68 

44 

55 

*5 

70 

5 

54 

56 

71 

28 

54 

46 

71 

37 

54 

4**: 

371 

55*7 

54 

37 

73 

3 

54 

30 

73 

6 

54 

5 

73 

29 

S3 

22 

74 

13 

53 

18 

74 

19 

5^ 

55t 

74 

38 

52 

54 

74 

37 

5^ 

51 

74 

49 

5^ 

43 

74 

43 

5* 

45*< 

3 74 

39*5 

5* 

22*5 73 

40 

5^ 

15-5 

?73 

4* 


‘ LatS Lon.W 


Isthmus B., Obs, Pt 52 9 6 73 36*5 

Columbine Cove, islet 51 53*3 73 4**5 

Mayne Harb., head of Str. ... 51 i8‘5 

Puerto Bueno, Obs. Rock 50 59*474 >''7 

Port Grappler, Obs. Pt 49 25 3 74 17*5 

Eden Harb., cove, (staff) 49 7*5 74 ^5 - 

Halt B., Obs. 1 48 54 3 74 21 

Island Harb., Obs. 1 48 3’6 74 36 3 

Westminster Hall, [Im.], k .. 52 37 74 24 

Evangelists, Sug. loaf 5» »4 75 7 

C. Victory, or Narborough, pt 52 16 74 55 

Diana Pk 52 g 74 48*5 ; 

C. Isabel, A, 1, (pk. 2m. E), pt. 52 75 13 
• Cambridge I., C. St. Lucii ... 51 30 75 

Scout rks 50 49 75 40 

MadredeDios Archip., Wpt. 1 36 75 3^ 

C. Three Pts., 2000f., (rks. 2m.) 50 2 75 22 
Port Henry,®', w, b, W head 50 o 75 18 

C. Montague, (rks. 2 i.),W cliff 49 7 75 34*5 

Parallel pk. 2 bi. inland 48 46 75 

Dundee i4c 48 6 75 40*5 

Port Sta. Barbara, ®, W head 48 2 75 *7*7 
Guaianeco Is., Wager I., E pt 47 39 74 58 
C. Machado, (rks. 2m.) o !47 »6*5 74 30*5 
Purcell I., I 2 m.l % SWrk.O 46 56 5 74 4* 
Port Otway, S entr., .sum. 46 49*^*75 17 2 


C. Tres Montes, 1, 2000f., pt,. 

C. Raper, rk. close 

C. Gallegos, j 

San Est^an, port, w, 5^, entr. 

Hellyer rks., [Im.]' 

C.Taytao, ab.3000f.,i,i$lm., ) 

Wpt } 

HuamblinI.,NS31.,t,Whd. 
Ypun, or Narborough I., 
ym.,(Scotchwell Harb.,SE, > 

b, w), S, or John Pt ) 

Port Low, B3, w'", b, r, Hua- ) 

canec I., 2m., S pt j 

Huafo I., ^ 13m., ) 

NW pt. 8()0f., (rks. 3m!) j 
Chiloe 1., NS .321., W pt., 1 

C. Quilan, ^ j 

— C. Matalqui 

1 1 lu'idmcucuy lid 

Corcobado Vole. 7:)()0f. 

Chayapireii Vole., 8000f., sum. 

C. Quedal, j 

Pt. Galera, W pt 

Gonzales Hd., N pitch 

I^'ort Corral 

Valdivia, City 

Mocha I., ^ 7m., (rks. 3m., ) 
^/'pand-^, r.,,b, w'"), J 

sum., 12301. ) 

Tucapel Ild.,(R. Lciibu, E-d.) 
Sta. Maria I., NS Om., I, J, ) 
(rks. 1 1.: w', 1), r), ri- > 

vulet SE side ) 

• Arauco, fort 

Paps of Bio Bio, 800f., SW sum. 
Concepcion, City, mid. at 1 

river ) 

Talcahuano, w, r, b^, fort Galvez 

Pt. Carranza, rks 

Riv. Manic. Clmreh rk., (barl 

0 ) 

Bncalemo Hd., (Rapel shl., 1 

^2m.) j 

Algarroba Pt 

(’araumilla Pt., rk 

Bell of Quillota, 6200f., 7 1 . ) 

inland ) 

.\eoneagua, 23,200f. , 2.5 1. inland 
Valparaiso, [H, (It. Fj 
f. on NW, or Angeles J 

Pt.). fort St. Antonio ) 

Horcon B.,(i^', w', r, b), Hd., » 

f^rks. l^m.) j 

Papado B., Gobernador Mt. ... 
Pieliidanquc B., s, Locos I. 

Mt. Talinay, 2300f. 

Pt. Lengua de Vaca, (B. E-d.^J) 
Herradiira de Coquimbo, ®, 1 

w^ b,,, SW corner ) 

Coquimbo. [0. w,, b, r, ([, Sig- ) 
nal-hill). City, Mr. Ed- j 

wards' ho 

Pajaros islets, 2, % 3m., N 1 

( & W one 1 

' Chancral I., [2m.] 

Gua.sco Port, w'", Riv 


46°59' 75°a6 

46 49 75 39 


44 40*7 74 45*7 

43 48*5 73 59-5 
43 36 74 46 

43 >7 74 *3 

42 II 74 II 

41 46 74 o 

43 ”'3 7* 45*7 

42 48-0 72 31-5 

41 3 73 57*7 

40 2 73 43*7 

39 SI 73 *6-7 
39 5^*9 73 *6 
39 49 73 157 

38 *3 73 557 


37 

36 

73 

38*7 

37 

2*8 

73 

31 

37 

15 

73 

19 

36 

48 

73 

117 

36 

49*5 

73 

2*2 

36 

42*0 

73 

7 

35 

37 

72 

387 

35 

19*7 

72 

26*2 

33 

52 

71 

497 

33 

26 

71 

42*7 

33 

6 

71 

44*7 

32 

57** 

'71 

6*2 

32 

38i 

69 

57*7 

33 

1*9 

71 

38 

32 

4*i 

r 

30*7 

32 

31 

171 

28*7 

32 

7*9 

71 

327 

30 

51 

7* 

387 

30 

14 

7* 

387 

29 

00 

71 

227 

29 

54*2 

7* 

*57 

29 

33 

71 

35 

29 

I 

'71 

37 

28 

27 

71 

16 
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TABLE 10 


MARITIME POSITIONS 


Herradura Pt., 

I Copiapo, ^ ^o» land.pl. 

Morro Pt 

Port Caldera, W hd., (w 2m.) 

i Flamenco, port, S head 

fiallena Pt., rks 

Grande Pt., A, E, W sum. 1 

1572f. / 

Paposo vill., w, b, White hd. .. 

Jara Hd., 1, w N 

Mt. Moreno, (Jorge, old), 1 

4160f., i 

— Constitution Rd., b^j 

Leading bluff, islet off 

i Mt. Mexillones, 2560f., (3m. \ 

I inland) .... 

■ Cobija B., \v', r, fl. st., 

— Pk. 3330f. 

C. St. Francisco, or Paquiqui .. 

Arena Pt., /, To 

R. Loa, 11^, w,,, and Gulley .... 
Chipana B., tail of pt., 

Lobo, or Blanco Pt , A, 

Carrasco Mt., 5520f., (4m. | 

Grueso Pt., /, 1, L 

Iquique, w, cent, of Id 

Pichalo Pt., projecting 

Pisagua, Gully and R., HqW^... 

C. Lobos 

Victor Gulley 

Arica, w"', r, mole 

Morro of Sama, 3890f 

- Coles Pt., I, sandy, (shls. ^m.) 

Ylo, \V, b, rivul. mo 

Pt. Mexico, /, t 

Islay, port of Arequipa, Cus- 1 

tom ho I 

Cornejo Pt. ... 

Quilca, l„ Cove, W hd 

Mt. Caraana, (Mt. like a fort) 
Pescadores Pt., (rk S Im.) 

Pt. Lomas, ••• 

Port San Juan, EB, bj,, R, \ 

- (rks. 2m., or Im. from J 

k Steep Pt.), Needle Hum. .. ) 
^ Beware Pt.. A, 1 

Pt. Nasca, 1, 1020f. 


Infiernillo rk., 50f., 

Mt. Quemado, 2070f., t 

ViejaI.,^3im.,^:NE, ;,E,1 

N pt i 

Carretas Hd., S pt 

I Sangallan I., % 2im., A, 1, 1 

1 N sura j 

Pisco, (L', w", S 2m. of Pa- 1 

I racca vill.), r, li J 

Chincha Is., ^ 3m., N pt. ... 


Cerro Azul, A, 1 

Asia rk., [im.], rks. pk., E., 

:Chi1ca Pt., 1, sum. 300f. 

j — Port, SI, rock 

j Pachacamac Is., ^ 1 1., 400f., 1 

I J,W-d., None } 

j Morro Solar (Bay, ^ S), 860f. 


Lat. S 

Lon.wj 

28° 

6' 

71° 

*3' 

27 

19*5 

70 

59 

27 

7 

70 

59 

27 

3-0 

70 

53 

26 

34 

70 

45 

25 

49 

70 

48 

25 

7 

70 

31 , 

25 

2 

70 

30 

23 

53 

70 

33 

23 

28*5 

70 

35*2 

23 

26*7 

70 

37*5 

23 

I 

70 

32 

23 

65 

70 

32 

22 

34 

70 

iS 

22 

32 

70 

15 

21 

56 

70 

12 

21 

39 

70 

10 

21 

28 

70 

3 

21 

23*0 

70 

8 

21 

5 

70 

*3 

20 

5^*5 

70 

7 

20 

23 

70 

n 

20 

12*5 

70 

11*5 

19 

37 

70 

16 

19 

34 

70 

>4 

18 

45 

70 

24 

18 

43 

70 

21 

18 

28-1 

70 

23 

17 

59 

70 

53 

17 

42 

71 

23 

17 

37 

71 

21 

17 

11 

71 

49 

17 

0*0 

72 

7*2 

. 16 

52 

72 

10 

16 

42-3 

72 

28 

16 

37 

72 

42 

16 

24 

73 

18 

>5 

33-2 

74 

52 

IS 

20*9 

75 

23 

15 

9 

75 

23 

14 

57 

75 

32 

14 

41 

75 

5* 

14 

40 

75 

54*7 

14 

20 

76 

7.7 

14 

15 

76 

13*7 

. 14 

11 

76 

1 6*7 

13 

SO 

76 

287 

13 

43 

76 

137 

13 

38 

76 

247 

13 

3 

7^ 

30*7 

12 

48 

76 

387 

12 

31 

76 

50 

12 

29-3 

76 

♦9*5 

12 

18 

76 

55*7 

. 12 

II 

77 

3*7 

1 


San Lorenzo I.,^4im.,1284f. 1 
N pt., or C. St. Lorenzo ... ) 
Callao, ffi, [0, r, w, b. Arse- 1 

nal, il. st ) 

Lima, bridge 

Hormigas flEs., [IJm.], 25f., 1 

J, S one ] 

Pescador Is., j, large 

Salinas, hill, (Haura Is, SW-d.) 

Pelado rk., small 

Huacho B., a , r, w, b, pt. 
Sup6 B., r, w, viil., W pt... 

Darwin pk., 5800f. 

Guarmey B., 4?', wv6, r, V 

Legarto Hd., 1 

Culebras Pt, 4? N 

Mt. Mongon, A, W sum. 3900f. 

Casma B., L, w, r, b 

Samanco B., \v', r, b, huts.. 

Mt. Division, 3 pks., 1880f. ... 

Verrol B., N pt 

Santa 1., [l.^m.], ^t'NE, w, r 

Santa B., ^ J , wat. pi 

Chao Is., large, [^m.], 120f.... 
Guanape hill, ab. 700f., (Is. 1 

Ti-8m.) .....j 

lluanchaco Road, r, w, Ch, 
Truxillo, (l^m. inland), \^,r, Ch. 
Pacasmayo pt., t, w, r, b ... 
M t. Sulivan, fjOOOf. , 1 7m. inland 

Eten Hill, 640f., a Mk 

Lanibayeque Rd., I [q, 1 

r, b„ ) O 

Lobos de Afucra Is., NS 3m., ) 
ab. loot, Wo, bo, ! 

Cove E side ; 

Lobos de Tierra,NS 2 1.,^? -|^, 1 
5^ pt ] 

Aguja Pt., 1, 150f.. 

Pisura R.. Sechura Ch. ... 


? ! Saddle of Payta, 1300f. 

{V I Payta, [b], ■%, r, new end .. 

Parina Pt., 1, 80t’ 

C. Blanco, A, 1, 

Picos Pt, 1 

Malpelo Pt., I, ^ 

Sta. Clara I., [li^m.], shls. It. F 
Puna I., 4^1^ 9 l.,Pt.Espanola, 1 

Consulate ) 

- Guayaquil, w, f, b. Arsenal ... 

St. Helena Pt 

Salango I., [Im.], w, ll^E .... 

Plata 1., ^ 3ra., sum 

C. St. Lorenzo 

C. Passado 


^ I Atacames, town, w, (shls.) . ..., 

X I Esmeralda R., vill. E bk ' 

i Pt. Mangles 

Tumaco Rd., Morro chico ... 

Pt.- Guascama 

I. Gorgona, .510., 1296f.,N pt. 
Pt. CbirainOira 


Lat. 

|Lou.W 

South 



12° 

' 4' 

77° 

IS' I 

12 

40 

77 

lO'S 

12 

3 

77 

2’7 

11 

S8 

77 

467 

II 

47 

77 

167 

II 

15 

77 

367 

II 

28 

77 

49*7 

11 

9 

77 

37*7 

10 

49*7 

77 

44*0 

10 

30 

77 

46-7 

10 

6 

78 

9 7 

10 

7 

78 

107 

9 

58 

78 

127 

9 

38 

78 

18 7 

9 

28 

78 

227 

9 

15-6 

7* 

292 

9 

1 1 

78 

347 

9 

7 

78 

367 

9 

2 

78 

39 7 

9 

0 

78 

387 

8 

46 

78 

457 

8 

27 

78 

537 

8 

5 

79 

5*7 

8 

7*5 

79 

1*0 

7 

25 

79 

3+*7 

7 

17 

79 

177 

6 

55 

79 

517 

6 

46 

79 

567 

6 

567 

80 

41*0 

6 

29 

80 

49*7 

5 

55 

81 

67 

5 

35*0 

80 

467 

5 

12 

81 

67 

5 

5*5 

81 

5*5 

4 

41 

81 

21 

4 

17 

81 

16 

3 

45 

80 

48 

3 

31 

80 

31 

3 

10 

So 

26 

2 

47*5 

79 

57*0 

2 

I2’4 

79 

52*7 

2 

11 

81 

2 

1 

36 

80 

54 

I 

16 

81 

7 

1 

3 

80 

57 

0 

21 

80 

32 

North 



0 

50 1 

80 

7 

0 

53 

79 

53 

1 

0 

79 

42 

I 

35 

79 

5 

I 

49*6 

78 

44*5 

2 

37 

78 

24 

3 

00 

78 

10 

4 

17 

77 

29 






Guatemala Central , America Costa Eica ^ Panama 


TABLE 10 


57S 


MARITIME POSITIONS 


Lat. N i Lon.W 


C. Corri^ntes 

C. Francisco de Solano . 
Pt. Caracoles 


Pt. Guarachina, (S side, I 
entr. G. St. Michael).. J *” 
I. Rey, % 6 I., Pt. Cocos ... 

I. St. Jose. [2 1.J, S pt 

Panama, BB, NE bast ® 

Taboga I., [2in.], vill. w .. 
Otoque Is., % 2 jm., S islet.. 

Pt. Chame 

Pt. Mala 

Point Puercos 

Hicaron I., (Quicara), andl 
islet S), NS 5m., S islet - J 

Quibo I., % 7 1., W pt 

Montuosa I. [^m.] 

Bahia Honda, E0, w, Senti- » 
i nela I., at entr., (w 2m.) j 

I Pt. Burica, Id. off 

Magnetic I., (off Po rt Pne- \ 

bio, [4c.] / ® 

G. of Dulce, C. Matapol, \ 

(rks.off) / 

Cano I. [Im.] (w''' la-m.) 
Nicoya G., Puntas Arenas 1 
harb., r, Pande Azucar j 
C. Blanco, ■^, (islet S, I 

lira., II)... j 

Guinonos Point, (reef off)... 

C. Velas 

Culebra, §0, entr. S, Vira - ) 

dores Is / 

St. Elena Pt 

Salinas B., Salinas I., [3c.] . 

Port St. Juan, S bluff 

C. Desolado 

Realejo, ® , r,b, Cardonl., \ 
i{^|m.,Npt.,(w-|4 1m.)/ ® 

Volcan Viejo, 5562f. O 

Pt. Conseguina, (Volcano, i 

3800f. -f 3 1.) ) 

G. of Conchagua, Port Na- 1 

cascolo j 

— Port de laUnion, 00, V, r, 1 

Chicarene Pt j 

Libertad, U, f, It. 

Pt. Remedies, I, ^ 3m.) 
. Acajutla, vill., n, [,, It. F. 
San Jose de Guatemala,'! 

Pier Road j 

Water Volcano 

St. Franc, de Tehuantepec, bar 

Port Guatulco, rky. islets 

. Port Galera 

Acapulco, 03, w', r, fort St. ! 

^ Diego. [0 : 1® 

j Pt. Tequepa 

L Port Sihuatenejo, NW bight.. 

1 Tejupan R., S head 

I Colima Volcano, 12,000f. 

I Manzanilla B., village. 
Port Navidad, S head, sum. ..i 

Pt. Farallones, (rks. off) 

C. Corrientes, flat, | 

.\trevida, (Corvetena?) rk. ...j 


5 ° 

29 

77 

3 *' 

6 

17 

77 

27 

7 

40 

7 « 

16 

8 

6 

78 

*3 

8 

13 

78 

54 

8 

12 

79 

7 

8 

5^*9 

79 

31-2 

8 

47*9 

79 

32*2 

8 

34 

79 

29 

8 

39 

79 

41 

7 

28 

79 


7 

14 

80 

25 

7 

12 

81 

46 

7 

31 

81 

51 

7 

28 

82 

13 

7 

43*5 

81 

31 

8 

I 

82 

55 

8 

4-6 

81 

47 

8 

16 

83 

17 

8 

40 

00 

51 

9 

SS-8 

00 

5 * 

9 

32 

85 

7 

9 

55 

85 

37 

lO 

»9 

85 

5° 

TO 

34*3 

85 

40’c 

to 

55 

85 

46 

II 

2*8 

8S 

39 

11 

15*2 

85 

53 

IZ 

24 

87 

2 

12 

27-9 

87 

9*5 

12 

41 

86 

58 

12 

58 

00 

37 

12 

59 

87 

16 

*3 

17*1 

87 

44*2 

13 

30 

89 

17 

13 

33 

89 

45 

13 

37 

89 

45 

13 

5 b 

90 

45 

H 

33 

90 

41 

i 6 

13 

94 

51 

15 

44*4 

96 

8 

i 6 

0 

97 

5 ^ 

i 6 

50*8 

99 

52-c 

17 

20 

lOI 

8 

17 

38*0 

lOI 

31*0 

i 8 

16 

103 

^7 

|i 9 


103 

33 

•Ii 9 

3*3 

10^ 

• 17*1 

|i 9 

13 

104 

415 

19 

17 

105 

8 

{ 20 

25 

105 

39*5 

jzo 

43 

105 

47 


I Banderas B., Pt. Mita 

j Tres Marias Is., S. Juanito... 

! Mt. St. J uan, 6220f., 3 1. inland 
San Bias, w , r, f, Ars**nal ... 

Picdra de Mar, 150f., T 

Isabel I., Wq, pk 

Chamatla R., m., W pt 

Mazntlan, Cust. ho 

Culiacan R. entr 

— Ahata 

I. St. Ignacio, [Im.] 1, 300f, 

Pt. St. Ignacio 

Ester ro de Ajiabainpo, bar.... 

Pt. Rosa 

Lobos I., [.5 1.], SW pt 

Guayma‘-, \Vq, Morro,spit 

■ C. Haro 

Tetas de Cabra, (goats’ teats) 
I. St. Pedro Nalasco, [I 1.]... 

Tibnron I., [9 1.], W pt 

C. Tcpoca, 

I RotkyPt 

• Colorado R., Port Isabel ... 

San Luis I 

I San Felipe Pt 

^ Guardia I., ^ 13 1., N pt....l 

^ Sta. Teresa B., N pt 

^ I. Tortuga, [2iii.] 

5 Sta. Inez Pt 

Aguja Pt 

IldcfoDso I., [Im.] 

Loreto 

Carmen I., 1^4 1., E pt 

(’atalina I., [7m.], N pt 

-I Sta. (’ruz I., [3m.] 

San Jose I., ^ 6 1., SE pt... 
Espiritu Santo I.,^ 4 1., N pt. 

La Paz 

(\Tralbo I., % .5 1., N pt 

Pt. Arenas 

San Jose, Mission r w"" 

C. St. Lucas, rks., A, 

vill. -f ) / 

3 Margarita I., 2000f., S pt. ... 
5 Magdalena B., 00, Fn- 1 

^ trada Pt j 

^ C. St. Lazaro, Mt. ISOOf. ... 

^ San Juanico Pt 

Pt. Abroojos.., 

1. Asuncion 

- Port St. Bartholomew, N Hd. 
1. Cedros,or Cerros, NS Si.,*! 

Spt.? / 

Is. San Benito, W one, small. 

Play a Maria B 

I. San (reroniino, [1 1.] ... ® 
St. Quintin, C, Virgenes. 

C. Colnett, SW pt 

Todos Santos Bay, W Cape . . . 
Coronados rks., 5m., S isl. 
St. Diego. 03, \V, Pt. Loraa © ; 
St. Juan B., 5, [,, Outer rk.! 

St. Pedro B., 23 j, w r j 

Cortez bank, iF^ I 

[St.ClcmentcI.,^[61.],SEpt. 
i Sta. Catalina 1 .,%[ 0 1.], SE pt. I 


Lat. N 1 

Lou.W 

20^46' 1 

105^ 


21 

45 

106 

39 

21 

27 

104 

56-5 

21 

3 a '5 

105 

15*5 

21 

35 

105 

29 

21 

51*2 

105 

53 

22 

50 

los 

58 

^3 

117 

106 

a3 

24 

38-5 

107 

57 

24 

41 

107 

5a 

as 

26 

109 

20 

as 

36 

109 

19 

26 

16 

109 

IS 

26 

41 

109 

43 

a7 

20 

1 10 

36 

a; 

54*0 

110 

50 

27 

50 

1 10 

5a 

28 

I 

111 

I 

27 

59 

III 

19 

28 

5a 

IIZ 

34 

30 

16 

112 

51 

31 

16 

II3 

29 

31 

47 

I 14 


31 

57 ‘ 5 ; 

II4 

24 

31 

2 

II4 

49 

29 

32 

“3 

35 

28 

26 

112 

5a 

27 

21 

III 

53 

27 

I 

111 

56 

26 


III 

53 

26 

38 

111 

24 

26 

0*5 

111 

20-5 

as 

57 

III 

3 

as 

43 

no 

49 

as 

18 

no 

42 

24 

53 

110 

28 

24 

35 

110 

22 

24 

10 

1 10 

17 

24 

22 

109 

56 

24 

1 

109 

50 

23 

3*5 

109 

41 

22 

Sa 

109 

53 

24 

18 

III 

42 

24 

3 a ‘3 

112 

3*0 

24 

47 

112 

16 

26 

2 

112 

II 

26 

42 

1^3 

34 

27 

4 

114 

15*5 

27 

398 

114 

53*5 

28 

3 

IIS 

11 

28 

12 

IIS 

46 

28 

55 

114 

31 

29 

48 

115 

47 

30 

ai ‘5 

115 

58 s 

30 

59 

116 

*5 


4a 

117 

42 

Isa 

24-9] 

117 

14 

Isa 

38-8; 

117 

14*7 

133 

26*9! 

jii 7 . 

.46 

i 33 

43 -a 

118 

i6‘o 

32 

26 

119 

6 

3a 

50 

118 

19 

33 

20 

118 

16 
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TABLE 10 

harttihe positions 


( 149 ) 


Places 


LatN 


[St. Nicolas 1., ^ 6m., John \ 
Begg rk., NW-d. j 

jSta. Barbaia I., [2m.] 

Sta. Cruz I., [71.], W pt. ... 
ISta. Rosa I., [3 1.], N. pt. ... 
San Miguel I., [1 1.], pk. ... 

1st. Barbara, It 

Pt. Conception, It. R ^in 250 f. 

,Pt. Arguello 

San Luis Obispo 

iPt. Pinos, T It F.50f.. ® 

Monterey, r, b, fort.. (P 

jPt. Ano Nuevo 

iFarallones, rks., [Im.] pk. 0 
|St Francisco, w, r, b, | 

Fort, S side, eiur ® J 

IVIt Bolboncs, flTO.'jf., 10 1. ini. 

Pt. de los Ucyes, It. ho 

|C. Bodega, (Russ. Stor, w.). 

Pt. Arena 

C. Mendocino, It. R 

Humboldt B., It. F 

[Crescent City ,Pt.St.Gcorge, 

It. FI / 

|C. Orford, It. F 

[C. Gregory, Empire City,'\ 

It, F. FI / 

|C. Perpetua 

|C. Foulweather, It. F 

5 [C. Look-out 

Columbia R., Fort Astoria...! 
— C. Disappointment, It. F. 
Shoalwater B. Leadbetter pt. 
Gray's Harb., El, bar, N Hd. 

Pt. Grenville 

Destruction I., rf, W 2^m ... 

Flattery rks 

C. Flattery, Tatouch I. , It. \ 

F. 162f. J 

Neeah B.,Wyadda I., SWpt.l 
NewDungenessPt.,lt.F. lOOf. 
Whidbey I., Admiralty hd. I 

It. F. 119f. / 

Port Discovery 

Sraith,or Blunt I.,lt.R^m. 90f. 

Semiahmoo Bay 

Roberts Pt., W. side 

Fraser River, It. v. F 

— Garry Point 

— New Westm. Milit. Barr. 
Burrard Inlet, English B. .. 
Bowen I., Roger Curtis C. ...j 
Howe Sound, Plumper Cove . 
Texada I., Pt. Upwood 

— Marshall pt. 

Jervis Inlet, Hardy I., S W end| 

Mystery Rock 

Hernando I., S Pt 

Mittlenatch I., 200f. 

Valdez I., C. kludge 

Thurlow 1., Knox B 

Port Neville, Robber^s Nob . 
Port Harvey, tide pole islet... 
Wells pass, Tracey hb. Starrk. 
Harb., Byrnes 1. ... 


33°22ol 

33 23 

34 5 
34 2 
34 I 
34 24 2 
34 25 5 | 

34 35 

35 10 

36 38 * 5 l 

36 36*4| 

37 57 
37 42 

37 48-5! 


Lon. W 


53 


”9 44 
119 2 

119 

120 
120 

119 

120 
120 
120 


150) 


Places 


41*0 
26 (, 
39 
44 

121 55 1 

121 53*0 

122 19 
122 59 

122 277 


37 S 2 ' 9 ji 2 i 

37 59'6;I23 

38 i7-7;I23 


38 56 
40 26 

40 46 

41 44*5! 

42 50 

43 20 

44 20 
44 43 

145 20 
46 irs 
46 16-5 
46 38 

46 57 

47 19 

47 40 

48 10*2 

48 232 
48 22 - 5 ! 


9*4 


48 
48 

48 5*5 

48 190 

49 0-0 

49 O'O 
49 3*7 

49 7** 

49 I3'c| 

(49 i 6 - 3 |i 23 


54*5 

02 

3*5 

44 

22 

12 


123 
24 
24 

124 II 
124 33 


124 

24 

24 

124 

123 

124 
124 
124 
124 
124 
124 


22-5 

6 

4 

o 

Sro 

2*2 

9 

14 

26 

47-5 


124 45-2 


49 20-3 
49 24-6 
49 29-7 
49 48-0 
49 43*7 
49 54*8 
49 58-0 

49 57*0 

50 0*7 
50 24*2 
50 31-1 
50 34-0 
50 51-0 
SO S4’4 


123 

123 

124 
124 
124 
124 

124 

‘25 

125 

125 

126 
126 

126 

127 


36-2 

6-0 

39*5 

54-5 

5'-5 

45*5 

5*5 

170 

12-0 

54*5 

12 O 

262 
29*2 
8*7 
400 
147 
46*0 
56 ’z 
1*5 
10*4 
39*0 
4*3 
16 7 
53*2 
190 


Slingsby Chan., Dalkeith pt. 

C. Caution 

Port San Juan, pinnacle rk. j 

N side of Bay j 

Sooke Inlet, Secretary I 

Race L, It. FI. 10 sec. 118f. 
EsquimaltH.,®, w,r,IH 1 

Dnntze Head j 

Victoria Harb., Laurel Pt. ... 
Nanaimo hb , Dr. Benson's ho. 
Nanoose llarb., entrance rk. 

B. aynesSd,, Henry B.,Beak pt. 
Seymour Narrows, Plumper 1 

B., W. pt } 

Albert B . Cormorant I., bluff .| 

Reaver Harb., shell islet 

P. Alexander, Goletas Chn. I 
islet in centre of the port ) 
Bull Hb. Hope I., N pt. Ind. is. 

C. Scott, 500f., sum. of cape 
Triangle 1. 680f. Scott Is. W pt. 

C. Russell, S 

C. Palmerston, ^ 

Quatsino Sd., ent.mt. 1275f. S| 

Observatory Rk., N harb. 

— Observ. I., Koprino barb. 

— Kitten 1., Hecate Cove ... 

I — Reef Pt 


jClerke reefs, W extreme 
C. Cook, or Woody Pt. 

Solarider I 

Naspurti Inlet, Head beach.. 

Sulivan Reefs 

Lookout I., 5, W extreme 
Ninety-eight-feet LslancI 


Kyuquot Sound, Shingle Pt. \ 
ent. of Narrowgut creek j 

[Thirty-feet Island 

fPotchu Pt., J 

Esperanza Inlet, Obser. rk. 1 

Queen's Cove j 

Nuchatlitz In., Port Lang- > 

ford, Colwood I j 

Ferrer Pt 

Bajo Pt., rf. 3m. ... 

Nootka Sound, Friendly Cove] 
Estevan Pt., S extr., rf. 2m. 

! lesquiat Harb., Boat Cove, ) 

leading Mt. 2726f. I 

Refuge Cove, vil. on W side 
Flores I., summit 3000f.... 

Sea Otter Rk. 6f. 

jClayoquot Sound, Obs. I., ) 

Hecate B j 

Gowlland Rks., 10 to 15ft.... 
Barclay Sound. Obs. I., Al- ) 
berni Can., Stamp Harb. ) 

— Observ. I., Island Harb. 

— Cape Beale 

Danger Rk 

Virgin Rks., 135f. 

Pearl Rks., 15f 

Dalk\iith Pt 6 

Safety Cove 

, Coldstream Harb 6 


Lat. N 


Lon. W 


48 33*5 
48 19*6 

48 17*7 

48 25*8 

48 15*41 

49 IO*2| 

49 15*7 

49 36*5 

50 100 

50 35*0 
50 42-6 

50 50*8 

50 54*8 
50 467 
50 51*9 
50 41*0 
50 36*5 
50 27-5 
50 29-4 
50 30 
50 32*4 
SO 217 
50 127 

50 67 

50 117 
50 4*5 

50 O'O 

49 47*7 
49 59*9 

49 55*2 
49 51*2 

49 52*7 

49 47*3 

49 44*7 
49 37*5 
49 35-5| 
49 22-1 


49 27*5 


1 27^40 0 
127 48'o] 

124 27-5 

123 427 
123 32*2 

123 267 

123 23*0 

123 56-6 

124 8 0 

124 51-2 

125 22'5 

126 577 

127 25-0 

127 40 

127 56 

128 267 

129 6*5 

128 237 
128 19*0 
128 37 

128 37 
127 52-2 
127 36-2 

28 o 

^^7 55 
127 57'2 
127 38 
127 41 
127 26*5 
127 217 

127 9*5 
127 i6*o 
127 9*5 

1*7 O'O 

126 5: 

126 5( 
126 5c 
126 yj 
126 33 

126 2< 


49 20*1 
49 i 8 ' 2 | 
49 11*5 
49 15*4 
49 3*6 
49 13*8 

48 54*7 
48 47'4 
48 49*2 
51 17 
51 22 
SI 4*71 

51 31*7 

51 43’3 


8^26 


126 ^ 

126 87 

125 56*2 
125 51*7 

124 50*0 

125 17 
125 13 
125 i 8'5 
128 13 
I128 2 

127 40 

127 56*5 

128 0-5 
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MARITIME POSITIONS 


Lat. N Lon. W 


0 iNamu Harb 

iLoughlin Harb 

Kynutnpt Harb 

C. Swaine O 

Carter Bay 

Holmes Bay 

Stewart Anchorage 

Alpha Bay 

C. Ibbetson O 

Duncan Bay, Observatory Pt. 
P. Simpvson Fort 

Queen Charlotte’s la , 

551., S pt. C. St. James, \ o 

(rks. 1 1.) ) 

— C. Henry O 

— Skidt-gate I. Anchor Cve. 0 

— Hippa I., [1 1.] O 

— Pt. Frederick O 

— Pt. North O 

Port Stewart, 10, Sst. islet ... 

C. Chacon 

C. Muzon 

Forrester’s I., NS 4m., Si 

pt. (rks,) J 

C. Addington 

Port Protection, Pt. Baker 
Coronation Is., [3 1.], S pt, . 

Hazy Is 

C. Ommanney 

Sitka, Arsenal, It. F 

C, Edgecumbe 

C. Cross, rks 

Pt, Bingham 

C. Spencer, rks 

C. Fairweather 

Mt. Fairweather 

^ C. Phipps 

Port Mulgrave, Pt. Tunic'r 

Pt. Manhy 

Pt. Riou 

Mt. Sf. Elias, 14,9l7f 

C. Suckling 

^ Kayes I., ^ 5 1., S pt., l 

C. Hamond ( ^ 

Hitchinbroke L, G 1., S pt. j 
or C. Hitchinbroke, (rks. J 

8m.) ) 

Port Etches, Bl, Russ. Settl. . 
MontagueI.,^1.51.,\V.side, ) 
Port Chalmers,^, E Cove ) 
— Rocks at SE part, outer... 

• ■ — South pt 

C. Puget 

Chiswell Is., [21.1, S rk 

Pt. Gore ....L.... 

C. Elizabeth, E pt 

Port Chatham, 

Anchor Pt., S. hd 

Mt.St.Augustine,(Id.[31.]) I 

sum j 

C. Douglas, E pt 

Barren Is., [5 1.], A, E pt.... 

Pt. Banks 

St.Hermogenegl., [ 2 1.], S pt. 


5i*5i'7 127° 52'5 

51 8*6128 10*2 

52 12*3 *^‘5 

52 18 128 32 

52 49*7 128 24*5 

53 *29 5*2 

5352*5130 5*2 

53 52 130 i7-5< 

54 1 130 36 

54 20*2 130 27*5 
54 33*5 130 26-2 

51 55 » 3 > 2 

52 52 132 25 

53 12-5 132 14*2 

53 33 133 7 

53 58 133 21 

54 20 133 II 

55 38*3 » 3 * 47 

54 43 n* 56 
54 43 ^32 42 

54 48 133 32 

55 27 133 48 

56 20*5 133 32 

55 52 134 

55 54 «34 28 

56 9 *34 34 

57 2*9 135 17*2 
57 o *35 46 

57 56 136 27 

58 3 136 28 

58 13 *36 35 

58 51 137 50 

58 54 137 38 

59 33 *39 47 

59 33 '^ *39 43 'o 
59 42 140 13 

59 54 * 4 * H 

60 17 140 52 

60 I 143 54 

<59 48 144 28 

60 16 146 27 

6c 21*2 146 32 


KodiakI.,^271.,Ept.,C.) 

Grcville, or Tolstoy, rks. 1 

— .St. Paul Harb 57 47 

— C. Trinity 56 45 

Trinity Is., E\V7 l.,E pt ,rks. 56 34 
St. .Stephen!. [3m.]. (rf.E 3m.) 56 14 
Tschirikoff I., [31.], N pt... 55 56 
Schoomngen Is.,E,orTagh- 1 ^ , 

Kiningb 1 ] ^ 

Sannagb,orHalibutI.[21.], ) ^ 

Ounimack, 17 1., W pt.,) 

C- Saritchev. (a rk. off) j 

— S pt., C. Khitouk 54 23 

Ougansok, or Cougalga I., ] 

l'4m.J,NEpk j 5417 

Tigalda 1., 4 1. EW, mid. ...34 5 

Akoun, 5 1. N pt 54 22 

Ourudga I. [2 1.] 53 59 

Ounalashka, 23 1., lllu- j • 
luck. Port, 03. vill. ... ( 53 5 ^ 

— South pt., (rlr 4“ ... 53 

Rogoslov I. [2)0.], Ho, S pk. 53 56-; 
Oumnack I., 18 1., S pt. | 

(Satnalga I. [3 1.], off.) . ( ^ 

Younaska I., 5 1., sum.mid. 52 40 

Amoughta I. [21.] raid 52 33 

Sogtiam I., j['’- 5m., mtd 52 22 

.\mlia I., EW 121., ^ 

j)r. (rk .^m.) ( 5 

Atcha I., 201., C. Northeast 52 31 

- Sitchin 1. [2 I. ], A, vole 52 10 

.\dagh I.. NS 8 1., SE pt... O 51 48 

Kanaga I., p- 9 1., N pt 32 4 

Tanaga I., EW 11 1. (w in | 

Pay. /r-r/.), NW pk.)... f 5* 59 
Gort loy, or Hurning I., or i '' c 
Vo'cano [2 l.J, snow ... j ” ^ 

Illack 1. 1 1 1. ■' SI 24 

.Amatigneh I. [3 1.] 51 5 

I. of Seven Mountains [3 1.] 0 51 58 
Aint.seliitka I..%11 1., W pt. sr 43 
Ki^ka I., NS 8 1., N pt. ...Q 52 22 
Bouldyr I. [1 l.J, (rks. E ) 

Ol.f, mid.. [ 5*4° 

Agattou [4 1.] mid 52 43 

Rocks O 53 3 

Semit.srh. 2 I.s.,7,f 2 1 O 53 6 

Attou, EW 151., W pt 52 58 

St. Paul I., EW 8 1., E pt., \ 

(rf. H 2 1.) / 57 *0 

St. George I., 4 1., E pt.... 56 38 

I Amak [11.]. rk. NW-d. ... 5s 27 
Port Moller, tongue, S pt. 55 56 

C. Strogonov (I. off) 56 52 

R. Soulima, mouth 57 37 

Bristol B., C. Tschichagoff... 58 17 

— C.Constantine (bks. A" d 41.) 58 29 
C.Souvorov, N hd. riv. Nanek 58 43 
Hagetnei.ster I., # 6 1., S 1 

or Calm Pt J 5* 34 

C. Newenham 58 42 

C. Avinoff : S9 40 




(153) Places 


Nuniwak I., EW 23 1., NE pt. 
I, St..Mathew,4|:5: lOL, SE I 

pt, C. Upright j 

— Id.A^Pr-rf[21.]Npt.C.Hall 
I. St. Lawrence, % 301. E pt. 

— West pt 

C. Roumiantsov 

I. Stuart [31.] 

« C. Derby 

I Goloviiie B., W pt 

Sledge I. [2 m.] 

ta Pt. Rodney 

L King I. [1 1.], N. pt 

Port Clarence, w, Pt. ( 

^ Spencer ) 

r C. Prince of Wales, extreme ) 

u W pt. of America j 

S Fairway rk 

Diomede Is., 2, N one, or I 
< Ratmanoffl. [srn.], S pt. j 

Kotzebue Sound, C.Espcn- » 

berg, E pt ) 

— Chamisso I., 23lf., w E . . 

C. Krusentern, I, sandy 

Pt. Hope, I 

C. Lisburne, 849f. 

Icy Cape (shls.) 

Pt. Barrow Noowook 

a. Pacijic Ocean, 

Bishop and Clerk 

Macquarrie I., NS 12 1., N pt. 

“ Judge and Clerk 

Campbelll.[31].ab.l500f.| 
South harb., Shoal pt. ... ) 
Auckland Is., NS 8 1., South C. 

West extreme 

^ Disappointment I., [1 1.] ... 

§ C. Bennet 

^ Mt. Eden, 1325f 

^ Sarah's Bosom, Terror Cve.... 
^ Enderby I., EW 2^m., ll^l 

W,Ep^ ) 

Bristow A., ^ 

. Antipodes I., small 

^ Bounty Is., EW 

u 

O Chatham Is., ^ 20 1., S ) 

~ isl., Pyramid j ^ 

5 Pitt I., TzP- 7m., t, S pt., ) 

(rks. 2m.) f ° 

. Great I., 13 1., S pt., Pt. 1 

Eveque j 

— Port Waitengi, w, Pt. 1 

Hanson J 

— Summit, Mt. Dieffenbach . 
*4 — E extr., Wakuru I., (rf. I 

g 2m.), E. pt ) 

^ Bertier rk., [2m.] W. pt... O 
J West reef, 4 nf., W pt. .. 
^ North-west reef, extr pt. 

.Wio Zealataf. Sec (106) 3. 

Nimrod group O 


Lat. 

Lon. 

North 

West 

60^ 

3^' 

165' 

’30' 

60 

18 

172 

4 

60 

44 

172 

5^ 

63 

19 

168 

30 

63 

34 

171 

45 


TABLE 10 


MARITIME POSITIONS 


(154) Places 


Juan Fernandez I., ^4 1.,) 
Cumberland B. Fort ... J 
e — S pt.,Sta. Clara l.,EW 2m. 

■g Masafuera I 

S St. Ambrose I., 1512f., W. \ 
^ extr. rock (St. Felix, } 
^ 472f., E by S, 9Jm. ... ) 

Sala y Gomez, rks. f^m] 

§ Easter I., ^ 4 1., Perouae \ 

^ Pt., Cook's Bay j 

Diicie I.,^|^ 2m., I4f., NE pt. 
O' Elizabeth I., % 5m., NE pt. 
Pitcairn I., % 2m., 2500f. ... 

Oeno I. [2^m.], N pt 

__ Honuakc 

Disappointment Is., 2, I 
Wytoonce I., SE pt... j ® 

— NW one, Otoohoo I © 

Clermont Tonnere 1., or) 
Minerva, % 10m., SE pt. ) 
J- Serle I., ^{4: 7 m., SE pt 


Lat. S Lat. W I 


33°37'6 78*53' 

33 45 79 ^ 

33 45-5 80 45 


61 49 166 18 1; 

63 28 162 o ^ 

64 17 162 25 

64 20 163 5 

64 36 166 8 

64 39 166 18 

65 o 168 1 

65 i6*7 166 48*0 

65 33 '67 59 

65 39 168 43 

65 47 169 4 

66 33 163 28 

66 13*2 161 46-0 

67 II 163 37 

68 20 [66 45 

68 52 166 6 

70 20 161 46 

71 23 156 22 

South East 

55 15 *5^ 56 
54 35 ^58 $(> 

54 19 ^59 *0 
52 33-4 169 87 

50 56 166 4 

50 50 165 57 

50 37 i66 o 

50 51 166 15 

50 35 166 10 

50 32*5 166 2*5 

50 30 166 19 

50 26 166 18 

49 42 178 42 

47 46-5 »78 56 7 
West 
44 20 176 17 

44 ^5 »76 
44 7 *76 35 
43 57 176 3' 

43 47 *76 39'5 
43 41 176 II 

43 54 176 o 
43 55 176 57 
43 30 *76 SI 

56 30 158 30 


^ Narcissus, or Clerke L ) ^ 

{Puka Puka), E end . ) ^ 

S Pivdpriatie I. (Fakaina\ ) 

4 # 4m., E pt. ;... J '5 5» >40 8 

Arakolieyeff I. (AAanya/f«), I ,55, ,^051 

Minerva rf., or Ebrilles ...O 22 4 133 25 

< C’resceiit I., % 3m., S pt. ... 23 20*5 134 35 

u Gambier IsJ Manga), # 61. ) o 

c rts., m, w, Mt. Vul j *3 8 -o «34 55’° 

y Lord Hood I., [4 l.] W pt. ... 21 31 135 33 

£ Maria I., or Denis f 4 m.. O 22 5 136 16 

o Actieon Is., 3 [5 1.] large ... 21 23 136 32 

^ Cavysfort I. {Tureia)y % I * 

7m.,NEpt '38 « 

Bairow I., N pt ! 20 45 139 3 

Juan Baptiste I O 24 o 139 o 

Marone or Cadmus 1 23 5 137 19 

Cockbiirn I.[4m.],lag. NEpt. 22 iz 138 40 

'39 o 

4 ?n 7 :} “ 33 HO 38 

— Thrum Cap [fra.], NW pt. . 18 30 139 8 

Bow I. (i/ofl), %8 1.,®,) . , 

w,lag. NE side of entr. } 6 o 140 48 o 

— South pt 18 19 

Mollerl. M«!a»«),;,j4 5 1., ) 

Tf, P.NWpt f '7 47 140 5 > 


-I ResolutioiLl., 2 Is. {Taue- ) 
ree), [4m.], SE pt j 

Good Hope I. [2 1.] :... 

S BarclaydeTollyl. (JJaroia), ) 

4^ Tf 6 1., S. pt f 

Wolkonsky I. (ThArwreti),^ I 
I 13m, lag. ||„ N pt. t / 
Whitsunllay I . ( Tematu Lei - ) 
wuwau) [l^m.], NW. pt. / 


17 22 141 35 

16 48 141 38 

16 12 142 30 

15 38 142 6 

19 14 138 36 
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Queen Charlotte I., EW\ rnO.of 

) ‘9 

Egmont [.(PMAaranjrjFo),^'! 

4m., T» t U, SW pt./ 9 + 

Byam Martin I. (f¥naAi),\ ,o ' 
[4m.], lag., b, NWpt...J ^ ^ 
Gloucester I. (Paraoa),1 jg g 
EWSm., NEpt J ^ 

Cumberland I. (ATanwiyAan-l 

' 5^0» # 2^™- SK pt J 

Lasting I., or Pr. Wm.'j 

Henry (^Ne.ngo-Nengo\ > 43 

EVV 5m.i NE pt J 

Two Groups I.%8 1., Spt. O i8 i8 

_ Melville I.(i7tAMerM),NWpt. i? 35 
” Tekokoto, [3m.], E. pt ly 20 

Fumeaux I. {Marutea)^ 1 __ . 

EW7 1.,Wpt j 3 

Nihiru I., NS 3 1., N. pt. ... 16 38 
i HoltjOrYermoloff I.(raew- 1 r 

\ i^a), EW 5 1., E pt i 

* Philip’s I., or KoutousofFj ^ 
(il/aAewo), %lll.,Wptj 
Sacken 1. (Katiu), W pt. ... 16 25 
RomanzofF I. (^Tiket), [3ni.] . 14 57 
K. George’s I., Tiokea, N pt. 14 ao 

— Oura I., ^ 4 1, S pt 14 44 

Waterlandt, or Wilson’s, I. I 

(A/a«*H).#41..N{.t. .( ‘+ “ 
PeacockI.(.4A«),j^41.,Wpt. 14 35 


Bird I. (Pci7ortt), SE pt. ... 
Croker 1. (Ilaraiki), N pt.... 
Adventure IXMottUunga) ... 
Raeffskoi I., or Seagull grp. 1 
S&Wone,Clute 1. (Otihi) J 


Dean, or Vliegen I., East pt. 15° 1 7' 147° 14' 
Krusenstem I. iTikehau). I 

NE pt ( +* '♦* 

La/.arelf I. (Mataiwa, Ma- { 

Ihi, [5m.],XJ,E,Wpt. J 55 «4» 45 

Maitea I., % 7m., iR, 1597f. 17 53 148 5 


Otalieite I. Tahiti)^ ^121.,) 1 1 

PT.VENUs.fl.lt :} *7 * 9 -^H 9 * 9 -o| 


17 387150 357 

16 43 151 7 


6 33 151 37 
6 30 151 45*5 

6 3I’6 151 46‘o 
6 II 151 48 
6 26 152 12 

6 50 154 21 

16 28 154 40 
5 48 154 30 


17 48 143 7 
17 26 J43 26 


S&Wone,Clutel.(0<t>ii)/ 

VrEpf^.l“.“^} ‘*45 -44 46 

MiloradovitchI.(Paat7*),N pt. 16 42 145 19 

Wittgenstein I. (PaXrarawa), I , ^ 

%101.,tf,4=SW.Npt.| + ■♦539 

I, Greig I. (Niau), [5m. e 16 11 146 22 

-I Chain I. {Anaa), N & W. pt. 17 23 145 38 

* 5° " 

D. of Gloucester Is., 2, E,"j 
or Margaret I. (iValta- k 0 20 42 143 8 

J 

Anu-Anuraro, W Id O 20 23 143 30 

St. Paul’s I., %4 1., E pt. O 19 56 144 55 

Raraka, EW 5 1., W pt 16 7 145 i 

Kavahe I., %14m., S. pt. ... 16^0 145 7 

Tiara King’s I., N pt 15 35 144 39 

Carl8hoffI.(.4ra«ca),Wpt.O 15 35 *45 3* 

Rurick Is. (ilrw^uo), ^N pt. 15 xo 146 47 

Hagemeister l. {Apataki),) g 

NE pt J ^ 

Elizabeth I. {Toau), E pt.... 15 58 i4S 48 

Aura I. {Raukura)y W pt. ... 15 43 146 48 

Dean, or Vliegen I. (ATnir- ) ta 8 o 

.a),^151..Wpt { 5« 5 >4* o 


— Summit, 7000f. 17 39 149 30 

— Papeete Harb., w ) 

Moduda St.... 1 *7 3a * *49 34 0 
Tetuaroa 1., EW 5m., SE pt. 17 2 149 27 

Eiineo 1. [5 1.], w, r, per- 1 

f orated pk., 4041f. J 7 3 49 47 

Tapamanoa I., or Sir C. | „ 

Saunders (MaMt7*), pk. 1 ) *7 3 7 5 35 7 

Huaheine I. Owharree Harb. 1643 151 7 

LJlietea, or Raiatea I., NS i 
2 14m., Utiroa harb., S', J 16 50 151 24 

^ King’s Wharf, w, r ) 

Otaha 1-, or ’lahaa, N pt. ... 16 33 151 37 

Bola bola I., NS 8m., sum... 16 30 151 45*5 

— Oteavamea, S3, w', r, ho... 16 31-6 151 46‘o 

Tubai I. [orn.] N pt 16 ii 151 48 

. Marua, or Maupiti I., sum.... 16 26 152 12 

^ Howe I., Mopclia (31o/;i7((d) . 16 50 154 21 

g Scilly Is. ([21.],/, rfs. f, 14 © 1628 15440 

0 Bellingshausen 1 15 48 154 30 

1 

i-A St. Pedro I. {Motane),) _ ^ ..o « 

" 1700f., SE pt. rk .\ ° >° * *5* « 

Sta. Christina (7’aAoM-fli7a), \ 
ab. 3280f., Resolution B., > 9 56*3139 6 

E side ) 

Dominica I. (H*tJa-Ofl),Ept.O 9 44 138 47 
§ Hood I. (Feiou- houffo),) . 

I [4ra.],ab.l200f.,i,l<,I>| 9*5 > 3*55 

?>• Washington I. (Houa-hou-\ ^ 

.§ ««)[31.],ab.2000f.Spt.I.j *59 >39 3J 

Adam I. (jRoaPoMa),Npt. 0 9 20 140 2 

Nukahiva [61.], ab. 3800f., ) . 

head of Anna Maria B... } * 55-3 >4° 4 » 

Hergests rks.( ATo/oM-i/t)... © 8 43 140 35 

Clark’s bk 8 8 139 53 I 

Masse, or Robert’s’ I. ) « ,ao .9 

Coral rf., [& shl. 2 1.] O 7 53 140 22 

Starbuck I., [1 1.?], /3...0 535 155 5° 

Malden 1., [31.], w,L’,[t]0 4 4 *54 54 

^ Jarvis I., [2m.], /, [q, 3 . o 23 159 52 

g Raoul,orSundayIs. 1627f. mid 29 15 177 56 | 

"S Havre rk 31 18 178 52 

P Esperance rk., small, A ...© 31 23 178 45 

Macauley I © 30 16 178 32 

Curtis Is., 2, ab. 700f 30 36 179 14 

East 

Norfollt I., Sydney B., FI. st. 29 3*7 167 57*2 

Mt. Pitt, 1039f. 29 I 167 56 

! Nepean Id., [im.] 29 4 167 58 

Philip Id., 930f. 29 8 167 57 


9 56*3 139 6 
9 44 138 47 

9 as *38 55 

8 59 139 3* 

9 20 140 2 

8 55’3 *40 4*0 
8 43 140 35 
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TABLE iO 


MARITIME POSITIONS 
I.at. S I Lon. W j (158) Places 


iCarolinels., numerous, sm&llj 1 

I /, II ^ j, mid j 

Vostok I., [im.], ab. lOOf., ) 
rfs., f, lag., J 

Flint L, I, ^ mid 

SuwaiTow Is., 4, small, Pq, It. 
Penrhvn I., ^ 4 1., /, lag. 'j 

r.iff.i',, Npt / 

Victoria I 

Ueirsori I. {Rnkuhanffa),'} 
Ch. [‘2m.],/, f, P... J 

IIumplirL-y I., Church 

Bernardo, or Danger Is., ] 

3, small, 5 

Tema Reef, 8 

- Nassau, or Ranger J. ?, 1 

small,/, ^y, J 

Gente IIermo''a, orl 

Swain’s I.. t T, Ui 
Duke of Clarence I , {Nuku- \ 
nowo),NS 7in.,lag. [ 

U» N pt ) 

Duke of York I., {Oatafu), \ 
^4m.,lag.ll„tf,UP, 

w N pt ) 

Bowditcli I., {Faka:nfn),\ \ 
7m.,. lag. ||„ U^V, 

Npt ) 

Mary I 

Hull Is., 5, KW5m.,/. 8,\ 
lag., t f, w, NW pt. .../ 

Sidney I., [3m.], /, 

Phoc?nix,[2rn.], /, .sand, j 

Birnie I., & rfs., [2m.],) 

J. A ^0 1 

Enderbiivy L, 3m., S ) 

pt., ^ / 

Gardner, or Kemin I , /, lag. ) 


9‘’S+' ho® 


Lat. S Lon. W 


M‘KcanI.,[|m.],25f.,<bo,[,L 
Arthur I. ? 


Four Crowns, or Bass Is.,1 

4, small j 

Oparo, or Rapa I., P', w, ) 

Aburei Bay, entr ) 

Osborne, or Nielson rf., Taf. o 

j Reef 

IVavitao I., small, h O 

jToubouai I., [2 1.], vis. 101., ) 

1 lS,tt,^^,ty,b,[',Npt. i 

Obeteroa I., same as, — 

iRurutd I., NS 4m., ab."! 

j 1300f., South pt j 

Rimitara I,, [3m. J, 

300f. 1° 

Hulll.,[ll.],ab.60f.,(j3 -tr)0 
Mangaia I., [2 1.], ab. TOOf., "I 

rfs. * J 

Rarotonga I., [3 l.],vis.l5 1., 1 

K r» r, P', NW pt / 

' Parry, or Maukl l.,[2m.], I A 

I pt J 

lAIiticro I., NS 4m., /, [t]... 


10 

6 

152 23 

IT 

28 

151 48 

13 

13 

163 3 

s 

55 

158 6 

6 

45 

160 48 

10 

2 

161 5*5 

aO 

20 

161 I 

10 

52-8 

165 51*5 

11 

7 

165 35 

II 

3* 

166 0 

11 

5 

170 55 2 

9 

5 

171 3 ^ 

8 

36 

172 24 

9 

20 

171 4 

2 

41 

171 40 

4 

30 

172 21 

4 

30 

171 ^ 

3 

" 

170 4c 

3 

35 

17' 39 

3 


171 14 

4 38 

174 40 

3 

35 

174 17 

3 

30 

176 0 

27 

55-5 '43 *8-" 

27 

35-7144 17-2 

27 

0 

146 17 

24 45 

148 20 

*3 

4* 

147 50 

23 

23 

149 24 

22 

31 

151 18 

22 

40 

*53 0 

21 

49 

154 43 

21 

55 

157 56 

21 

*4 

>59 45 

20 

10 

cri 

->4 

00 

19 

1 

50 

,157 33 


“"O' *5 *“*' 
»9 5° .582, 

Hervey Is., 2, (Mafiouai, S, ) 

^ ^ 21., 1|.„[ 19 18 158 54 

^ rfs. :5m., f , 4^0 ) 

Whytootnekie I., {Aitu-\ 

^ taki), [& rf. 31.],[ 0 18 54 159 32 

:5()()f. ) 


I j ■* 4 i «3 •<> 

Island? 26 30 1 1 60 25 

1 I Beveridge, Middleton, or La- j 

1 goon rf., NS 31., S, (entr. } 20 2 16748 

SWpt ) 

' Nicholson shl O 20 5 168 40 

j ^ Reef, (II. iM. S. Favorite. 18 12)' 21 32 168 54 

, Savage L,(//^iwe), NS 11m , ) . 

I I f|,T,P., Spt I *9 10 169 so 

! I Three Is 18 8 169 20 

I ^ 'Curuyoa Reef 15 31 173 44 

w Cocos, or Keppcl I., (rks. 1 _ 

l|' } O '5 s8 173 

; y Verraders, or Boscawen, ) 
j S {Niita-iah()n-tnb 6 v,),[ik. > 15 52 173 50 

jo rk.«..ah,fMii.],ab.2000f.,r ; i 

(£ llood Hope I. (A'i«a/««), I i7t ai 

(O P, NWend } ‘5 34 I75 4> 

Navigator's, or Samoa Is., \ 

-i 1/ I- [“"f ,4 3» >68 II 


20 2 167 48 


Cocos, or Keppcl I., (rks. 1 _ 

■ Om.) ) 0 ^5 58 173 5^ 


IS 52 173 50 


15 34 »75 4t 


jTutuila, 4 ^ 9 1., West Cape... 14 21 170 51*5 

S extr. Pt. Steps 14 23 170 46 

I — Pango-Pango harb., ) 

. I w, b, r, tower rk. W of I 14 17*7 170 4° 

I entr ) 

I Upolu, % 161., vis. 18 1. 

ii Nuulua islet off SE } 14 2 171*4 

?| pt ) 

o — Fangaloa B.,W. pt. ....... 13 53’5 *7^ 3^‘7 

- — Apia barb., ffi, w'", f , 1 40-7171 44 

■ Store J / / 

"b — Tofua Mount, Crater.) 

"I [lin.] 2 5 ^ 

*S W extr. Maiiono I., 

j 2 j ...J ‘3 50 >7* 4 

j — Sanaapu Wb., IB entr. ... 13 57*8 171 47*7 


Apolima I., [^m.], 472f., ) 
; ] 


49-2172 8 


iSavaii I.. % 14 1., vis. »* 1., | g.j 

j w, r, E pt. rf. n ^ ^ ' j 


— South pt 13 48-6172 3* I 

i— Westpt 13 31 17* 48 

iShoal? 13 3* *73 »5 I 
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681 
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(159) Places 

WaUisIs.,(r/ea),9,t,® S,1 

b, r, S pt I 

Horiit* Is.. 2, ( N, Mnfa, S), \ 

‘2.5C\if. ' J 

Kiitiina, NW, Kxtreiiic 

At.in^ota I., S pr 

Hayoiiiiaise bk., ig 


,09 I Sophia I. 

I Imlependc-ncii 1., I 

(a coral hk. 4in.)-.- J • 

Mitchell grp., S pt 

Ellice, 2 Is., {Faunfu(fi), \ 
NS 14m., tf, lag. 4;', J G 

De Pey ster Is . , ( Nukvfetau ) , \ 
■?|y 9m. , lag. entr. N W, | 

Tu inshle, S pt ) 

Tracy 1 ,{Oaitujyu), [3m.] ,'5^ C 
Netlierland I., NS 4m.,vi.s. i 

41., P, I 

Lvn.v, or Spehlen I., small, ) 

no lag ) 

'A Hudson I.,NS l^m., vis.3 1., i 


I ff, NWpt 

jCocal 1., small, h, rks. 


I N Minerva r?., N elbow 
S Minerva rf., mid 


I Pvlstaart I., [lin.], 700f., ) 

I P / 

I Coral rf. 

I Cattow I , small 


Tongatabou 1 , '’[5 71.,/, 


I Pangimodu Kland 


« Uonga-Hapai, (S & Wst. of ( 

fl 2Is.).[l.n.].150f..t,.-,U) 

Culebras shl. 

w Aunarnooka 1., (Nowio?/- \ 

-I Aa), [ll.],lag., /,t r.( ® 

; Hapaee Is., {Havaii), EWl 
^ i K) 1 , Sst., orFonoue-Foua j 

^ !SE lirn., Alofa I 

:LefoukaI.,;^]i 5m., Mission. 1 

I Stat. NW side, f j 

lllfiano I., % Im., E pt., reef 
{N Id., or Ofo-langa, [Im.]... 

I Kao I., [1 1.], pyr., 5000f., 1 
jTofoua I., [5m.], ab. 2800f., 1 
[Reef, (H.M.S. North Star, 1 
; 1843) / 

I Coral rf., (Sir E. Home) 

Latte I., [1 l.?],ab. IGOOf... 
Vavao I., 41., W pt.,\ 

I (port Refuge to SE-d., J 

. S3, 29, r, 'wj,) ) 


Lat.S 

Lon. 

i3°24' 

West 
176 10 

•Ih ai-4|i77 56-^ 

.14 16 2^ 

178 72 

.1 12 32 

177 12 

.| 12 8 

*79 43 

.1 10 46 

F HSt 

>79 3> 

) 10 25 

>79 50 

. 9 18 

179 50 

) 8 31 

179 21 

8 4 

178 29 

) 7 28 

178 46 

7.3 

177 >4 

’ 6 10 

177 26 

6 19 

176 23 

1 5 38 

176 6 

.. 6 5 

176 13 

.. 23 37 

West 
178 50 

.. 23 56 

>79 5 

0 ^3 35 

179 11 

3 23 34 

176 4 

.. 20 50 

>74 30 

• 21 30 

175 I 

21 24 

>74 57 

[ 21 4 

175 28 

t'lai 8 *o|I 75 16 

..'21 7 

175 >3 

. 20 50 

1 

|>74 30 

1 I20 36 

I175 z% 


19 59 174 27 

19 48*2 174 20 


18 39 * 0:174 


Vavao I., Port Valdei, Sandy 1 

I pt ..1 

SW islet of group 

Toku I., [2m.] 

.Aniargura 1., (^Fanoualei), j 

O' i 

t Olio Is., 2, EW7m., ||,(Wj 
^.j one, Mikhailoff), E one, > 

I Sirnonolf ) 

> Beregis reef 

< Fiji, or Fcedjec, {Vili). 

y j Is., SE extr., Vato.i, or f 

1^1 Turtle I., [3m.], 209f. ( ® 
^ I ^ rf. SE, V / 

iNiigu Oiigea rf., [2m.] .... Oi 

- Omjea I., (2 Is. & rf., rf- ) I 

Im.), S Id j j 

Bouhinga, or Fulanga.^ I., 1 I 

I, .^m., t, W ])t ) °| 

Kaiiibara I., N.S .3m., S pt. O 

Tuhanaielli I., small { 

\ aiiua Vatou I., [2m.],) A 

I A.t.it 

u ! Tova rl., f.^m.], mid I 

o Totoia I., [Gm.], mid. ? 

« I Olenea, or Ularoa 1., small O j 

< Ickulaka reef, [2m,], NE j | 

^ pt., (Oneata Pas.sage, X-d. > 

* of do ) ) 

Oneata (Mozo) 1., ' & rfs. ) 

EW8m.], E yJl J ° 

*" Lakemba 1., 3m,, ab. ) 

1200f., f , liiid j ^ 

Bacon’s Is., 2. ,[ 3m,, (rf. 1 

NE 5m.), E Id J 

E extr. of the Is.. Reid's Is., | 
[»<£. rfs., EW Sm.J, N one.) ' 
! (Lakemba Passage, S-d. of do )' 
® ' Niaul., ^{5-5111., seen 15 l.,sum. 

^ ' ll iv. kins rf. 

Gordon rf., [2iii.] 

"S ' Chiehia I ,(L)zizia),NS4m., ) 
S' fj, SWpt., (rf. W 3m.)) 
Tabutha 1., 4in., S pt., | 

^ (rf«. 1 

Katafanga I., small, rfs 

^ Mango i., [4m.], SW pt 

Vatou llera 1., (Baton- 1 

- bara). NS 4m., S pt.,.. j 
Ythuta I , (Azata), [A, rf. | 

EW 5m.], W pt., (rf. 

5m.) ) 

E.xploring Is., iSv: rfs. 8 1., \ 

Fl extr ) 

Naitamha I., ^ 5m., sum. ... 
Look-out rf., EW Cm., E pt. 
Yalanga-lala 1., small, (rf. 1 

NW Cm.) ) 

(Nanukii Passage). 
NanukiiJ.,(Nogou-laoudza- \ 
la) , [ 1 rn . ] , at S E corner of > 

rfs. C I ) 

Nukumubasanga L. small .... 
NukuLevu rf.. EW 10m., Ept 


I Lat. S Lon. W 

i8"38'3 >74'* 1 ' 

18 48 174 8 

18 8 174 8 

17 58 174 16 

20 38 178 45 

20 45 178 54 

19 49*4 17 S 14-5 


ig 

56 

18 

42 

18 

23 

18 

39 

18 

59 

38 

34 

18 

30 

18 

24 

18 

>4 

18 

I 

>7 

54 

>7 

59 

>7 

46 

>7 

39 

17 

48 

; >7 

41 

!i7 

30 

i >7 

29 


28 

! 

>7 

>7 

>7 

10 

>7 

3 

1 >6 

54 

1 

49 

16 

42 


I 178 48 


16 18 !i 79 17 
16 7 |i 79 15 


* Observations made in H.M.S. Challenger 1S75, place the Fiji Is. 3' farther to the Ease. 




Fiji Is, I S. Pacific | Ocean j Fiji Is. 
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TABLE 10 


MARITIME POSITIONS 


U61) Places 


Korotuna I., small, E part of 1 

arf. EW31 ) 

Budd I., small, (rfs. round).. 
Chicobea I . , (Farewell) , Nst. 1 
of the Is., ^ 3m., rfs. 11^/ 
Vuna I., (Tabe-ouni), # 8 1., ) 

II W, SW or Vuna pt j 

Vanua Levou I., 33J.,\ 

2070f., E, or UndaPt.J 

— Savu Savu Pt 

— S extr., Buia Pt 

— Sandalwood B., 

— Dana’s Peak 

Yendua I., ^ 7m., sum.... 0 

— N extr. of rf. lining N coast 
Moala I., [& rfs., 41.],) 

ab. 1800f., (rf.3m.),J 

N pt ) 

S extr. of the Is., Matuku 1 

I., [& rf. NS 4m.] / 

Goro I., (Koro), NS 9ra., h , ) 

^ NW, N pt j 

Horse -shoe r?., [Im.], J... 
Nairai I., NS 4m., (rfs. ^ 
4m.), Needle pk., 107Hf. j 
AngauT., (Nhao), pk. 2345f. 1 
EW8m., (rfs. S, W) ... / 

Mnmbolithe small 

Ambatiki I., (Batigui), \ 

[11.]. rf- ) ° 

Wakaial., NS4m.,Wpt. . . 
Mokungai I., (Magon-hai), 1 

NS 3m., rfs., S pt / 

(Mokungai Passage). 

Ovalu, or Passage I., small... 
Ovalau I., ^ 8m., h, Levnka, \ 
E side, 13', Miss. School. f 
Viti Levou, EW 291., T, 1 
Rewa roads, Nukulau I . ) 

— Suva harb., 1$1", w, b, 1 

vill. Wside.....' ] 

— West extr., Navula Pt. . O 

' — Pickering Pk 

Asaua grp., Hudson’s Is., \ 

NW one, or Carr I — j 

— Waia I., 5m., sum 

— West extr. of thels., Biva | 

I., [2m.],(shl. S) j 

— Shoal 

Timboor I 

Round I., (Awakalo), 1 

small, (II W-d.) j ^ 

Vatou Lele I., % 8m., \ ^ 

tlN,Wpt 

I Flying Fish shl 

Namuka I., [H^.] 

Mbenga I., [5m.], Ho W,1 
W sum j 

— S pt. of rf. round these 2 Is. 
Kandabuu,(jranfainc,My- ) 

woolla),!.,^^!., tf, ! e 
Wsum., h, Poim.)...) 

Ono I., [5m.], G 

Astrolabe rf.- N ^ge 

Reef 


Charlotte bk., Is 

Pandora rf. 

Mitre I., {Fataka), [lin.],) 

vis. 4 1., jp, R J 

Cherry I., (Anouda), [3m.].. 
Ticopia, (Barwell), [3m.], 1 

vis. 101., J, t f, P, / 

Kennedy I O 

Hope, I., Arorai or Hurd I. O 
Chase, Tamana, Rotch I."! 

w’, Onotu J O 

Peru I., South pt 

j Francis Is,, [7 1..^], /, S pt..^.. 

i Nautilus shl 

Kingsmill Is., /, ^ f, P', 
j — S one, Drummond L, % ) 

I 10 1., (Tapoute-oaea), J 

; j ^ f , E pt ) 

: ' — Utiroa, town, ^ W-d.,\tfc, \ 

I j b , P,, / 

Sydenham, or Bishop I., ) 
{Nanouti), % 7 1., lag. H^, [ 

S iHc E pt ) 

Hopper, or Simpson I., ) 
{Apamama), % lOra., J 
4^' W, w, b^, r„, N pt. ...) 
Ilenderville I., {Nanouki)y | 

EW 7m., S pt J 

Woodle 1., {Kuria)f \ 8.m., ) 
tf, (rf. #-3m.), r^Tt&bo, ! 

, Npt ) 

Hall I., (3/a/awc), 9m., 1 

i, t W, 10, Wo r,^ b, , S pt... j 
Knox T., {Tarawa)^ % 71.» ) 

j f’, E pt ( 

Matliows’ I., (^Maraki), NS l 

5m., lag. 11^, N pt / 

Charlotte I,, {Apia), ^ 6 1., 1 
lag. entr. SE,7,^f , W pt. j 

Pittl.,2Is.,^71.V(Afa^*-b) 

[21.], N, & Tiritan, S), } 
tf, lag. ||W, 4,Npt...) 

' High T., (1804) O 

Ocean I., (same?), [4m.], 1 ^ 
vis. 8 1., ^, T, P, .. 1 ^ 
Plea.sant I., [5m.], f, j, ) 

r.P. 1 


Mathew rk., [^m.], volcanic, ] 

465f., [q, /-r J 

Hunter I., [4m. J, 974f., j 

WdpolVl., [iim.], 22^ ) 

i 


Lat. 

Lon. E 

’ South 


i 5 ° 3 jr 

13 2 

0 

00 0 

12 31*3 

177 15 

11 50 

12 11 

173 12 

172 7 

11 57 

170 20 

” 37 

169 44 

12 21 

168 48 

8 36 

167 50 

2 41 

177 0 

2 30 

176 10 

1 25 

I 56 
* 34 

176 2 
*75 SO 
*74 59 

1 28 

00 

»o 

1 12^5 

*74 54 

0 45 

*74 3 * 

0 30 

*73 54 

North 

0 8 

*73 4 * 

0 17 

*73 *7 

0 51 

*73 3 

1 23 1 

173 13 

2 3 

173 26 

I 54 

171 55 

3 

172 58 

South 


0 48 

170 49 

0 52 

169 49 

0 25 

167 20 

11 45 

174 37 

22 20 

171 20 

S 2 24 

17a 5 

21 38 

168 56 

22 1 

1 

168 39 


• Observationi made in H.M.& ChaUenger 1875, place the Fiji Is. 8' farther to the East. 
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TABLE 10 


583 


MARITIME POSITIONS 


Lat. S Lon. E 


Lat. S Lon. E 


Mare or Britannia I., S pt. ... 

I — E pt., C. Coster 

I TJ inline cove 

; Boucher I., r4m.], mid. ... 
! Chabrol L, E pt., C. Pine ... 

i Wreck Bay 


— SE pt., C. de Flotte 

Uea or Halgan I., [6 1.], / 

SE pt., C. Gervaise f 

Obsn. 1. Bishop Sd 

Beaupre Is., [2 NE I 

Id } 

Astrolabe rfs., 2, % 101., ) ^ 

■ lloWpt 

Petrie reef? 


i68^ I'l 
i68 lo 
167 48 
167 42 
167 z 6 

167 2^ 

167 20 
166 36 
166 28 


Aurora I., NS 11 1., h, ) 

w, b, N pt J 

Lept rs 1., [7 1.?], mid 

Mallicollo I., % 18 1., S I ^ 

, pt j ® 

— Port Sandwich, IS 


I. of Pines, [3 l.],lag., 4; W, ) 

^ f, P,^, AJemene I j 

SE elbow of if 

Botany I., [\ N, (Woodiii’s | 

chan., w) ( 

New Caledonia, ^ 65 1., E ) 

pt., Nea I j 

j C. Coronation, (rks.) 


C. Colnett 

Balade harb., (rfs. 2 1.), I 

Id f 

W extr.. Taro I., (.shl.) 

C. deVerde, (shl. 3 1.) 

Port St. Viiicejit, Jq, w ) 
3|m., f, r, Entr., (rfs. > 
ih ‘tm-) •• - 

Lebert I., I, rfs 

D’Entrecasteaux, or (Bond ), ) 
rfs., NW pt., (rks. Im. J- 

S d.) ) 

Iluon Is., [Am.], I, ¥, (rfs. 1 

3 1.) :: j 

Fair?, ay rf 

Aneiteum I., EW 3 1., ^ f, ) 

w'^', b, IJ, P. Inyang f 

Erronan I., {Footoona),) 
[1 1..?], 1931f., NW pt. / 
Tanna 1., ijr 8 1., t f , r, P„ 
Port Resolution, ^ 

Cook’s pyramid 

— Volcano, 4in. inland ...... 

Immor I., small, Z, P 



164 22 
167 28-5 
167 2 

167 1 

167 3-5 

166 52-5 
164 40*5 
164 29 c 
163 57 


09 — North pt 

^ St. Bartholomew I., EW ) 

3 1., islet SE pt j 

Espiritn Santo 1., 22 1 , | 

; SW pt.,orC. Liiiburne ) 

— North pt., or C. Cum- i 

I berland / 

— C. Qiiiios 

_ Pic de I’Etoile, (Star I.), ) 

I [lm.],pk.,t, R ( 

Claire I., small 


Erroraango, Dillon Bay, onl 
W side, w J 

[Sandwich 1.,^ 101., t f,l 
Vila harbour j 

— Havannah harbour 

Montagu I., [1 1.] .. 0 

Three hill I., (rf. E pt., /3) 9 
Monument I., fl 1.], (Is. ) ^ 

W-d.) .....f® 

Apee I., [61.],Npt O 

Paama Is., E one, [1 1.] ... 0 
Ambrym I.,EW 6 1., E pt.0 

Pentecost I., NS 11 l.,S pt.e 

— North end 


18 II 162 50 ^ 

21 o 161 44 

20 i5’3 169 44 

19 31 170 II 

19 31*3 169 27-5 

19 32*4 169 24*5 
19 16 169 31 

18 47 * 51*68 58 


17 42-5 168 147 

17 31*6 168 2 I’l 

17 26 168 25 

17 4 168 22 

17 o 168 35 

16 36 168 10 

16 26 168 13 

16 18 168 11 

15 59 168 10 

15. 26 268 8 


Banks Is., E, or Siigarloaf,... 
Vanua Lava, P. Patteson ... 

.Santa Maria, N sum 

Bligh I O 

• Vanikoro 1., ( Mallicolo), ^ I 
I 1-lm., sum., 3031f. ... f 
’ — Ocili haib., on E side, ^ 
Toupoua I., (or Edge- I 

cuinbe), sum ) 

Sta. Cruz I., {NHetidi), ) 

! 8 1., E pt., C. Byron J 

-- S pt., C. Mendana 

Volcano I., {Tmnkoro) 

Swallow group, Panavi 

. ' A nologo 

Dull or Wilson group, i 

, NW e.xtr j ^ 

, — SE extr O 

Stewart Is., 5, on a rf. , [2 1.], 1 
I, ft, r, E pt. J 

lloncador,or Candelaria rfs., 

S cutr J 

Ontong .Java, or l.ord 1 
Howe’s Is., Hammond VO 

1., North ext J 

Frindsbury rf O 

Le Maire & Tasman’s Is., Po 
Mortlock, Cocos, or Mar- 1 

(jiiccn Is., EW 7 1 / 

Nine Is. of Carteret, (Gro- 1 
ene),4jab.l01.,Sextr. j ^ 

[Sta. Catalina I., small O 

8r. .\nna I., flm.], vis. 1 

101., ft' j 

J St. Chri.stoval I., ^ 25 1., 1 

] E pt., or C. Surville... J 

5 — KK pt.^ (3. Rechrrche 

5 lliree Sisters,% 3 1.,200, N one 
5 Contrarietes 1., NS 7m., 

1200 pk J 

Malayta I., ^ 34 1., S pt, I 

or C. ZeK , } 

— Mt. Kolovrat, 4275f 

— NW pt., C. Astrolabe 

Gower I., [4 1.], Z, O 

Ramos Is O 


[67 28 
[67 22 
[67 14 

166 51*5 

t66 55*0 

[66 31 




Solomon Is. , S. Pacific Ocean , Solomon fs. 


684 


TABLE 10 


MARITIME POSITIONS 


(165) Places 

Giiadalcanar I., % 26 1., E 1 

pt., (rks. 2 I.) J 

— Sou tit pt , C. Henslow ... 
— Mt. Lammas, A, 8000 ... 
— South-west pt., C. Huntir 
— North extr., C. Espirauci- 
C. Marsh (SWpt.of Russell I.) 

Murray I., [Im.], 1000 

St. George 1., % 4 1., |1 N, j 
Astrolabe Creek, w, K 

*’o» r, Pq, S cove J 

Isabel I., ^ 40 1., S pt.,"! 

C, Prieto J 

— Mt. Marescot, liOOlf. 

— Estrella Bay O 

— Port Praslin O 

— C. Comfort, (rfs. 2 1.) ... 
Georgia I., EW 14 K, Is."| 
(W-d.), Spt., or C. PittJ 

Rendova I., C. Pleasant 

— Rendova Ilarh 

Bridge watir rf. 

Princess I., [I K] 

Rddystone rk., l()36f, P^, 1 

(shls. 5 , -5I- 3m.) / 

Guizo I., tt 

C. Middleton, (N pt. of an \ 

Id., [‘-il-]' / 

Choiseul I., %33 1., E pt.,) 

C. Labeo J 

— SE pt., C. Fleurieu ...j 

— N pt., C. Alexander 

— Choiscnl li., W head,) _ 

(shl. 2 1.) 

Sliorlland Is., ("(t 1.], S pt.,) 

C. Stephens / 

Treasury Is., [3 1.], /, ^, ) 

Blanche Harb ( 

Hotigaiuvillc 1., 44 1., j 

C. Friendship, near) O 

E end ) 

— C. Le eras, (Id., [21?]).. 
— Mt. Balbi, 10,062f., 51 ., ) 

inland j 

— N pt., C. FAverdi 

Bouka I., NS 121., ^^,Npt. 

— Summit 

Reef, (seen 1804), E edge .... 

Indispensable rf., S pt 

Pandora rf., (same?), N pt. o 
- Rennell L, ^1:^ 12 1., S & E pt. 

Bel Iona I., [.‘51.] 

Wells reef, (179G) 

Sable reef 

Fead Is., or Abgarris, ^ 9 1., 1 
S, or Goodman 1. j 
Lyra shl , ^ 4 1., 4 or 6 , N end 
Sir Chas. Hardy, or Vertesl 

Is., [61.], E pt j 

St. John 1., [31.], 

^ K pt I j 

Caen 1., [1 1.], (rky. Isl. 21.) 
Garret Denys, (Day, or Du \ 
Bouchage)I.,[51.],3200f. / 
(highest of these islds.), 1 
P, mid ) 


Lat.S 

Lon. E 

9 '^ 50 ^ 1 

j 1 60 ^ 50 ' 

9 59 

160 35 

9 44 

1 60 0 

9 50 

>59 47 

9 >4 

>59 41 

9 3 

'5!i 57 

9 > 

158 38 

8 30-5 >59 32 

8 34 

159 46 

8 14 

I 59 26 

7 4 ^^ 

>59 >5 

7 2 - 5*5 

158 iS'c 

7 24 

158 5 

8 50 

158 14 

8 43*5 

157 21-5 

8 23 - 5,157 18 

8 53 

Q 4 

>57 >2 

I 1^7 4 


8 19-5 156 32 
8 57 156 50 

7 36 156 44 

7 29 T 57 49 ^ 

7 48 I <57 36 ‘S 

6 36 1156 27 ^ 


7 10 155 40 


4 30 >54 >5 

4 o 153 47 
3 a6 153 14 


Gardner I., Vischer, or Fish- \ 
er’.s L, (3 Is. E-d, a shl. ( 
W-d ?), NS 101., ab. ( 

2 (»o()r., N pt ; 

Scpially I., [;5l.], I, ) o 
(small Id. S-d., Il j ... j ° 

All island, [1 1.] 

Mathias’ I., [81], A, sum. O 
New Ireland, % 04 1., E pt., 1 

C. St. Mary ] 

Slinger’s B , on NE side 

W pt., C. Byron 

Port Carteret, Cocos I., I 
NE pt.. Wo, w N, I 

Port Praslin, SE corn., w.. 

('. St. George 

Sandwich I., [1 1.], pk 

Mausoleum I 

New Hanover, 13 1., N ( 
])t..or C. Salomon Sweert j 
— • W pt., C. Queen Charlotte 
Portland Is., EW 7rn., /. W pt. 
York I , [:5l.], vv) f, Port) 
Hunter, N side, (slils. N > 

coast), entr ) 

New Britain, 851., N[ 

pt., C. Stephens ) 

C. Palliser O 

C. Boiler, A, ^ 

SE pt., C. Orioid, 1, SE extr. 

C. Qnov, (pk. ‘4- 3m.) 

Pt. Beediey 

Port Montague, w, r ....Q 

Pt. Rocimek 

South Cape, rky. islet 

(k Anil 

C. Gloucester 

Dui>ortail Is., sum O 

Willaumez I., NS 5 1., S pt... 

Raoul L, [2 1.], sum 

Passage bk., W edge 

Low Is., [31.], E one 

Hookel.,-n^7 1 ,A, t,NWpt. 

Tupinier L, [I 1.], A, 

liOttin l.,[lm ], upw. of 3()00f. 
Long 1., NS 5 1., Reaumur 1 

})k. at N end j 

Crown I., [2m.], A, ^ t,) 

mid j 

Merite I., EW 4m., mid 

Volcano, ab. 4000f., (ex- | 

tinet 1826) / 

C. Gloucester (2 pks. over) . . 
Deschainps pk., 1 1. inland ... 
Des Laos Is., EW 3 1., E pt.. 

Forester I., [& rks. 2 1.] 

North L, small 

Gipps rf. 

VHetoria reef 

Albert reef 

Sherburne rf., EW 4 L, rka. \ 

2 ()f., SE part j 

Circular rf., [1 1.], j, (a lag. I 

II NW) j 

Sydney shl., 


Lat. S 

Lon. E 

2 34 

1 51° 54’ 

> 35 

150 30 

I 40 

>49 54 

I 28 

149 40 

4 2 

>53 >8 

3 >2 

152 0 

2 46 

>50 33 

4 42 

>52 44*5 

4 49*8 

>52 54*7 

4 5> 

>52 55 

2 55 

150 44 

2 44 

>50 31 

2 22 

>49 58 

2 28 

>49 5 5 

2 38 

>49 29 

4 8 

>52 24 

4 8 

152 5 

4 37 

>52 16 

5 2 

152 7 

5 24 

152 4 

( 5 37 

>Si 47 

6 9 

151 2 

6 10 

>50 30 

6 15 

>50 33 

6 30 

>49 48 

5 46 

J 48 21 

5 iS 

148 23 

4 58 

>51 15 

5 >5 

1 50 0 

5 22 

149 56 

5 58 

148 15 

5 56 

148 10 

5 29 

147 46 

5 26 

148 4 

5 20 

147 36 

5 >* 

>47 6 

5 >5 

147 20 

4 54 

>49 4 

5 32 

148 17 

5 28 

148 24 

5 5 

151 28 

4 42 

149 34 

4 38 

>49 >9 

4 32 

>49 4 

4 16 

149 16 

4 16 

>47 57 

3 57 

148 10 

3 *5 

148 16 

3 >8 

147 40 

3 20 

146 5c 




Lousiade , Archipelago S. Pacific , OcEAy Admiralty Is. 


TABLE 10 


^6 


MARITIME POSITIONS 


Elizabeth I., [2m.], /, f.,\\ o-./ i.6°ao' 

ai NE. P ) ^ 


2 22 147 55 


Purdy Is., 3, U, (Mole N) 

& Est., Mouse, &) Bat, > 2 51 145 54 

Wst,f ) 

JesusMarial., [& rfs. 3 1.], \ ^ 

J, P„SEpt.. H7 55 

Vandok I , [Im.], f, F 2 14 148 10 

Los Reyes, .3, 3 1., NE one i 59 148 2 

San Gabriel !.>, [2 1.], W end 211 147 28 

San Miguel I , [^ 1. ?] 2 24 147 36 

Negros Is., % 2 1., ^ f , E pt.. 2 o 147 19 

Admiralty I., EW 16 1., SWpt. 2 14 146 34 5 
— Nst. islet on N coast i 54 146 51 


Wertcrn UK [im.],(I)k.| ^ ^ 

Sugar loaf, SOOf. 2 26 146 51 

Anchorites Is., 3 , small, ■\ 

[al.], 7 .||o.?J, V / ° 5 + 30 

Commorson I o 45 *45 *5 

Ileiroit Is., Loot I., pk 1 32 145 3 

Boudeusc I i 26 144 34 

L’Echiquier Is., 30 or more, ) , ^ ^ 

Durour I., smiill, flat 1 34 143 la 

Matty I., small, flat i 46 142 56 

Tiger I , NS 7 m., P i 44 142 20 

S 3 .55 3° 

9 ■’ -53 3s 

Cannae rock, ^ . .. 9 18 i<;3 28 

Woodlark Is., 131 ., P', E pt. 9 9 153 5 

— W pt., (a h rk. S 3 m.) .... 8 53 152 24 

ThreesmaUAisld 3 .,'t, 31 .,> g ^ 

W one ) t 

j^h-irp 1 9 37 *52 37 

iJouveiieyl., [2m.] 8 43 151 4 5 

iJiirien I., [1 1.], mid g 39 151 22 

! Lagraudiere I., [2 1 .], E pt... 8 52 151 8 

.Trobriand Ls., C. Denis 8 24 151 4 

I North 1., (Nst. of grp.), E part 8 21 15048 

Lusancy Is., & rfs., EW, j 

& others W-d, une.x- j O 8 18 

plored, N lim ) 

Adele I., [ 2 c], I, [t], 11, -,W.. 11 25 154 34 

Rossel I., EW 71 ., l,% \\\ 

W, NE pt., or C. Deliver- J 1122 15420 ' 

C. Sudcst II 37 1*53 50 

Fox,or llenard Is., [ 4 l.],W|)t. 10 52 1152 58 

St. Aig'.a« I.,EW10)., iq ^ 

pt., C. Henry J ^ M ^ 

Deboyne Is., [2 1 .?], N pt.... 10 39 I 

Bonvouloir Is., E one 10 25 152 6 

Laseine Is., [2l.], Dawson I. 10 23 151 25*5 

D’Entrecasteaux Is., S pt.,\ 

C. Ventei,at.(U.S <i:) ) VS' *3 5 

i Welle I., [ 21 .], E part, (rfs.) 9 37 I151 3 

Goodenough I., pk., 700 ()f... 9 2i*5 *50 *4 

Ouessant I., small 11 8 6151 15 5 

Teste I., East 1 10 58 !i5i 5 2 

Mere.sby I., Sir Fairfax Pk. \ I ^ « 

isW 368151 05 


'168) Places 

L,at. S 

Lon. £ 

Lydia I., pk. 1034f. 

0 

0 

151® i'5 

Possession B 

10 34’6 ;iSO 4* 2 

Dufaure 1., [1 1.], sum 

10 28 

*49 5 ^ 

C. Rooney 

10 15 

*48 *3 

East Cape, Anchor I., E pt..* 

10 I2*5|*5 o 537 

C. Vogel, Ship I 

9 39*51*50 6 

C. Nelson 

8 59 

149 *5*5 

I. Riche, Mitre rock 

8 0 

148 117 

(\ Cretin, Cretin Is 

6 43 

*47 53 

C, King William, (landl 


147 38 

W-d., IJOOOf.) / 


Mount Disraeli 

5 58 

146 29 5 

C. Uignv 

5 ^9 

*45 58 

. Rich I.,'[l ].],// 

4 49 

146 13 

1 Dampier I., 4'*' "> !•» *d*- 5000f. 

4 40 

*45 58 

- Vulcan I., [2 I. |, conical 

4 6 

145 1 


I Lesson I., [2rn.], A, conical.. 3 35 144 48 

•• i Blosseville 1., [Im.] 3 36 144 34 

5 Gurriot 1., [3m.], conical 3 30 144 35 

^ ! Jacquiuot I., [3m.], f 3 24 144 24 


. ! Jacquiuot I., [3m.], f 3 24 144 24 

^ [Deblols 1., [^ 1.] 3 21 144 9 

^ * Roissy I., [1 1.], T f , N pt 3 12 144 3 

' D’Urville 1., [3 1.], pk. near 1 

’ ‘ 1 -jn*! lA-J 11*' 


I W end ) 3«->'43 3>-» 

, Gilbert I., [4m.],/, Ept.,(rf.) 3 13 143 17 

Bertrand 1., /, H W, ^ 3 10 143 10 

Mt. Julian, 2 1. inland 4 6 14426 

C. della Torre 3 51 144 31 

Victoria Buy 3 1 9-4 143 30 

Torricelli mountns.jWsum, 1 ^ 

4 1, Uil4n. J J *' ** 

Mt. Bougainville 2 40 140 5* 

Humboldt B , Pt. Bonniaiul. 2 37 140 55 

Cyclops Mt., vis. 20 1., E sum. 2 31 140 30 

Pt. Bruma, hill 2 18 139 52 

Lesson L, [l]m.], a high ^ 

cone, (2 Is. W-d.) ) ^ ^ 

Merat I., [Im ] 2 o 139 11 

Duperrcy 1., [-i 1.] 1 56 139 16 

Arimoa Is., 2, ^ 21., N one i 37 138 41 

Pt. D’Urville, /,t,(riv.W.d..O 'i 26 137 47 


3 *9’4*43 30 
3 21 142 12 

2 50 I4I 15 

2 40 140 51 

2 37 *40 55 
2 31 140 30 

2 18 139 52 


'i 26 137 47 


II 22 154 20 


10 41 :I52 57 


C. Geelviiik, /, ^ O i 54 137 5 

Thwart-ihe-Way I., [2l..^]0 2 5 136 30 

Elephant Pt O 2 50 136 15 

^ C. K.ame, (shls. off) O 2 55 136 5 

^ Vandersehelliugls,[r)l.?] I nc AC 

~ Hacrlem Is , [41.], W one O 3 15 *35 3® 

§ Pt. Pinxter, East O 3 30 *35 42 

5 C. Corner O 3 30 135 10 

3 South height, N pt O 3 6 135 5 

^ Pulo Parijang, [2 1..^] O 2 56 135 10 

•5 Broken Is., NE lim O 2 40 134 50 

'5**5 

Pt. Macusse O 2 o *34 30 

C. Oran-Souari 1 22 134 10 

Traitors’ Is., EWlll., SEo 1 19 136 32 

Mysory I., % 20 1., A, E pt.. i 4 136 13 

— Mt, Schouteti 047 *35 43 

I — W pt., C. Saavedra o 37 135 16 

■Danger l.,/,f,rks.,(rf.^^ 41.) on 135 
I Providence 1., H N o 20^ 135 10 
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(169) Flacei | 


Longl., [41.],I,fo»Po,Npt. 

Bultig I.,[4 l.],(rks.W2I.).) 

E sum j 

Jobie, Booby 1 1 

— Shell I..; 

— Casuarina I 

Arfak mountns., S one, 9520f. 

— North one, 861 Of. 

Port Dorei, 11, E pt. near \ 

head, w W / 

— Manas-wari I., \ 2m., ) 

Ept } 

C. Mamori 

C. Embarbaken 

Beehive Mt 

C. Goede Hoop 

Mt. Diceras, 8m. inland 

Mispalu Is., (91) 3, SE pt. ... 

Galapagos Is., Hood I., %) 
9m., 640f., j, Garden B. J 
on NE sMe, b, ) 
Maegowen rf., [Im.], a rk.... 
Chatham 4m., j, 1650f. \ 
E pt., Mt. Pitt, b, 800f.. j 
— Freshwater B. , S side, 1 

Charles I., 9m., 1780f., \ 

w W, Post Office B., on ( 
NW side, t', r, Day- ( 

light pt / 

Gardner I., [im.], 760f., \ 

(rk. + 3im.) ) 

Albemarle 1., NS 75m., j 
3780f.,wv^, Iguana Cove, > 

SW side ) 

Narborough I., EW 17m., 1 

C. Douglas j 

Indefatigable I., EW 23m., | 
Conway B., on NW side, > 

Eden I ) 

Jamesl.,% 20m., James B., 1 
on W side, vv, E Cove, j 

Redondo rk., 85f., j 

Towers’ I., 4m., 211f.,l 

E pt j 

Abingdon I., ^ 7m., t' ) 
S pt., w&, R, mid. 1930f. j 
Wenman I., 2m., \ 

- 830f.,^^ } 


Malpelo I., sum^ 1200f. .... 
Cocos I., [4ra.], r, Sandy B. ] 
N side, w J 


Clipperton rk., 40f., at 
S end of a lag. I., NS 
3m., I, 3 


Socorro I., ah. 2090f., 

SE pt / 

Sta.RosaI.,(Clarion, Cloud) j 


Lat. 

Lon. 

South 

East 

o“ 53 ' 

134*^50' 

I 29 

*35 14 

1 50 

136 4. 

I 57*2 

136 : ' 

I 34-6 

IV 

I 8*9 

133 54 

I 6*1 

*33 54 

0 

v.n 

00 

*34 5*0 

0 55 

*34 3 

c 4^ 

*34 9 

0 28 

*33 9 

0 44 

*33 ^5 

0 19 

132 26 

0 32 

132 15 

0 19 

132 9*0 

West 

1 22 

89 44 

I 9 

90 0 

0 44 

89 20 

0 56-4 

*9 337 

I 15-4 

90 317 

1 21 

90 23 

0 59*0 

9 * 3^-5 

0 20 

9 * 45 

0 33 

90 38 

0 12*1 
North 

90 557 

0 14 

9 * 40 

0 21 

90 0 

0 34 

90 49 

I 23 

9 * 54 

X 40 

92 4 

4 0 

81 32 

5 33 

87 0*5 

10 17 

109 10 

18 43 

110 52 

18 21 

114 3* 


Benedicitol.,^ 3m.,1100f., 1 

1, mid ) 

Roca Partida O 

Alijos, or Lobos, rks., 4 

Guadalupe I., 2 Is. NS 4 1. ?, 1 
3400f., W one ) 

4 Walker I., (small, /, }) ..O 

Manoel Rodriguez shl 


Baker T., (Guano) 

Holland I., (Guano) 

Christmas 1., NS G 1., lag., 
^ W, Cook Id... 
*" Fanning I., [2in.], lag., f,'\ 
V, r, P j 

Washington, or New York 
I., [iiin.], f, f, rf. ^m., 
^ lo- 

? Palmyras I.. KW 51., lag., 

g Wq, Pq, SW point 

O Kingman Shoal 

Two Is., small, NS 2m., 
Cornwallis Is., [7m.], (rf. 
< 7m., llo), mid 


Owhyhce L, {Hawaii) , NSl 
21 1., S pt ) 

— Mowna Roa, Mt 

— East pt 

— Byron B., Cocoanut I., 1 

\y, b, r j 

— N pt. of shl. off N coast... 

— West pt 

— Karakakoa B., r ... 

Mowee I., {Maui), ^ 14 1., 1 

w' S, E pt I 

— West sum. 612Cf. 

— Lahaina town 

Tahourowa I., {Kaholawe), 1 

#51.,^ Wpt.,(rf.2m.)i 
Ranai I., 7 1., S pt. ... 

Morotoi 1., {Molokai), EW 1 
Ept ] 

— West pt 

Woahoo I., {Oahu),\ 13 1 ., ) 

E pt j 

— S, or Diamond pt 

— Honoruru, fort, vr,, r vB 

■ — SW extreme 

— West pt 

— North pt 

Atooi I., {Kauai), 11 1., 1 

E pt i 

— Hanalac B., Brit. Cons,, 1 

w K side j 

— North pt 

— Waimea 

OneehowI.,(MiAaM),^71., ) 

E pt / 

— South pt 

Tahoora I., (Kaula), [Im,].... 


Lat.N 

Lon.W 

19 ' 

’20' 

110' 

' 35 ' 

18 

59 

ilT 

S 7 

24 

5 * 

**5 

47 

28 

54 

118 

20 

3 

5a 

*49 

*5 

10 

58 

1 

*53 

54 

0 

13*5 

176 

22*5 

0 

5o‘o 

176 

34 

I 

57 

*57 

28 

3 

si’sl 

*59 

22 

4 

4 * 

160 

*9 

5 

49 

162 

* 1*5 

6 

24 

162 

22 

5 

59 

172 

3 

16 

45 

169 

I 

39 

*9 

i 

5 1 

• 5 S 

49 


21 7 157 44 
ai 20 157 37 

21 15 157 48 

21 i 8'2 157 Si'o 
21 17 158 7 

21 36 158 15 

21 43 157 58 

22 8 159 20 

22 14 159 32*7 

22 ]6 159 31 

a* 57 159 43 

22 o 160 5 

21 45 160 18 

21 39 160 35 
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Bird I., ^80 ... 

Necker L, [ira.], ab 280f. ) 

<*> 0 ’ Lo» — ) 

French Frigate shl., rf., ) 

4 1., Id J 

Island, (1823)? 

Gardner L, [^m.] 

Maro rf., W pt. 5 /3 

Laysan I., ^ 

Lisiansky I., [Ira.], rf. 2m. j 
I, sandy, (rf. 2 1.) ) 

Pearl & Hermes rf., NE pt.. 
Midway I., N pt. of Sand I... 
Cure I., (Ocean, Stavers), I, ] 
- Sand Island J 


i66 i6 

i68 o 
r 167 59 % 

170 37*s 

17 1 42-5 

»73 4 ^ I 

g 

) »75 46 

1177 23-2 4 

1178 277 - 


Rica de Oro rk., or Lot’s ) 
Wife, 299f. / 


Ea.st 

29 45 140 20 


Ponafidin I., (St. Thomas, ] 

St. Peter, Santos, Three > O 
Hill ?) ) 

Grampus Is.,(Sebast. Lo- ] 
bos?), (2 Is. and a 3rd > O 
SW) ) 

Volcanoes, 3, Sulphur I., 1 
-#5m / 

— N Id., San Alessandro ... . 

— S Id., Sn. Augustino, 396f. 

Bonin Is., NS 14 1., N, or 1 
Parry’s grp.,-% 3 1., N rk. j 
Kater I., [& rks. l^m.], N rk. 
Peel I., NS 5in.,SW islet ... 

— Port Lloyd, ES, w', b, r, | 

r. Ten fathom hole .... / 
Bailey Is., [5 1.?], S islet... o 
Rosario (or Disappointment) i 
I., [Im.], rky., 1, /3 j 

Rasa I., ijy 5m., O 

Borodino Is., 2, NS 4 1., /, ) 

Sandy, B,, N one / 

Parece Vela, (like a sail), (Bi- \ 
shop, Douglas, Nautilus), / 

[11.],^ ) 

Santa Rosa shl. ? 

Guam, or Guahan I., 9 1-, \ 

Spt j 

— Cocos L, [Im.] 

— Umata B., on W side, w, 1 

r, Ch / 

— W extr., W pt. of Orote 1 

islet j 


(jruam ,or Guahan I . , San Luis ) 
de Apra, w, r, fort ) 
— North pt., Pt. Ritidian ... 
Rota I., 4 1., ab. 800f. 1 

summit j 

Aguijan I., [I 1.], centre 

Tinian I., NS 4 1., H^N, An-) 
son’s B. at SW part, > 

r, Anson bay ) 

Savpan I., -1^ 4 1., ab. 1200f. ) 
% w, r, (rf. W-d.), N pt. [ 


Lat. N Lon. £ 

i 3°25'8 i44°39'5 
*3 39 H 4 5 * 
14 rSHS »3 

14 51 14s 31 

H 59*4 >45 36 * 


f, w, r, (rf. W-d.), N pt. [ 

Bird I., or Farallon de Me- ■[ ^ ^ 

dinilla,^2m.ab.50f.rks. J ^ 

Anataxan I., A, ^o> ^ P*— *0 >45 4> 

Sariguaii I i6 40*5 145 46 

Zealandia bank (Piedrasi ^ 

I de Torres) J J-Ol6 5* 145 49 

Guguan I., NS 2m., E pt. ... 17 18*5 145 5i*5 
Alamagan I., 2316f., E part 17 35 145 52 

Pagan I., W end 18 3*5 145 46 

Agrigan I., P., W end 18 50 145 37 

Urracas, 3 rks 20 6’5 145 19 

Karallon de Pajaros, ab. 1200f. 20 30 145 9*5 

Marshall Is., or Jardines?) 

2,smaU ) 'S' « 

Marcus I *4 14 154 o 

Wake, or Halcyon I.,[3in.],) gg 

lag., UB, r / * * 

Caspar Rico, or Cornwallis, ) 
orSmythIs.,NS21.,Npt.; '‘’*56 


30 33 

140 15 

< 

tq 

0 

25 10 

146 40 

0 

0 

24 48 

I4I 20 

u 

< 1 

25 14 

I4I 18 

Oi 1 

24 22 

I4I 28 

'A 

1 

^7 45 

142 7 


27 31 

142 12 


27 2 

142 10 

■ 

27 5*6 

142 11-5 

' 

28 30 

>42 13 

j 

27 16 

140 51 


24 28 

>31 5 

? 

26 2 

131 15 

^ i 

20 31 

136 6 


12 30 

144 15 


>3 >4 

144 45 


13 13 

144 40 


13 17-3 

144 41*0 


13 26 

144 33 

1 


Marshall Is., Radack Is., or ) 

E chain, Bigar, or Daw- > ] 

son, Is., [4 1.], mid ) 

Button, or KoutousofF, Is., ) 
{Udirik), N pt / 

— S grp., Tagai Is., S pt. ... i 
Kruseiisteni.Tindle&Watts, \ 

{Ailufi), Is., -45- 5 1., N st. j 
Count lleideiijOrLekicbls., 1 

•’1.^ 8 1., mid j 

Jemo 1., or Steep to O 

New Year I., {Miadi)f NS | 

3 ra., /, f / 

Chatham Is., N grp., Ro- \ 
raan/otf, {Otdia), Ports 
Noel, E islet ) 

— S grp., Erikub %81.,> 

S extr / 

Calvert Is., Kaven, ^ 10 1., 1 
NW one / 

— South extreme 

Ibbetson Is., (.4itM),% 4 1., I 

mid ) 

Arrowsmith Is., % 6 1., ) 
(Daniel & Pedder Is. to > 
NE-d, O), SEpt. 

Mulgrave Is., [0 1.?], small, \ 
rfs. llo, N pt j 

— South pt 

Raliek Is., or W chain. Boa- 1 

ton, or Covell Is | 
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iBanham Is., (A'y/i), ^ 8 1 ., \ 

' E lim { 

I Elizabeth, or Coquille Is., \ 

I S pt ) I 

j Hunter I., [ 2 m.], {Namurek ?)' 

Baring Is O 

I Elmore, or Kramtchenko Is., ) 

! # 71 ., SId ) 

iMusquillo Is., 121 ., rfs. ) 

' llo.Wpt j 

— South pt 

Mentehikoff Is., % 20 1 ., S pt. 

— North-west pt 

OceanIs.,^!^ 101 .,SI(l.Mar-j 

garcta, or Paterson, /, ^ j 

— W, or liydia I 

— N, or Catharina Is 

Schanz Is., ^ T) I , mid 

Pescadores Is., 3 grps. 1 *, ) 

E grp., mid ) 

Rimsky Korsakoff Is., 

181 ., E pt j 

— We-st pt 

Eachholtz Is., ^ 7 1 ., W extr. 

Ocean I I 

Atlantic I 


6'^ z' 169° 49' 


Brown’s range, [8 1.], f,,, ] 

lag., R, N, or Arthur J 
islet ) 

— SE isiei, or Parry 

Arecifos, or Providence Is., 1 

rfa., Ilo? / 

Ualan I., (Voualan), (Hope, 
Armstrong),# 8m., C'o- r 
quille h’lrb. on NW side, | 
w, r, NE islet / 

— Mt. Crozer, ab. 2000 f 

MacAskill, or Musgrave ) 

Is., 3 , [2m.], S one j 

Seniavin Is., 3 grps , 1 3 1 ., \ 

Duperrey Is. & rf. 3 m., J 

S isld., or Aoura ) 

Pouinipet I., (Ascension, Bo- \ 

iiabe),EW 51 .,tf,P,„ 
sum. 280 If. ) 

— North I., (rf. N 2 1 .) 

Andema Is., # 3 1 ., rfs., S pt. 

Kapenouare 1 

Seven Is., (Raven, Valientes), ) 

(Nffarik),EW'6Ul,^f } 

llo»>/.Wpt ) 

Bordelaise I., (Jane, Camp- \ 

1 bell), [im.], eOf., t (i» 

I NW, rf. SE, 31 .) ) 

jMonteverde Is., # 21 ., lag.... 
IDutkkins reef, {Orolouy ?) .. O 
jMortlock Is., n.- 6 1 ., f , Lo- \ 

, gounor I . , E W 7 m . , la^. f 

I Port Charniss^, ® I; , j 

w^A^„ Eiitr / 

Etal I.S., NS 4 m., N pt.... 
— Ta, or Sotoang grp., S pt. 
iNamolouk Is., (Skiddy), 3 , \ 
^ 3 m., i I 


II 27 167 14 

II S 166 26 

1 1 40 1 6 5 24 

o 50 tO? 40 
15 165 o 

JI 40 162 15 

X I 21 162 25 

9 31 161 8 


521*3163 5 

5 *9 *^3 4"7 

6 13 160 47 

6 38 159 49 

6 52 158 24 

7 I 158 27 

6 44 158 6 

7 6 157 58 

5 46 157 30 


7 3S 155 20 

3 27 155 48 

9 *5 »54 o 

5 29*3 *53 58 

5 37 *53 4^ 

5 *7 *53 48 

5 .55 *53 *6 


San Rafael 1 ., small j 

D’Urville I., (Louasappe), 1 1 
3 i.slets on a rf., /, t, jS... j 
■ Roug Is.,(IIogolcu),- 2 | 5 . 15 1 ., 1 

P/, S islet j 

I — E limit, 3 islets 

• — N lim., Pise I 

— W lim., Torres 1 

— Tsis I., [fm], rfs.,^^,! 

I vy N, NW, N pt. ... } 

Mourillcu grp., # 7 1 ., E islet 
Namolipilian grp., # 51 .,j 
j lag. II S, S, or Namoiiyin ! 

j islet ) 

Litke I., or East Faveou, 1 

[>],rfs., ww; f 

Litke, orNauiounouyto grp., 1 
EW 15 1 ,E islet, Piserarr. ) 
— N extr., or Maghir islet ... 
— W extr., or Onoune islet.. 
Martyrs’ Is , NS 7 m., I ^ 
F, N isld., Ollap'.!. j 
— S ld.Ti)matam,(W Id. 1 

Fanadik) ) ^ 

Euderby Is., 2 ,t, r, (abk. 7, ] 
#2 1 .), (NWone, Alet), 

.SE one, Poulouliot ) 

Bank O 

Songhl.jOrPoulousoukl., 1 

NS 2 m., ) ° 

lanthe sld., [im.], If., coral 
Bigali 1 ., (Pigidi, Pyghella, 
Cotjuille), [i>n.], on a rf., \ 

' tl-, Pc ) 

; I Lydia I., {Ifebnk?) O 

! Oraitilipou bk., 13 

Fuyeon 1 ., \\ est, rf. # Tim., 1 

islet in middle, f' j 

Satahoual (Tucker) I.,[lm.], P 
Swede Is., 0 , Namourek Is., 1 
#2 1 ., ScSi E islet..../ 

— Elato Is., NS 21 

Olimarao Is-, # 2 m., NE islet 
Farroilep Is., 3 , [ 2 m.], 1 

S pt 1 ® 

Ifelouk Is., (Wilson), [ 2 ui.], 1 

lag., SW extr ) 

Ottlesiy I.S., (Thirteen Is.), ^ 
EW Oin., E, or lluour L, J 
(IS 10 K, 11 SE), S pt.. ) 

“ — SW extr., Felalisse I., 1 

; U*n.],/, f } 

I Eounipig, 2 Is., # 24m., E pt. 
\ Sorol Is., 2 , S & E, or Phi - 1 

; Hpi ) 

) Feys, orTromelinl., [Im.], ) 

/, t, no lag., #, I, ) 

Onliouthy Is., (Mackenzie), \ 
# 71 ., lag. /,f,Nextr., 

Mogmog I ) 

— W extr., Thoroylen I 


Gouap, 6r Ouap I., (Yap), 1 
NS 31 .,f,(rf.S-d.),Spt. j 
Hunter’s reef 
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(175) 


Phces 


Lat. N 


Matelotas Ts., ^ 91., \ I 

fj. llo, Spt 1 

— North txtr. 


Pelew Is., # 29 1., P,, | 


8 17' 
8 41 
8 45 
8 8 


(rfs. NW-d.), N extr, 

Kyanglel., [2m.], (rf. # 4 1.)' 

Baubelrhouap, N extr 7 49 

— East pt I 741 

Errakong- T., (harb. E, w, r). . 

Pelelew I., # 8 m., S pt 

Angour I., # 4tn., w^, [q, ^ 

S pt j 

Pulo Mariere, NS 2 m., vis. \ 

4 1.,!f 


7 

6 58 
6 55 
4 19 


Lon. E 


137 33 

137 40 
134 5 
134 35 
134 37 
134 43 , 

134 23 

*34 *3 

*34 8 

132 28 


(176) 


Places 


Pulo Anna, or Current I., 1 
[.>],/, f,(rf.W.lm.)) ^ 
Sonserol Is., or St. Andrew, 1 

2 , small, /, Ho ) 

Sequeiras I.s., 2, /, close, | 

and a 3rd j 

Nevil I., or Lord North, -Sj ) 

14in., C (rf. E) j 

Helen, or Carteret shl., J # ] 
5 1., Hc.s. 41’., N pt. islet, | 

2 ^ ) 

St. DavuPs, or Freewill Is., ) 
4,#51., /,t^,P'(l»17), 
mid j 


Lat. N 


4° 38' 
5 20 
8 45 
3 3 
3 o 
o 55 


Lon. E 


132° 3' 
132 16 
131 25 
131 4 

*3* 55 

34 


PLACES AT WHICH SHIP’S STORES (exclusive of provisions) ARE FOUND. 


The Mark f denotes Docks, wet or dry, or Slips. 


t London 

t Amsterdam 

t Cartagena 

Flume 

I Mabe? 

Hudson’s Bay 

Porto Bello? 

f Deptford 

Gluckstadt? 

Alicante ? 

Ragusa 

CargadoR 

fSt. John’s, 

Curasao 

f Woolwich 

Ivlsinenr 

Valencia? 

K at taro 

Garajos? 

Newf. 

Porto Cabello? 

1 Chatham 

t Copenhagen 

Port Alfaqucs? 

Durazzo 

fMauritius 

Quebec 

f’araccas ? 

fShcerneas 

Lubeck ? 

t Barcelona 

(’orfu 

fBomiiav 

Charlotte T.? 

Port Spain? 

Deal 

Arkona? 

Ca<la(iue8? 

Ithaca? 

Ft. de Galle? 

t Halifax 

, Demerara 

Dover 

Dantzig 

Port Veridrcs? 

Port Argostoli? 

Trincomaleo 

Annapolis? 

Georgetown ? 

Shoreham ? 

Pillau? 

Narbonno ? 

Zante 

Madras 

St. Andrew? ? 

j Berbice ? 

t Portsmouth 

Mcmcl 

Agde? 

Navarino ? 

fCalcutta 

St. John’s, 

New Amstdm. 

j Southampton 

t? Kina 

Ccltc? 

Napoli di Rom. ? 

Akyab ? 

New Brk. 

Surinam 

I 'rop.sliam 

Kevol 

Port do Bouc ? 

Il.vdra 1 

Moulmein 

Portland ? 

Cayenne ? 

t Torbay 

tKror.stndt 

tMarscille 

Pira*us (Ath.) 

Penang 

Portsmouth ? 

Para ? 

t Dartmouth 

■f Stock holm 

Port ('ette? 

Milo? 1 

Singapore 

Salem ? 

Maranham ? 

f Devoniiort 

Carlserona? 

Port (Motut? 

Salonica? | 

Beiieoolen ? 

t Boston 

Pernambuco 

Kowoy 

Mahno ? 

f Toulon 

tCoMsiaiitinople 

f .Macao 

Plymouth ? 

Bahia 

f Falmouth 

Gotlcnburg 

Fi*cj»*<? 

Varna? 

t ? (’anton 

New Bedford? 

fRio Janeiro 

Peiuance 

Frodcrickstadt? 

Ant'bes ? 

•f Odessa 

Wliampoa 

New London? 

Santos ? 

filristol 

Cbri.stiania ? 

N ICO ? 

tNicolji,vov 

t? Hong K-ong 

fNew York 

Maldonado ? 

tllartlcpool 

(Miristian.sand? 

Villa Franca? 

Sevastopol ? 

A inoy ? 

Philadelphia? 

Monte Video 

f Pombroke 

Bergen 

Poit Maurizio 

Smvrna 

Sbanghae ? 

Baltimore ? 

Buenos Ayres 

Holyhead ? 

Trondheim? 

Pt. St. Antonio 

Rhodes? 

(Miusan ? 

Georgetown? 

Port Stanley, 

tr.iverpool 

Archangel 

(Iv.) 

Khania? 

Ningpo? 

t ? Charleston 

Falkds. ? 

fOreenock 

Reikiavig? 

Iviza ? 

Candia ? 

Sarawak ? 

Savannah ? 

Valdivia 

t Glasgow 

Boulogne 

Palma ? 

Marinoricc ? 

T.abuaii ? 

Na-s.sau 

Concepcion 

Campbelton 

Dic'ppo 

Port Fornellesr 

Aloxaiidrotta ? 

j Manilla 

Turk’s Is. 

Talciihuano 

Stroiniiuss ? 

t Havre 

tPovt Mahon 

Bairout ? 

Sorsogon ? 

j Havana 

tValparaiso 

Lerwick ? 

Honficur 

Port Malfatano? 

f Alexandria 

Sainboangan ? 

Santiago de 

Coquimbo ? 

Iiiverne.ss ? 

La Hougue 

(Cagliari ? 

Tunis 

Macassar 

Cuba? 

Copiapo 

t Aberdeen 

Port Barfleur 

<"alvi? 

Algiers 

Manudo ? 

Great Cayman 

Intcrincdios 

t Dundee 

f Cherbourg 

Ajaccio? 

Palmas? 

f Batavia 

tPort Royal 

Arica 

tLeiih 

St. Pierre ? 

Bonifacio? 

Teneriti’e 

Sainarang 

Port an Prince 

t Callao 

tJter.vlck 

St. lldier’s 

Port Vccchio? 

Palma, 

Sourabaya 

Aux Cayes? 

Payta 

Tynemouth 

Granville ? 

Bastia? 

St. Miguel 

1 Bally? 

St. Domingo 

Guayaquil 

f Shields 

St. Malo ? 

fGenoa 

Terceira, .tug.? 

Coupang 

Porto Kieo, 

(Puna) 

t Newcastle 

Morlaix ? 

Port V'encre ? 

St. Michael’s 

Cajeli ? 

City 

Tumaco 

Scarborough 

f Brest 

I.’Orient 

J.eghorn 

tBermutia 

Ainbuina 

St. Thomas 

f Panama 

tllull 

Port Ferrajo? 

Senegal ? 

Ternate 

Sta-Cruz 

Kealejo 

t ? Y armouth 

Port de Palais? 

Port Longone? 

Goree 1 

1 Swan R. 

t.-Vntigua 

San Miguel 

t f Harwich 

Nantes? 

Civita Vccohia 

Batimrst? ' 

' King G’s Sound 

Martinique 

Acapulco 

tCork 

Rochelle ? 

Tibur? 

Sierra Leone 

Adelaide 

Giiadaloupe 

San Bias 

Valentia? 

Rochefort ? 

fNaples 

C. Coast? 

Port Philip 

St. Lucia? 

Mazatlan 

Limerick 

Bordeaux ? 

Reggio ? 

Accra? 

W'estern Port 

Barbados 

Guaymas 

Galway 

Bayonne 

Messina 

Princes I. 

Hobart on 

Grenada 

1 St. Diego 

Sligo 

St. Sebastian? 

Catania ? 

Ascension ? 

Port Arthur 

' Tarrpa B. ? 

San Pedro 

Port rush ? 

Bilbao ? 1 

Syracuse 

St. Helena 

Prt.Dalryinple?! 

St Mark’s? 

Sta- Barbara 

Belfast 

Santander ? 

Marsala? 

St. Paul de 

fPort Jackson i 

t ? Pensacola 

Monterey 

Carlingford 

Coruna? 1 

Palermo 

Li'ando 

Port Hunter? 

Mobile 

fSt. Francisco 

Hroeheda 

Vigo? 

Milazzu? 

St. Phil, de B. 

Wanganui ? 11. 

tNew Orleans 

Victoria Harb. 

Dublin 

Viana? 

tMalta 

Cape Town 

Nelson ? 

Galveston ? 

Esquiniault 

Kingstown 

f Oporto 

Tarento ? 

f Simons B. 

Wellington ? 

Vera Cruz 

Sitka 

Wexford 

f Lisbon 

Otranto 

Natal ? 

Auckland 

Belize 

Auckland Is. ? 

Waterford 

Setubal ? 

Ancona 

Comoro Is. ? 

Wangaroa? 

Ruatan ? 

Otaheite 

Kinsale 

Lagos ? 

Sinigaglia 

Suez? 

New Plymouth? 

Blewfields ? 

Samoa Is. ? 

Ostend 

t Cadiz 

f Venice 

Aden? 

St. Peter and 

Grey Town ? 

Honorum 

1 Antwerp 
Rotterdam 

t Gibraltar 
Malaga? 

t Trieste 

Pola 

Muscat? 

i 

St. Paul 

Chagre 

Guam, Uinata 
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TABLE 11 


APPROXIMATE VARIATION OF THE COMPASS FOR 1886. 


E E 
21° 28° 


E E 
35° 42° 
32 37 


West Longitude. 

140° 130° 120° 110° 100° 90^ 80° 70° 60° 1 60° 40° 
E “e E ^ ~E ^ I 


o o S4W 

61W59W 53 

56 55 50 

52 51 48 

48 48 45 

_44 45 43 


S. I E E 

0 9 8 

4 I 9 8 

9 8 

9 9 1 


23 10 10 

26 11 10 

29 12 II 

32 12 II 

36 13 12 

38 14 13 

40 14 13 

42 15 14 

44 16 14 

46 16 15 

48 17 16 

60 17 16 

52 18 17 

64 19 18 

66 20 19 

68 21 20 

60 22 21 


29 30 ' 

27 29 29° 

26 ”27 ”27 
24 25 25 

23 24 23 

22 23 22 

20 21 21 

19 20 20 

18 19 19 

17 18 iS 

16 17 17 

13 14 13 

12 12 12 

II II II 

10 10 10 

899 
7 7 8 

667 
5 5 6 

5 5 5 

5 5 5 ^ 


E E E 

5 5 5 

5 5 5 

556 
667 
778 
889 
899 
9 9 10 

10 10 II 

10 II II 


O 39 
o 27W35 
5° loW 22 32 

5 8 20 29 

6 6 18 25 

6 4 14 23 

6 3 12 20 

6 2 10 18 

6 iW 8 16 

6 lE 4 10 


41 40 

38 38 

35 35 

32 33 

30 31 

27 20 . 

25 2y 
23 25 
21 23 

18 21 


74 2 E iW 
7 5 2 0 


3 W loW 

2 10 


12 

14 

16 

18 

18 

IS 

10 

4 

4 

13 

IS 

17 

19 

19 

16 

II 

4 

3 

14 

15 

18 

20 

19 

16 

12 

5 

2 

14 

16 

19 

21 

20 

17 

12 

6 

1 

15 

17 

20 

21 

21 

18 

13 

6 

iW 

16 

18 

21 

22 

22 

18 

13 

7 

0 

17 

19 

22 

23 

22 

19 

14 

8 

lE 

18 

20 

23 

24 

23 

20 

14 

9 

2 

19 

22 

24 

25 

I24 

20 

15 

9 

3 

20 


25 

26 

,25 

'21 

16 

10 

4 

21' 

26 

26 

”27“ 

,26 

21 

16 

II 

4 

23 

27 

27 

28 1 

26 

22 

17 

II 

S 

24 

28 

28 


27 

23 

18 

12 

5 




j 

28 

|24 

19 







30 

25 

20 




jl80°jl70° 160° 160° 140° 130° 120° 110°|l00° 90° 80° 70° 60° 60° 40° 30° 20° 10° 0° 
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APPROXIMATE VARIATION OF THE COMPASS FOR 1886. 


Lat 

nT^' 

70 ° 24 ° 


East Longitude. 


30° 40° 50° 


W W 
15° 7° 


60° 70° 80° 
E 


90° 100° 110° 120° 130° 140° 160°, 160° 
E E E 


lE 7EI13E 
I 7 |I 3 

I 7 12 



•SK c 
14 isE , 

13 14 

12 13 

n 12 _ 13^ 

10 II 12 
9 10 II 

8 10 10 


6° 0° 3W 
J _iW 3_ 
4 I 4 
4 I 4 


4W 5W 
5 6 
6 6 

6 7 


0 3 
iW 3 

1 2 

1 I 

2 lE 



W W 
16 r4 


24 21 

26 24 

28 26 

28 27 

29 29 

_29_ 30 

30 31 
30 31 
30 32 
30 32 
30 32 
30 32 

29 32 

29 32 
29 32 

28 32 

28 31 

27 31 

27 31 

25 30 


In 18 I 5 


WWW 

1185 

13 9 6 

14 10 7 

16 12 8 

18 14 II 

21 17 13 

23 19 15 

26 22 |i8 

27 25 21 

29 27 '23 

30 29 26 

31 30 i28 

32 31 '30 

33 32 131 

33 33 32 

34 34 34 

34 35 35 

34 35 36 

34 36 37 

34 36 38 

34 37 38 

34 37 39 

34 37 40 

34 37 40 




170°il80i 

E 

E 

21° 

18 

11° 

16 

10 

15 

9 

14 

8 

13 

8 

12 

7 

12 

7 

12 

7 

II 

7 

11 

7 

11 

7 

11 

7 

II 

7 

II 

7 

II 

7 

II 

7 

n 


WWW 
3 I o 


14 II 10 

17 14 13 

20 17 16 

23 20 19 

26 23 22 

27 25 24 

29 28 26 

31 30 29 

33 32 31 

35 34 33 

36 36 35 

37 38 38 

39 39 41 

40 41 44 

41 44 47 

43 46 50 

44 48 53 

45 50 55 


lE 2E 2E 2E 
lE 2 2 2 

O lE 2 2 

iW O lE 2 
3 2W o I 
5 3 iWj I 


31 28 

34 30 

37 32 

40 35 
43 38 

47 41 

50 45 
54 49 

57 52 


20 20 

21 21 


10° 20° 30° 40° 60° 60° 70° 80° 90° 100° 110° 120° 130° 140° 160° 160°ll70° ISO 
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PASSAGES 


rA&aAUiLS 1 

Places 1 Day INo.j 

Places j 

Days 

No. 

Places 1 

Days iwo. 

Acapulco to San Bias... 

1 

10-20 

4 

Barbados to Demerara 

4-22 

5 

Callao to Galapagos... 

9-10 1 

2 

Payta 

^3 

I 

LaGuayra I 

3-6 

5 

Guayafjuil ... 

5-7 

2 

Valparaiso 

5^-53 

2 

ISIaranhain 

12-29 

2 

Hong Kong 

50 

1 

Accra to Ascension .... 

14-17 

2 

Para 

20-27 

2 

Honoruru ... 

14-38 

5 

Fernando Po 

4-10 

3 

Port Royal 

5-9 

14 

Mazatlan ... 

26 

1 

St Thomas I. 

5-^5 

2 

St. Tlionias 

4-5 

2 

Panama 

19 

I 

SiL’rra Leone 

17 

I 

Do. Stm. 

2 

. 

Do. Stm. 

6^ 

_ 

Achin Hd. to Pt. Natal 

5a 

I 

Batavia to Anaml^s ... 

8 

1 

Payta 

3-6 

•>. 

Pt. de Gallc 

7 

I 

Hong Rong 

19 

1 

Portsmouth . 

94 

I 

Aden to Bombay 

9 

S.P. 

Madras ... 

19-21 

2 

Rio Janeiro . 

46-59 

2 

Pt. de Galle 

10 

S.P. 

Siam 

36 

I 

San Bias 

27-31 

4 

Suez 

7 

s.e. 

Bav of Is. to Sydney... 

9 

1 

Valparaiso ... 

15-28 

19 

Alexandria to Malta... 

13-16 

3 

lieiize to Port Royal... 

16-19 

5 

Campeacliy to Havana 

11-12 

2 

Do.... 

3 

s.p. 

Vera Cruz ... 

7-18 

35 

Tampico 

3 

I 

Rhodes 

S 

1 

Bencoolen to (’aleutta 

28-55 

Av. 

Vera Cruz 

3 

2 

Smyrna 

1 1 

1 

Madras ... 

*3 

I 

C. Coast to Gamliia ... 

24 

I 

Suda ... 

12 

I 

B. rniuda to Barbados 

10-17 

5 

Portsmouth 

51-62 

3 

Zantc ... 

15 

I 

Christopher, St 

5 

2 

1 Sierra Leone 

10-36 

5 

Algiers to Gibraltar ... 

2 

s.r. 

English llarb 

9-10 

2 

Cape of G. H. to 




'j-i I 

4 



3 ^ 



2 

Smvrna .... 

^9 


Nassau, N.P. Stm. 

4-4 

3 

A.s(‘cnsion ... 

15-19 

4 



1 



6 



Av. 

Algoa B. to Do.lagoa B. 

10 

I 

Port an Prince 

12-15 

2 

Helena, St.... 

8-17 

46 



1 



6 



3 

Amber, C. to Bombay 

37 

I 

Southampton, Stm. 

14-18 


Johanna 

20 

2 









5 

Anambas to Java Hd... 

5-21 

5 

Bondjay to Aden 

14 

J 

Mauritius ... 

17-35 

9 

Macao ... 

i8“20 

3 

Do 

9 

H.P. 

Plymouth ... 

34 

a.p. 

Anjer to Java Hd 

4 


Calcutta ... 

20-75 

Av 

Portsmouth... 

24-53 

3 

Macao 

21-22 

2 

Ceylon 

5 

s.r. 

Trineomalco. . 

3 b -54 

9 

Natunas 

4-5 

2 

Cochin 

6-17 

4 

Cartagema to (diagres.. 

7-9 

3 

Natal 

38 

I 

Colombo ... 

9-11 

4 

Do. Stm. ... 

2 

- 

Sydney 


1 

Mauritius. . 

24 

I 

Crooked 1 

26 

1 

Antigua to Havana ... 

n 

I 

Mu.scat 

10 33 

4 

Port Roval 

3-11 

45 

Port Royal 

6 

I 

Penang 

14 

I 

Kingston, Stm. 

3 

- 

Antonio, St. to Madras 

78-83 

2 

Pt. de Gallc 

10-6 

3 

Sta. Martha ... 

3-5 

4 

Sand Hds. 

80-92 

2 

Pulo Way... 

10-12 

7 

Ceylon to Calcutta 

15-48 

Av. 

Trinidad (Atl.) 

21-27 

3 

Trincornalce 

8-15 

9 

Cartagena ... 

4-7 

4 

Apia to Valparaiso ... 

44 

1 

Zanzibar ... 

15 

I 

Madras 

2 

S.P. 

Arica to Callao, Stm... 

3 

- 

Bonny R. to England 

70 

I 

Penang 

5 

S.P. 

Copiapo,Stm. 

4 - 2 - 

- 

Bourbon to Agalega ... 

4 

I 

Port Royal... 

6-12 

8 

Islay 

2-8 

6 

Mauritius 

6 

I 

See aim Pt. de Galle 



Do. Stm... 



Natal 

16 

I 

Chagres to St. Andrew I. 

8 

! 1 

Ascension to Azores...! 

24-39 

8 

Bow I. to Otaheite ... 

! 7 

I 

Cartagena ... 

4-7 

4 

Bahia 

8-10 

2 

Brava to Ceylon 

56 

1 

Port Royal... 

6-12 

8 

Barbados 

2A. 

I 

Bio 

25 

1 1 

I 

Cochin to Bombay 

4-11 

4 

C. Coast 

II 

1 

Martin Vas... 

1 

De Galle, Pt. 

9-10 

2 

Cape of G. H. 

24-28 

2 

Buenos Ayres to 



Trincornalce 

7-11 

2 

Lizard 

34-59 

25 

M. Video 

2-3 

6 

CocosI.(Pac.) to Callao 

60 

I 

De Los, Is.... 

14 

I 

Bussorah to Calcutta... 

40-100 

Av 

Clipperton Rk. 

32 

I 

Portsmouth ... 

33-53 

20 

Calcutta to Amboyna. . . 

43-65 

Av. 

Colombo to Batavia ... 

18 

1 

Sierra Leone 

6-13 

7 

Bencoolen ... 

28-40 

Av. 

Bombay 

10-19 

2 

Thomas, St. I. 

12 

I 

Bombay 

25-75 

Av. 

Mauritius ... 

19 

1 

A atcha B. to 



Bussorah . ... 

40-100 

Av. 

Trincomalee 

8 

1 

Kotzebue Sound 

18 

I 

( 3 ape 

40-80 

Av. 

Conception to Rio Jan. 

40 

I 

Monterey 

33 

1 

Ceylon 

15-45 

Av. 

Valparaiso 

2-1 1 

8 

Azore.a Madeira 

7 

I 

Java 

33-55 

Av. 

Constantinople to 



lark/l 

■ / 

4- 1 6 

g 

Macao 

64-8 1 

Av\ 

Smyrna 

2 

S.P. 

Bnhia to Demerara ... 

16 

1 

Madras 

8-35 

Av. 

Trebisond, Stm. 

3 


Maranham ... 

*4 

I 

Do 

3 l 

S.P, 

Copiapo to Arica, Stm. 

3 

- 

Mauritius ... 

43 

I 

Manila 

58-80 

Av. 

Valparaiso, Stm. 

2 

- 

Norfol.. U.S. 

38 

I 

Mauritius ... 

30-70 

Av. 

Coquimbo to 



Pernambuco*? . 

3-12 

14 

Penang 

18-40 

Av. 

Monte Video 

30 

I 

Portsmouth ... 

46-48 

2 

. Port Jackson 

66 iio 

^Av. 

Mas a Fuera 

7 

I 

Rio Janeiro ... 

5 - 5^5 

24 

Rangoon . ... 

8-18 

Av. 

Rio Janeiro 

35-50 

3 

Do 

3 

S.Pi 

Callao to Arica, Stm.... 

4 

• 

Valparaiso ... 

4' 7 

3 

Barbados to Antigua 

2.5 

3 

Disappointment Is. 

23 

1 

Corfu to Gibraltar, Stm. 

6 

* 
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PASSA.GKS 


Days iNo. 


Days 


Days I No. 


Corfu /o Malta 

Smyrna 

Cork to Gibraltar 

Oporto 

Coui)ang to Batavia ... 

Kedgeree 

Crooked I. to Bermuda 
Kal mouth 
Havana .. 
Dclagoa B. to 

Bembatooka 
Simon’s B. 
Demerara to Carlisle B. 

Port Spain 
Surinam... 
Diego Ram . /o M . V ideo 
Disapp. C. to Bodega 
East C. (Mad.) to 

Bombay 
Easter I. to Diieies 1. 
Falklands to (J. Horn 
Valparaiso 

Falmouth, see Li/ard 
Foul Pt. (Madag.) in 
Simon’s B. 
Francisco, St. 

Honoruni 
San Bias 
Valpar.... 
Friar’s Hood to 

Madrap... 
Pulo W’ay 
Galle, Pt. de, to 

Natal 

Pul(* Way 
Simoti’s B....j 
Trineomalte 
Gambia R. to Spithcud 
Sieira Leone 
Caspar 1. to Java Hd. 

Genoa to Malta 

Gibraltar Co Algiers ... 

Li.sbon 

Malta 

Do 

Marseilles... 

Naples 

Portland ... 

Tunis 

Goree to Port Praya... 

Sierra Leone 
Grenada to Port Royal 
Port Spain 
Tobago. ... 
Guayaquil to Callao ... 

, Do. Stm, 

Halifax to Barbados . . . 

Bermuda 

Boston 

Joh.i’sSt. Newf. 

Madeira 

Portland 

Liverpool 

Havana to Barbados... 

Belize 

Bermuda ... 
Falmouth ... 


6-7 ^ 

21-48 25 

3-5 7 


10-40 8 

>5 « 

66 1 


4-12 7 

34 I 
17-27 14 
1 1 a.p 
19 I 
4-10 II 
8-14 7 

23-58 27 


Havana to Honduras. .! 

Kingston ...| 

Madeira 

Na*;sau 

Do. Stm. 
Ntuv Orleans 
New York ... 
Port R^yal... 
Portsmouth.. : 

Tampico 

Helena, St. to Aacens. 

A zores 

('.. Good Hope ... 

K(piiitoi* 

Lizard ; 

Mauritius 

PorNmi)uth (Eng.) 
Ho])arton to .Sydney . ! 
Hong Kong to IVilio...! 

Singapore! 
llonoruru to j 

Avatcha B.; c 
C. Disapp.j 

Macao I 

Monterey 
Otaheite ...1 
Valparaiso j * 
Horn, C. foCoiuu-ption; 

Rio Janeiro 

Jacinel to Jamaica I 

Port Royal 

Porto Rico, Stm. I 

Java Head to Calcutta! ' 
(!ape (1. Hope, : 
Helena, .*^t. .. 

Natal : 

.Johanna to Seychelles 

Bombay.. 1 
?.ladr.as ... 
Mahlives, . 
John’s St. (Newf.) to 

• V»MX\ 

Halitax. ... 
Portsmouth 
— (New Bruns.) to 

Halihix 

Karakakoa to Starbuek 
Kedgeree to Madra.s .. 
Keeling Is. to Swan R. 

Trineojualee 
King G. Sound to 

Hobarton ... 
Port Jackson 
Kingston to 

Sta. Martha, Stm. 

Havana 

Vera Cruz 

Kotzebue Sound to 

St. Francisco 
Leghorn to Algiers ... 

Gibraltar., 
Malaga ... 

Malta 

Marseilles 
La Guayra to Barbados 
Cartagena 


\Av 

28-70 15 

42-70 9 

28-47 2 


7-39 3 

29 1 

18 I 


t s.; 

S S.P 



La Guayra to 

Port Royal 
Poll Spain 
St. Thomas' 
Lisbon to Barbados ... 

Fill mon til 

Gibraltar 

Do 

Madeira 

Malta 

Portsmouth 

Rio Janeiro 

Simon's B 

Southampton 

St. Mary’s (Az.) 
Liverpool to 

H ilifax, Stm. 
Lizard to Amsterdam I. 

Anjer 

Bahia 

Barbados 

Cadiz 

Cape of G. Hope 

Ceylon 

Christmas I 

Crooked I 

the Equator 

Gibraltar 1 

Halifax I 

Jacmel 

Lisbon 

IMudtira 

Madras 

Mauritius 

Newfound]. St. J. 
Paul’s, St. (I. Oe.) 

Penang l 

Port Praya 

Port Royal 

Siei ra Leone 

Sydney i 

Teneriffe 

Trinidad (Atl.) .. 
Vincent’s, St. ... 
Loando to Lisbon, Stm. 

Ascension ... 
St. Helena... 
London to Bombay ... 

Dublin ... 
Sydney ... 
Lucia, St. to 

St. Jago de Cuba 
Macao to Anambas ... 

Calcutta ... < 

Caspar 

Helena, St. 
Java Hd. ... 

Manilla 

Natunas ... 
Pulo Aor ... 
Singapore ... 
Madeira to Antonio, St. 
Barbados, Stm. 

Bermuda 

Cadiz 

Carlisle B 

De Galle. Pt. 


4 I 

24 I 

4-10 8 

18-22 2 

6-11 2 

6 I 

S.P. 


20-50 45 
6-15 15 

25-57 16 
27-54 25 
5-12 12 

33 

91 I 
76 1 


26 I 
3i S.P, 
86-105 - 


.. 64-ico.4». 
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TABLE 12 


1 PASSAGES ^ 

Places 

Days 

No. 

Places 

Days 

No. 

Places 

Days !No. 

Madeira to Ferro 

4 

I 

Marseilles to Algiers... 

3 

, 

Panama to Acapulco... 

20-30 

2 

Friar’s Hood... 

89 

I 

Malta ... 

3-10 

4 

Cocos I 

1 1 

I 

Johanna 

74 

I 

Martha, St. to Pt. Royal 

3-5 

12 

Guayaquil, Stm. 

5 

. 

Loando, Stm. 

Z 7 

I 

Mary’s, St. I. to 



Realejo 

11-13 

2 


82-98 

2 





7-8 



J 



1 

Payta to Callao 

10-15 


I’ernambuco ... 

22-34 

2 

Mas H Fuera to D. Ram 

10 

I 

Pedro Branco to Macao 

9-28"' 

4 

Port Praya ... 

5-13 

3 

M asulipata m to Madras 

13 

I 

Penang to Calcutta ... 

16-45 

Av. 

Rio Janeiro ... 

24-47 

7 

Mauritius to * 



Helena, St 

95-95 

2 

Sta. Cruz, Ten. 

2-3 

7 

Belli batooka 

'5 

I 

Madras 

9-25 

12 

St. Domingo 1 



Bombay 

3-*7 

2 

Macao 

26-35 

2 

(Salinas) J 

rz 


Calcutta 

30-70 

Ao 

Do. Fast Pass. 

73 

I 

Simon's B. ... 

5*-95 

3 

Hobarton ... 

43 

I 

Malacca 

8-10 

5 

Trinidad (Atl.) 

^ 3-33 

3 

Madras 

>7 

I 

Port Jackson 

61 

I 

Tristan d’Ac ... 

35 

1 

St. Helena.. 

22-36 

2 

DeGallcPt..’ Stm. 

6 

- 


28 

I 


4-7 



1 1 






1 


10-10 

3 

Bombay 

«7 

I 

Simon’s B.... 

19-34 

8 

Singapore 

3.6 

9 





23 

I 

Do 

2 


Do 


S.l*. 

Messina to Naples ... 

I 

Trincoinalee 

16-26 

2 

Cape G. Hope ... 

49-70 

4 

Mocha to Bombay .. 

4 > 


Pernambuco to Bahia 

S -9 


Cocos Is 

24 

1 

Monte Vid. to B. Ayres 

>“5 

6 

Do. ... 

2 

s.i*. 

Colombo 

10 

I 

Falmouth... 

^9-63 

2 

Petropaulski to 



Kedgeree 

5-16 

3 

Rio Janeiro 

8-19 

28 

Mazatlan 

33 

I 

De Galle Pt.,Stm. 



Valparaiso 

3X-64 

6 

Pitcairn to Otaheite ... 

12-15 

3 

Penang 

8-33 

15 

Monterey to G uadalupe 

5 

1 

V alparaiso 

19-29 

4 

Port Jackson 

52-71 

3 

llonoruru ... 

20 

I 

Plymouth to 



Port Louis 

23-35 

2 

Magdalen B. 

1 1 

I 

Cape Good Hope 

38 

s.l’. 






7 

C. Verd 

II 

s.l’. 



4 


6 

I 

jSVc Lizard 



St. Helena 

75 


Gibraltar ... 

8-16 

2 

Port au Prince to 



Sand Heads 

3-4 

7 

Leghorn ... 

3*7 

3 

Port Royal 

4-15 

4 

Swan River 

52 

I 

Malta 

3-8 

5 

Turk’s 1 . .. 

11 

I 

Trincornalee 

2-16 

25 

Narcondaui to Macao 

44 

I 

Port Jack,, see Sydney 



Malacca to Ped. Branco 

3-5 

2 

Penang .. 

' 6 

I 

Porto Cabello to 



Penang ... 

3-6 

2 

Singapore 

^5 

I 

(Jhagres 

6 

1 

Maldonado to Rio Jan. 

12-17 

4 

Nassau to Bermuda ... 

6-8 

4 

Port Royal .. 


1 

Valparaiso 

35-43 

2 

Do. Stm. ... 

4-5 


Sta. Martha 

3-4 1 

2 

Malfa to Alcxantb’ia... 

8-12 

2 

Cay Sal 

6-7 

2 

St. Thomas .. 

8 I 

I 

Do 

3 

S.P. 

(hiiuberl. barb. 

11 

I 

Port Philip to Fort J ack. 

4-7 

2 

Constantinople ... 

7 

s.l*. 

Havana, Stm. 

i 2-2 

3 

Port Praya /o Carlisle B. 

20 

I 

Corfu 

4-8 

8 

Port Royal Stm.' 5 

1 

Cape G. H. 

41-52 

3 

Dardanelles Stm.. 

7 


Portsmouth ... 

■' 33-35 

2 

Gambia 

3-8 

3 

Fgina 

4-8 

2 



7 

Goree 

6 

I 

Gibraltar 

9-23 

'5 

Helena, St — 

' 33-36 

2 

Sierr Leone 

5-8 

6 

Do 

5 

S.P. 

Natunas to Ja\a lid. 

5-, . 

3 

Porto Rico to Bermuda 

8 

1 

Hydra 

5 

2 

Macao 

1 9 -*o 

2 

Carlisle B. 

12 

I 

Leghorn 

4 

1 

Natal 

57 

1 

J aemel . . 

2 

S 1 ’. 

Marseilles Stm.... 

2 


Ncgapalam to Kedgeree 15-17 

2 

Jamaica ... 

3 

s.l* 

Naples 

3-8 

8 




Port Royal to Barbados 

21-27 

i 

Porrsnioiith 

18-37 

6 




Bermuda 

JO-25 

9 

5 

Smyrna 

6-10 

4 

Vera Cruz, Stm. 

3 

4 


Canijieachy 

3-10 

Toulon 

10 

1 




Cartagena 

3-10 

22 

Tripoli (Barb.) ... 

5 

1 

Liverpool 

9-16 

S.P. 

Chagres 

3-5 

12 

Tunis 

2-10 

0 



I 

Crooked I 

6-14 

2 5 

Malacca to Madras ... 


J 


' 48 

1 

Fayal 

27 

1 

Penang ... 

^ 3 

8 

I 

Noiitka (0 St. Francisco 

10 

1 

Halifax 

30 

I 

Singapore 

4 

I 

Nore to llainmerfest.. 

24 

I 

Havana 

6-14 

16 

Manilla to Calcutta ... 

58-95 

Ao. 

Noukahiva to Bow 1 ... 

6 

I 

Maracaibo 

^3 

1 

Macao 

5 

i 

Otaheite to Bay of Is. . 

' ^5 

i 

Portsmouth .... 

36-66 

3 

Guspar J.... 

9 

i 

llonoruru . 

18-28 

3 

St. Jngo (Cuba) 

2-6 

8 

Pulo Aor... 

4 

I 

Pelevv Is. .. 

i 92 

1 

Sta. Martha ... 

3-13 

I r 

Singapore.. 

7-9 

3 

Pitcairn . . 

' 13-24 

4 

St. Thomas 

6-8 

4 

Manzanilla to San Bias 

5 

I 

Tongatabou 12 

1 

Trinidad (Cuba) 

4 

1 

Valpar. 

37-50 

2 

Owhyhee to Otaheite. 

i 

I 

Vera Cruz 

9-15 

8 

Maranliara to Trinidad 

i 13 

1 

Palma to 



Princess I. to Accra ... 

, 8-20 

3 

Marquesas to Woahoc 

t 17-19 

4 

Tristan d’Acunlit 

1 34-39 

2 

Annobona ... 

, 6-10 

1 2 

1 




TABLE 12 


f.9t> 


PASSAGES 1 

Places 

Days 

Nb). 

Place.s 

Days 

No. 

Places 

Days 

No. 

Prince's I. to Ascension 

7-20 

5 

Singapore to 



Thomas, St. to 



Sierra Leone 

15 

I 

Hong Kong 

7 

-s.r. 

Faval, Stm 

12-15 

- 

Pulo Aor to Achin Hd. 

18 

1 

Macao 

14-26 

5 

La Guayra, Stm.... 

4 

- 

Java Hd. 

11-15 

7 

Do. Palawan Pass 

46 


Jaemel, Stm 

2 

. 

pulo Bouton to Macao 

5 > 

1 

Madras 

13-28 

2 

Sta. Martha 

3 

s.p. 

Pulo Way to Macao... 

26-47 

2 

Manila 

14-14 

2 

Southampton, Stm. 

19-23 

- 

Penang ... 

4-6 

5 

Penring 

2 

.S.I*. 

Tobago to 



Singapore 

14-18 

2 

Sourabava . ^ 

13-30 

2 

Deme.'-ara, .Stm. 

3 

- 

pulo Sapata to Macao 

19 

] 

'I’riiicomnlcc 

14-18 

2 

Trinidad (Atl.) to 



Rangoon to Calcutt;i... 

8-18 

Ai). 

.Sitka to Nootka 

6 

' 1 

Bombay 

71 

T 

Madras ... 

15-28 

4 

Columbia R. 

9 

I 

Bourbon 

40 

I 

Penang ... 

10-12 

2 

.Smyrna to Alexandria 

7 

I 

Ceylon . . . 

62-73 

2 

Rara tonga to Vavao ... 

6 

I 

Malta 

10-17 

2 

Ganjam.. 

54 

I 

Realejo /o Caleb ra ... 

5 

I 

Suutb:m\]»ton /o 



Johanna 

39-48 

3 

Manzanilla 

28 

I 

Ah'xandria 

1 1 

s.e. 

Trinidad (Cuba) to 



Nieoya 

6 

I 

PicniiiKla, Stm. 

18-20 

2 

Barbados . . . 

5-6 

2 

Rliodcs to Smyrna 

6 

I 

Buenos .\yrcs.. 

40 

S.I*. 

La Guayra 

3-5 

2 


6-25 

I 3 

(.'alcutla 


.s.l*. 

Port Royal 

9 


Berkeley Sound 

22 


Clrurrcs 

24 

s.e 

Portsmouth 

* 9-37 

2 

Buenos Ayres ... 

9-23 

7 

Const antinople 

*5 

s.p. 

Trincomalee to Anjer 

17 

I 

Cape G. H 

18-30 

9 

Dcincrara 

22 

S.P. 

Bombay 

16-42 

5 

Conception 

36 

1 

Gibraltar 

5 

s.p. 

Cochin 

8.15 

4 






s.p. 


2-7 


Maldonado 

7-20 

6 

Havana 

25 

SP. 

Mauritius ... 

26 

1 


8-18 

28 





25 


Do 




8 



12-17 




28 

Malta 





2 

St. Cath. (Braz.) 

4-6 

4 

Nassau 

24 

s.p 

Simon’s B.... 

42-52 

7 

Sierra Leouc ... 

49 

I 

Rio Janeiro ... 

29 

s.p. 

.Swan R 

36 

1 

Valparaiso 

33-69 

9 

St. Tboma.s ... 

17 

S.I'. 

Tunis to Gibraltar 

18-19 

2 








2-6 

c 

Rodrigue 1 . to Bombay 

42 

1 

Vigo 

3 

.s.p. 

Tripoli . .. . 

8 

z 

Saerifieios to T<)rtuga.s 

i.S 

I 

.'“^'urinam to ('aynue .. 

6 

I 

Valparaiso to Callao .. 

8-20 

2 r 

Salinas /o Port Royal .. 

3-6 

2 

Suez to Aden 

6 

s.p 

Arica 

6“ 1 6 

9 

Sau Bias to Acapulco .. 

6- 1 1 

4 

Sw.m R. to (!ap:* G. 11 

46 1 

I 

Conception ... 

5-8 

7 

Clarion 1 .., 

7 

I 

Kftdings .. 

1 3 

I 

(.'opiapo, Stm. 

3 

- 

jVlazatlan .. 

3-7 

6 

Sydney to Batavia 

37 

I 

('(upiimbo ... 

2-4 

6 

Payta 

30 

I 

Bay of I.S 

7*25 

5 

Diego Ram 

18 

I 

Socorro ... 

4 

1 

Bourbon or Maur. 

77 ' 

1 

Easter 1 

*9 , 

1 

Valparaiso 

43-62 

5 

C dcutta 

66- 1 10 

Ar 

Maldonado ... 

35 

1 

Sand Heads to Cape... 

5 v ^9 

2 

(onpang 

2S-32 i 

2 

Manjuesas ... 

3'-35 1 

3 

Madras 

16-17 

2 

Entry 1 . (N. Z.) 

7 

1 

Otaheite 

37 ’ 

1 

Natal 

46 

I 

L nuloii 

140-13 1 

2 

Rio Janeiro... 

32-46 

10 

Narcoiidam 

VI I 


Manila 


1 

Vavao to Apia 

4 

I 

Penang 

1 1-37 

3 

Pcrriang 


1 

Norfolk I. ... 

9 

1 

Pulo Bouton 

30 

1 

Port Pliilip 

6-9 

2 

Nnknlau .. | 

5 

I 

llangoiiii . . . 

10 

I 

Valparai>o 

44 48 

2 

Sydney ... . 

20 

I 

Rodrigue ... 

43 

I 

’I’ampico to Havana ... 

8-17 

5 

Vera C niz to 1 1 avaiia ... 

S-2 3 

32 

Sandw.Is.4’cenonoruru 



Vt ra Cruz 

2-17 

25 

Do. Stm 

5-6 

4 

Seychelles to Bombay 

33 

I 

Do .Stm. 

1 


New Orleans, Stm. 

4 

- 

Majambo B. 

M 

I 

'Lirragona to (Jibndtar 

S-ii 


Port Royal 

22-33 

3 

Mauritius ... 

15 

1 

Tenerife to Bas.se 'Perre 

19 

1 2 

Tampico 

1-14 : 

25 

ilCanzibar 


j 

B^*ri>|iii|n 



Do i 

1 

s.p. 

Shang-hae to London 

^5 

99 

1 

Cape G. H 

48-62 

8 

Verds, C. Is. to 



Sierra Leone to Accra 

10 

I 

C. Verd Is 

4 

s.p 

Pernambneo 

Si 

s.p. 

Ascension ... 

9-25 

5 

(^•^rli.sle B 

18-21 

2 

Sierra Leone 

5 

S.P. 

C. Coast 

9-27 

17 

Eernaiulo Noronlia 

2 I 

I 

Wham])oa to London 

98 

2 

Cape G, 11 ... 

22 

S.l’. 

Gambia 

7 

1 

Wosuiig to London... 

108 

1 

Dix Cove ... 

*9 

1 

La Guayra 

*9 

I 

Zante to Malta 

6-8 

3 

Gambia 

8-10 

4 

Pernambui^a 

18-27 

8 

Zanzibar to Bombay . 

SC* 

1 

Gorce Stm... 

5 

1 

Port Royal 

28 

1 

Mauritius 

1 35 

I 

Portsmouth.. 

42-49 

8 j 

Sierra Leone 

12-14 

4 

Mom has.. 

5 

1 

Singapore to Aiijer ... 

16 

I 

Rio Janeiro 

28-32 

*3 

Muscat ... 

14-20 

2 

Hong Kong 

13-36 

5 ! 

Thomas, St. to Bermuda 

II-L 3 

2 


1 





596 


TABLE 13 


TIDE-HOURS 


Place 1 

1 Time 

Range 

Place 

Time ^Kange 

Place 

j Time 

Range 


, . 1 

h 

.n| 

1 ft. 



1 ) 

m 

ft. 


h 

J 

ft. 

Abaco 

(126) 4 

8 

0 

3 

Bantam 

(84)2 


1 

5 

Calebar, New (44) 2 

5 

O) 

9 

Abd '1 Koory..(50) 4 

4 

30 

8 

Bantry B. ... 

( 8 ) 3 

3 

47; 

10-5 

Callao (146) 1 

5 47 

4 

Aberdeen . . 

... (0) 3 I 

I 

12 ' 

19-14 

Barbara 

(143) 1 

1 1 

151 

6 

Cameroons 11. (44) 2 

6 

0 

7 

Aberystwyth 

... (3) 1 ! 

! 7 

31 

13-6 

Barbc 

( 66 ) 4 

6 

0 ; 

6 - 

Camiguiii (77) 1 

6 

0 

6 

Abrolhos ... 

(139) 1 

4 48 

, 6 

Barfleur . ... 

(18)4 

8 

5* 

17-9 

Campbell 1. (152) 2 

12 

0 

43? 

Acapulco — 

(H7)4 

3 

6 


Barnstable .. 

124) 2 

II 

0 

9 

Campbcltori ... (4) 2 

1 1 

45 

8-4 

Achen ... (03) 3, irr. j 

9 

0 

1 

' 7 

Barren Is. .. 

(48) 3 

4 

45 

12 

Campobello (123) 2 

II 

19 

21-16 

Adelaide 

. (94) 4 

5 

44 ' 6 

Bas Is 

(l!f, 3 

5 

^ 5 

27 

Cambing (87) 3 

noon 

6 

Aden 

. (53) 1 

7 

0 

8 

Basseen 

(58) 4 

12 

3^ 

17 

Canso, (lut.. ( 122 ) 2 

8 

30 

8 

Adenara 

. (87) 1 



1 8 

Batancs 

(77) 3 



4- 

Cantin C (42) 2 

10 

o' 


Agoada 

. (59) 1 

10 

30 

9 - 

Hatchian 

(90) 2 



6 

Canton (71) 3 

2 

JO 


Akaroa 

(107) 2 

4 

0 

8 

Kate 

(58) 3 

12 

0 

*4 

Capricorn ('. .. (98)? 

8 

0 

7 

Akyab 

. (60) 4 

9 

45 

9 - 

Bathurst 

(42) 4 

8 

IG 

7 

Cargados Gar. (57) 4 

2 

3 

4 

Albemarle... 

(142) 2 

7 

*5 

7 

Bay of Is — 

109) 1 

9 

16 

6 

Cardiff (2) 4 

6 

59 


Alderney 

. (18)4 

1 6 46 

17-8 

Bayonne 

(20) 4 

3 


16 

Carlingford ... (10) 1 

1 1 

c 

1 S -12 

Ainbuyiia (89) l,irr. 


33 

7 

Beachy lid. 

. (1) 3 

II 

cl 

2 1 

Cailo.s St. ... (112) 2 

1 1 

45 

! 19 

Amoy 

.. (72) 2 

iz 

30 , 

18-17 

Beaumaris 

. (3) 2 

10 

3^ 

21-12 

Carrickfergus (10) 1 

10 

30 

8 

Amsterdam.. 

• ( 11)2 

3 

0 

18 

Beaufort ... 

126) 1 

6 

5^1 

7 

Carteret (156) 1 



6 

— 1., 1. Oc. 

,. (58) 2 

11 

o' 

3 

Belfast 

( 10 ) 1 

10 

431 

9-6 

Castlereagh C. ( 143) 2 

2 

50 

4 

Andamans N. Harb. 

10 

0 , 

9 

Boll Sound.. 

(17)3 

8 

56 ; 

3 

Catherine St (139) 4 

2 

40 

6 - 

Andrava B... 

.. (49) 1 

3 

30 

7 

Belle Isle ... 

(U'J)4 

11 

3«i 

7 

Catoche, C. (133) 3 



1 

Andrews St. (132) 2 

10 

45; 

25 

Bembatooka 

(48) 4 

4 

30 

16 

Cayenne (137) 3 

3 

45 

6 

Angra, Azores (40) 4 

12 

32 

4^ 

Bembridge 

(1)4 

1 1 

40 


Cayeux (18) 2 

1 1 

5 

27-16 

— Peqaenha..(40) 1 

2 

30 

8 

Bencoolen .. 

(64)2 

0 

c 


Ceuta (39) 4 

I 

55 


Ann C.. Az (124) 1 

II 

59 

^3 

Benin 

(44)2 

4 

15 

7 

Chaguaramus (137) 1 

3 

30 

4 

— St I., Seyeh 

5 

30 , 

6 

Berliice . . . . 

(137) 2 

4 

3<^ 

11 

Champion B. (92) 4 

9 

JO 


Annapolis, U. S. . c. 

4 43 I 

2 ^ 

Bergen .... 

( 10 ) 1 


30 


Charles C. .. (125) 3 

7 

45 

5 

— Mov Scot 

II 

0 

30 

BergenopZ.(ll)ir:l‘*] 

3 

30 


ChrA-leston ( 121 )) 1 

7 

15 

8 

Anticosti, W 

Pt. ... 

3 

30 

11 

Bermuda ... 

- (41) 4 

7 or 8 

5 

Chatham (1) 1 

0 

54 


Antongil B. 

. (49) 2 

4 

0 

5 

Berwick onTNvecd(7)l 

2 

j 8 

16 

Cbattc C. ... (121) 1 

12 

0 

13 

Antonio C., 

Cuba ... 

9 

30 


Bilboa 

.. (20) 4 

2 

53 

29 .^ 

Chaussey (19) 2 

6 

9 

35-*7 

— Port .... 

(140) 3 

10 

40 

30-18 

Bissao 

.. (4:i) 1 

6 

3*^ 

>4 

Cheduba (61) 1 

1 1 

30 

8 

Antwerp 

< 11 ) 1 , 

4 

^5 

14 

Blanco C. . 

.. ( 12)2 

11 

461 

6 

Chepstow (2) 4 

7 

30 

70 ? 

Aor Pulo 

.. ( 66 ) 4 



5 

Blewhclds. 

(135) 1 

] 


2 

Cherbourg ... (IH) 4 

7 

46 

17-8 

Arbroath . .. 

... ( 6 ) 3 

1 

40 

14-8 

Blvth 

... (7) 1 

2 

48 

14-10 

Chester (3)3 

10 

30 

26 

Apalachicola (132) 1 



i 4 

Jiodega 

(149) 2 

1 1 

3*^ 

7 

Chichester ( 1 ) 3 

1 1 

45 

i-l 

Arcachon .. 

. (20)4 

4 

37 

12-7 

Bojador.... 

.. (42) 3 

12 

0 


Chigneeto ... (123) 1 

1 1 

0 

32 

Areas 

(133)3 

12 

0 

1 

Bombay ... 

.. (58) 4 

1 1 

40 

12-6 

Chimrno B. ... (72) 2 

12 

as 

16 

Archangel .. 

■ (17) 1 

7 

18 

2 

Bonacca.... 

(134) 2 

9 

Oi 


Chin-chew .... (72) 2 

12 

as 

17 - 

'Ardgla.ss 

. ( 10 ) 1 

10 

30 

^9 

Bonny 

•• (44) 2 

5 

0 

9 

Cliin-llae .... (73) 3 

12 

10 

10 

xArdrossan .. 

.. (4) 2 

1 1 

54 

10-8 

Bordeaux .. 

,. (20) 4 

6 

50 

14-11 

Chittagong ... (60) 3 

I 

30 

15 -IC 

Arica 

(115) 2 

8 

0 

5 

Boston, U.S (121)2 1 

1 1 

3^1 

1 

Chosan (HI) 2 

7 

3o| 

4 

.Arroa 

. (62) 2 



10 

Botany B. .. 

.. (98) 1 

8 


7 or 4 

Christmas .... (58) 2 

10 

0 


Arthur 

. (96) 4 

7 

5^ 

4 

Bow 1 

(153) 4 

■7 

40 

3 

Chusan (73) 3 

1 1 

0 

; 12-6 

Arundel 

...(1)3 

11 

15 

16 

Boynnua B. 

.. (4K) 4 

|4 

30 

15 

Circular lid. (97) 2 

12 


9 

Ascension .. 

. (45) 1 

5 

30 

2 

Brava 

.. (50) 4 

4 

3^^ 

8 

Clara, Sta.... (146) 3 

4 


7 - 

Auckland ... 

(108) 4 

6 

15 

10 

Bray lid. ... 

... («; 4 

10 

45 

12-7 

Coast, C (44) 1 

4 

45 

7 

Augustine B 

. (48) 3 

4 

30 

n 

Brehat I 

..(10)3 

i 5 

S* 

31.16 

Cobija (H5) 2 

9 

54 

4 

— U. S 

.(126)2 

8 

4 


Bre.st 

.. (19) 4 

1 -! 48 

i *9-9 

Cochin (59) 3 

I 

32 

6 

Awatcha ... 

(114)2 

3 

30 


Bridgewater 

... (2) 3 

6 


.35-^8 

Cockburn .... (50) 2 

4 

15 

12 

Ayr 

... (4) 1 

12 

10 , 

9-5 

Bridie 

. ( 11 ) 1 

3 

0 

I 

Cod C (126) 2 j 

1 1 

301 

! H 






Brighton 

... (1) 3 

10 

6 

16 

Colorado ... (140) 2 

3 

401 

1 1 

I3abelmandeb(52) 4 

12 

30 ! 


Bristol 

... (2) 4 

7 

*5 

1 40 

Columbia R. (149) 2 

12 

is! 

72 

- 1 


1 1 

30 

6 

British Sd. . 

.. (40) 1 

4 

0 

i 9i 

Comoro (49) 4 

4 

30 

12 

j 

Bahia 

(138) 4 

3 

30 

8 

Bruny... (96) 4 [.’If.] 

9 

> 

! 9 

Condore ( 68 ) 3 

3 

0 

! A 

Balade 

(16.3) 2 

6 

301 


Buenos Ayres (140) 2 

0 

0 

var. 

Copiapd (H5) 1 

8 

30 

1 ^ 

Balasore . .. 

. (60) 3 

9 45 

10 - 

Bulama 1. .. 

.. (43) 1 

4 

30 


Coquet (7) 1 

5 

45| 

1 15 -^ 

Balbri^uan .. 

.( 10 ; 2 

10 

40 

1 1 

Buncrana ... 

(9) 3 m. 

7 

54 


Coquimbo... (144) 4 

9 

8 | 

5 

Bally 

. C85 ) 4 

12 

30 I 

1 1 

Bushire 

.. (51)2 

7 

30 

6 

Cordovan (20) 3 

3 

37 I 

14-7 

Balta 

... (5) 4 

9 

45 ' 

1 6-3 

1 Bussora .. (54) 2 , bar 

12 

0 

1 

Coringa (60) 2 

9 

56 

5-3 

Baltimore .. 

. (10) 4 

4 

23 

10-6 

Button Is... 

. (118) 2 

6 

50 

Corisco (44) 3 

5 

0 

7 

Bananas 

. (43)« 

8 

15 

9 





i 

Cork (10) 4 

5 

I 

ji-7 

Bancoot 

.. (59) 1 

II 

0 

12 

Cadiz .... (22) 2 [2'>] 

2 


! 12-8 ; 

j Corunna (21) 2 

3 

0 


B'.nda 

.. ( 88 ) 3 

4 

ol 

6 ? 

Caernarvon . 

... (3) 2 

9 33 

14-8 

Coupang (87) 2 

II 

3°! 

7 

Banff 

... (61 2 

0 

40 

1 1-6 

Cajeli 

.. ( 88 ) 4 

1 

0 

6 I 

1 Coy Inlet ... (142) 3 

9 

30 

40 

Banks 

(107)2 

3 

4i 

8 

Calcutta .... 

. (60) 3 

3 

0 

*1 

j Cracatoa (64) 4 

7 

0 

4 
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Cromer (7) 3 7 o 15-7 

Crooked I. . (127) 37 2^ 

Crookhaven ... (8) 3 4 9 io*6 

Curieuse (57)1 5 10 7 

Curtis, Port, Austr. . 84 10-6 

Cutch, G (58) 3 iito I 15 

Cuxhaven .... (11) 4 o 44 

Dalrymple .... (97) 2 iz 5 10 

Dainaun liar. (.58) 4 1 30 17 

Oailipier Strait(91)2 11 

Dartmouth (2) 1 6 16 14-6 

Darnley I. ...( 102) 2 9 50 10 

Darwin, Port (104) 2 5 3024-17 

Dauphin, Fort (49 ) 3 4 3c 7 

I Dolagoa (47)2 440 13. 

i Delaware R.C. Hen. c. 8 c 4-3 
Delgado, Azores ... . 12 30 7 

— C (48)2 4 c j6 

Delhi, R (GO) 4408 

Deruerara... (137) 2 4 30 9 

De.sire (140) 4 12 45 21 

Devonport .... (2 > 1 5 43 15-7 

Diatiioncl I. . ((il; 2 10 30 • 8 
Diego Gar. .. (57) 4 1 3c 

— Ram (^113) 2406 

— St. C (143) 4 3^ .10 

Dieppe (li^) 2 II 6 27-15 

Di.^eovery. . (149) 3 z 30 7 

Dislocation . (143) 3 i 40 4 | 

Diu I ^,58; 3 2 o 6 

Divy (00)2 5 

Douglas (*^) 4 II 12 2i-ia 

l>over (1)2 II 12 20 

l)rag()n’sMo.(136) 4304 
Dublin Poolb. (10) 2 10 30 13-7 

Dunbar (6) 4 2 o 

Duncansby ....(4)4 10 o 9 

Dundee (6)4 2 31 15-8 

Dunkirk (10) 4 12 8 17-10 

Duninore .(10) 3, m. 5 27 12-7 

Durnford (50)3 445 12 

Durien, Strait (62) 3 irr. 10 

Easter I. ... (153) 1 2 o 

Edgar, Port (142) 2 7 ^5 6 

Egg Harb. (125) 2 r. 7 10 4 

Elbe (11) 3 la o 12 

Elena (110)3 40 17 

Embden (.11) 3 12 o 

Endeavour R. (99) 4 8 o | 
English Rd... (47) 2 7 30 5 1 

EssingtonPt. (103) 4 3 3^4 M 

Evange.lisLS . (143) 3 i 5 
Exmouth.. ..(1)4 6 29 14-8 

Exuma(127) Ijbeac. 7 2.0 2J 

Fairweath*C.(112)3 9 o 28 

Falmouth (2) 1 5 30 18 

Famine (142) 4 1 o 7 9 


(40)4 11 30 4i 


Fleetwood (3) 3 ii 1227-15 

Flushing (11)1 i 

Folkstone (1) 2 11 12 14 - 

Foreland, N.... (1) 1 II IS 17 

Fowey 5 3^ 16 

Francisco, St. (149) 1 ,, o, 

1 [li.] 

Funchal (40) 1 1 2 1 5 9 

Fundy B 60 


Fear, C (126) 1 7 o 

Fernando, Nor.(45) 1 4 o 

Ferrol (21) 2 2 29 

Finisterre .... (21) 330 
Flamenco.... (145) 1 9 10 


Gaboon, R. .. (44) 3 
Gallant, Port (142) 4 1 
Gallegos, R. (142) 3 j 
Galveston... (132) 3 | 

Galway (9) I 

Gambia, Bathurst 
Gaiubicr Is. .. (9 1) 3 
Gaspe B. ... (121) 2 

Gay Hd (121) 3 

Geby 1 (80) 4 

Ge.rgc,St.sh.(124)2 
George town (120) 1 j 

(Jhcriah (59) 1. 

Gibraltar (22) 2 

Glasgow (4) 2 

Gloucester... (143) 2 

Goa (:)9) 1 

Good Hope, C. (40)3 
Good Success (14.3) 1 

Ooree (42) 4 

Gracias, C. . (134) 3 
Grand, Port . (,)8) 1 

Granville (19) 2 

Greenock (4) 2 

Guasco (144) 4 

Guatulco ... (147) 4 
Guayines — (148) 2 

Guernsey (19) 1 

Gun Cay. .. (127) I j 
Guyaquil ... (1 lO) 4 

Haarlem (11) 2 

Hague (II) 1 

Hakluyts Hd. (17) 2 

Halifax (122) 3 

Hamburgh ... (11)4 
Hammerfest . (10) 3 
Hardy, Port (107) 4 
Hartlepool .... (7) 2 

Harwich (8) 1 

Hastings, St M.(01)4 
Hatteras, C. (125) ( 

4 [4“] 1 

Havana (128) 2 

Havre (18) 3 

Haytien, C. (129) 1 
Heligoland ... (11) 3 
Helena, St. B. (40) 2 

- t ( !•>) 1 

llenlopeii, C. {l2b^ \ 

3, c ' i 

Henry, C. .. (12.5) 4 
Herradura... (144) 4 
Hillsboro’lnl.(126)3 
Hobarton .... (96) 4 
llokianga ... (109) 2 


9 3 5 

8 5c 48 
4 

4 35 > 5-7 


Holmes Hole (124) 1 „ 

3, c { ” 

Holy I (7) 1 2 30 15 

Holyhead (3)2 10 il!i6-9 

Honduras Bay (134)1 j 1 

Honfleur (18)3 9 3023-11 

lIongKo.(71)4,[li’] 9. 

Houtman'sAb.(92)3 II 30 2 

Honoruru... (170) 4 j irr. 2 
Horn, C. ... (04.3) I j 4 40 9 

Howe, C (93) 1 9 o 6 

Huacho (146) 4 44 3 


6 i3 37->7 
12 8 10-6 

8 30 5 

> 30 5 

8 30 6- 

5 30 35 


9 o 
7 45 21 
I 30 4 

7 39 6-4 


8012 
3 28 15-8 
o 6 J 1-7 
10 40 13- 


llunter, Port (98) 1 10 45! 6 

Ilfracombe , •••(2) 3 5 42 27-15 

Indus (58)3 irr. 12-4 

Itdiambane ... (47) 2:415 10 

Inverness (6) 2 12 18 12-7 

Iquique (145) 2 8 45 5 

Islay (145)3 853 7 

Ives, St (2) 3 4 4421-10 

Jacinto (78) 2 6 30 6 

Jask B (54) 4 6 o 6 

Jerieoacoara (1.38) 2 1 1 30 12 

Jersey (19) 1 6 21 32-14 

Jervis (97) 4 6 45I 6 

Jiddah (52) 3 irr. 2 

Johanna (49) 4 3 30 8 

John’s St. Newfoun, 7 30 7 

— New Brunswick . 11 2323-17 

Joseph, St. . (140) 3 5 o| 8 

Juan, St. P. Rico ... 8 20 1^ 

— Peru (145) 3 5 lo 3 

— de Nova... (49) 3 5 

Julian (141) 4 10 45 30 

KarakakoaB.(170) 3 3 49 

Kutwyk (11) 2 2 30 5 

Kedgeree (00) 3 ii 30 

Keeling (58) 2405 

Kelung (74) 3 10 30 3 

Kilduin (16) 4 7 o 12 

Kilrush (9) 1 44- 16 

Killibeg (9) 3 6 45 

King G’s. Sd. (93) 2 il 56 3 

King’s 1 (95) 3 | irr. 12 

Kingston .... (10)2!ii 10 11-6 

Kinsale (10) 4 j 4 4^ 1 1-7 

Kish Lt (10) 2 1 10 30 10 

Kishm I (51) 4 n o 12 

Kracatoa (64) 4 17 oj 4 

Kuria Muria (53) 2 8 20 6 

Kykdum(ll) 2 [1"] I 7 o 


7 4 

9 5 

7 3« 5 

804 
I 9 30 9 


Lagos, Afr. 

... (44) 2 4 

0 

6 

— Portug. 

... (22) 1 2 

7 

13 

Larabeyeque (146) 2 4 

0 

3 

Lamo 

... (50) 3 ' 4 

6 

11 

Latham .... 

... (.50) 1 i 4 

0 

10 

Leith 

.... (0) 4 2 

17 

i6-7 

Lerwick . . . . 

(5)4 9 

45 

8 

Leiibu R. .. 

. (144) 2 10 

3°! 

5 

Limerick .. 

(9) L w*- 7 

53 

17 

Lindy 

.. (50) 1 4 

30I 

12 

Lintin 

... (71) 3 Iiz 

oi 

8 
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Lisbon (22) 1 

Liscombe ... (122) 2 

Liverpool (3) 3 

Loando (4i>) 3 

Lobito (45) 3 

Loheia (52) 4 

Loire, R., mo 

Lomas (145) 3 

Lombook (85) 4 

Loudon Docks 

Loo Choo, Napak, 

Lopez, C (45) 2 

L’Orient (20) 1 

Los Is. de ... (43) 2 
Louis, Port, Maur. . 

— Falk (142) 2 

Low, Port (144) 

Lowestofft (7) 4 

Lucas (14^) 3 

Lundy I (2) 3 

Macao (71) 3 

Macowa I (52) 3 
Machias .... vl‘'^3) 2 
Macquarrie... (9(5) 2 

Madame (49) 2 

Madeira (40) 1 

Madras (60) 2 j 

Magadoxa ... (50) 4 j 
Magalliacn^s Strt. j ! 

E. entr j j 

Mahe I (57) 1 

Mahon... (125) 3, c. 
Magnetic I. (147) 2 : 

Majambo (48) 4 i 

MagdaleuaB.(148) 3 i 
Magdalen Is. (121) 4 j 
Makuniba ... (48) 4 j 
Malacca (62) 2 

xMalfip (22) 3 . 

Maldives (55) 4 j 

Malo, St (19) 2 1 

xMalpelo Pt. (146) 3 i 
Manila ........ (76) 3 

M an - of - W a r Ca v ) 
(127) 1 } 
Manukau ... (109) 2 
Maranharn... (138) 1 
Marblehead (124) 1 
Marcouf St. .. (18) 4 i 

Marosse (49) 2 i 

Martaban .... (61) 2 
Martin, Cove (143) 1 
Marti uVas... (45) 1 
Mary St. C., Nov. ( 

Scot j 

Matheson Harbour) 
(149)3/ ' 
Masgowah .... (51) 2 
May, C....(12.5) 2, c. 

Mayotta (49) 3 

Mazatlan ... (148) J 

Mazeira (53) 2 ] 

Meicnow (72) 2 i 

Melinda (50) 2 

Mergut (61) 3 i 


7-4 

1 1 23 26-14 
4 30 6 

2 20 5 

I 30 3 

3 45 19 

8 19 5 

7 

1 59,»9-*4 

9 0, 9 

4 30 

3 4i| 20 
6 3517-13 

I 2 j 2 

5 o; 7 

o 40, 7 

9 57 7-4 

9 20, 9 
5 15^7-13 


I 30 7 
10 15 19- 
5 o 15 

9 30 3 


7 30 3 

4 o 5 
12 48 7 

7 34 3 

4 30 8 

8 56 45 


8 19I 6-4 

5 451 ” 

9 40, 3i- 

10 48, 5 

12 30' 17- 

4 15' 


II io| 13 
4 4S| *2 
4 15, 

9 30, J i 


Merjee (59) 2 

Mijitau (110) 3 

Michael, St. Az 

Michel (19) 2 

Milford Hav. .. (3) 1 
Mindanao, S. pt. (80) 1 

Minurn (121^ 1 

Min R (72) 3 

Minow I (49) 1 

Mira j)or VOS (127) 3 
Mi.ssis.sippi.. (132) 3 

Mobile (1.32) 2 

’Mocha (52) 4 

Mogador (42) 2 

Molucca Is. (88) (89) 

Mombaza (.50) 2 

Monganui... (109) 1 
Monoiny .... (121) 3 
Monterey ... (149) 1 
Monte Video (140) 1 

Montrose (6) 3 

IMonts, de ... (121) 1 

Morebat (53) 2 

Moreno (1 15) 1 

Morlaix (1^1) 

Mossel B (46) 4 

Mt. De.sert .. (123) .3 
Mourandova.. (18) 3 
Mozambique.. (47) 4 
Mugcrcs .... (1.3.3) 4 
Musa (77) 2 


Nagore (60) 1 8 

Nancowry .... (63) 2 9 
Nangasaki. .(Ill) 3 7 

Nanka (6.5) 1 

Nantucket Shi (124 L3 10 
Napakeang .. (110) 1 6 

Nareerida B... (48) 4 4 

Nassau (127) 2 7 

Natal (64) 1 10 

Negapatain ... (60) 1 5 

Negro R. ... (110) 3 ii 

Nelson (107)4 9 

New Bedfd. (124) 4,c. 7 
Newbury,Port(121) 1 

1 [•>] ) ” 

N w Calebar ..(41)2 5 

Newliaven (1) «3 11 

— U.S. ...(125) l,c. II 
New Lond. (125) 1 , c. 9 
Newport .... (121) 4 7 
New Provid (127) 2 7 

New York, City .... 8 
Nicholson ... (108) 1 4 

Njeoya ...... (1 17) 2 2 

Ninepm Ls (71) 4 lo 

Noirmoustier (20) 2 3 

Nore Lt (1) 1 jz 

Norfolk I. ... (156) 4 7 
Noss Bey .... (48) 3 5 

NuevoG.(140)3[3f.] 7 


Ocracocke .. (125) 4 9 o . 

Old Pt.Comf.(125) 4 8 27I 4 
— rrovidenee(134)4 irr. j 1.^ 


51 19-14 
16. 6-5 

3of 3-z 
45. 6-3 


Place Time Range 

Oleron (20) 83^ 19 

Oporto (21 ) 3 2 30 10- 

Orange B. ... (143) 1 3 30 5 

Ostend (10) 4 o 20 19-15 

Otago (107) 2 3 20 9 

Otaheite ..r (155) 4 noon i 
Otway, Port (143) 4 noon 6 


Padstow (2) 3 

Palmas C (43) 4 

Palmira.s Pt. .. (60) 1 

Panama (147) 1 

Paposo (145) 1 

Bara (137) 4 

— Entr 

Passamaquod. (123) 2 
Passandava ... (48) 4 

Patta (50) 3 

Pavia (146) 3 

Pearl Cays .. (135) 1 

Peiho R (110) 4 

Pelcw Is. ... (175) 1 

Ptanba (50) 2 

Pembroke (3) 1 

Penang (62) 2 

Penas, C. ... (143) 1 

Peniche (21) 4 

Penmarc’h ... (19) 4 
Pensacola ... (132) 2 
Pentland Sker. (5) 1 
Pernambuco (138) 3 
Peros Banhos (57) 2 
Pe.scadores ... (74) 1 

Peterhead (6) 3 

Philadclph. (125) 3, c. 

Philip {6b) 2 

Pieliidanque (144) 4 

Pillar C (96) 4 

Pisco (145) 4 

Placentia .... (120) 2 
Plettenburg .. (46) 4 

Plymouth, U.S 

Pornba (48) 1 

Poole (1) 4 

Portland, U.S.(1 23) 4 : 
Porto Rieo .. (130) 2 
Port Royal .. (129) 2 
Portsmouth ... (1) 3 


4 4022-16 
6 30 6 

9 30 1 1-7 
3 9 


II 30 25 
5015 
4 30 10 

3 20 3 


4 *5 *2 
6 1221-10 
215 8 

6 42 12 

> 54 

3 16 

2 

8 50 8-3 

4 23 6 

* 30 5 

10 30 9-4 

0 34 1 1-6 

1 22 7-4 

o 20 3 

9 20 5 

106 


— U.S (123)4 

Post Off. B. (169) 2 
Pouinipet ... (173) 3 

Pray a (41) 4 

Puget Sd. ... (149) 2 
Pulicat Shis. .. (60) 2 


3 10 5 

II 30 II 

4 o *5-7 
9 30 5-2 

II 10 12 

8 30 I 

5 46 6 

II 41 13-6 
II 30 10 

2 10 6 

6 t 4d 


Quail I (49) 2 4 o 5 

Quebec (121) 2 6 30 17 

Quentin St. (148) 4 9 5 5 

Quilca (145) 3 8 o 6 

Quillimane ... (47) 3 4 15 16 

Quiloa (56) 1 4 45 12 

Rachado C. .. (62) 2 5 30 i*:- 

Ragged I (86) 1 8 10 3- 

— Pt. Borneo (81) 4 7 

Raine I. (101) 1 8 o 10- 
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Pla'Je 

Time 

Range 

Place 

Time 

Range 

Place 

Time 

Range 


h 

111 

ft. 


h n> 

n. 


h 

ni 

ft. 

Rajahpoor (59) 1 

I J 

0 

12 

Sheerncss (1) 1 

0 37 

16-11 

Ting-Hae, Chusan . 

11 

0 

12-6 

RangooT> (61) 2 

5 

30 

20-14 

Sherhro' (43) 3 

6 0 

1 1 

Tobago (137) 1 

irr. 

3i 

Ras el ivhyma (55) 4 

1 1 

0 

7 

Shields (7) 1 

3 23 

13-7 

Tongatabou (159) 3 

6 

50 

4 

Realejo (147) 3 

3 

6 

11 - 

Sierra Leone . (43) 2 

7 50 

1 1 

Torbay ( 1 ) 4 

6 

0 

20 

Rendezvous I (82) 1 



8 

Sim OILS B. ... (46) 3 

2 44 

5 

Torres Strt. (102) 2 



6 

Resolution B.Marq. 1 




Singapore ... (62) 3 

9 ^ 

9 

Triangles ... (133) 3 




(156) 2 f 


30 

4 

Sisal (lt:j) 2 


2 

Trincomalee .. (60) 1 

8 

18 

2 

Rio Janeiro (139) 2 

2 

0 

6 

Sitka (1.50) 1 

0 34 


Tristan d’Ac. (45) 2 



8 

Rochefort .... (20) 3 

3 48 

20 

Sofala (17) 3 

4 0 

21 - 

Tynemouth ... (7) 1 

2 

50 

13 

Rochelle (20) 3 

3 

39 


Spain, Port . (137 ) 1 

3 0 

4 





Rodriguez .. (57) 4 

1 

35 

6 

Spurn Pt (7) 3 

5 

23-14 

Union B. ... (140) 2 

3 

10 

12-6 

Roque, C St. (138)3 



ic -6 

Staten 1 ... (11.3) 1 

4 30 

8 

Upstart C. ... (99) 2 

9 

0 

6 

Rotterdam (ll)l[f''] 

3 45 


Stephens Port, Falk. | 



Ushant (19) 4 

3 

32 

19-8 

Roval 1. .. . (134) 2 

7 

45 

3i 

(142)2) 

7 45 

7 





Rush, Port (9) 41 




— Austr ( 98 ) 1 

9 15 

8 

Valdivia ... (144) 2 

10 

35 

5 

[ 2 ‘>], [ 10 f.]...) 

5 

50 

7-4 

Stirrup Cay (127) 2 

7 0 

4 

Valentia ( 8 ) 4 

3 42 

1.-5 





Stonehaven ... ( 6 ) 3 

I 17 

14-8 

Valparaiso... (144) 3 

9 

32 

5 

Sable C. ... (122) 4 

8 

0 

9 

Stork ton (7) 2 

4 3c 

*3 

Vera Cruz .,,(133) 1 

irr. 

3 

— I.,N. side (122)1 

10 

30 

7 

Stornoway (3) 1 

6 46 

15-11 

Verd C (42) 4 

7 

45 

3 

Ditto S. side 

8 

30 

7 

Suez (52) 1 

0 ^0 

6 

VerBavah (58) 4 

12 

15 

16 

Saintes (1-31) 3 

6 

45 


Sunderland .. (7) 2 

3 22 

14-8 

Vincent, Port (163) 2 

8 

10 

5 

Salcombe (2) 1 

5 

50 

19-11 

Supe (1*16) 1 

4 50 

3 

Vingorla (59) 1 

10 

30 

6 

Saidanha (46) 2 

2 

0 

6 

Surat (58) 4 

4 0 

30 

Virgin’s C... (142) 3 

8 

5^ 

38 

Salem (124)1 

1 1 

15 

1 1 

Surinam ... (137) 3 

9 0 

6 





San Bias ... (149) 2 

9 45 

7- 

Swan R (92) 4 

8 50 

2 

Wabaav ( 88 ) 4 

6 

0 

3 

Sandalwood B,( 1 6 1 ) 1 

6 

0 

6 -.? 

Swan.sea ( 2 ) 4 

5 36 

30-15 

Walwieh (45) 4 

1 

54 

6 

San Carlos, Falk. ... 

7 

0 

8 

Sydney (9H) 1 

7 36 

6 

Wangaroo. . (109) 1 

8 


7 

Sandy Hk,c. (125)1 

7 

29 

6-4 

— Bret. I. . (122) 1 

9 

6 

Watiuford ... (10) 3 

6 

6 

»3-8 

Sanguir I. ... (90) 3 



6 




Welseley Is. (103) 1 

8 

0 

12 

San Josef ... (140) 3 

10 

c 

30-20 

Table B (46) 2 

2 30 

5 

Western, Port (75) 2 

1 

10 

8 

Siu. Cruz..,. (141) 1 

9 

30 

40-18 

Tae-Chow Is. (72) 4 

10 0 

*5 

Westport (9) 2 

4 

57 

13-6 

Sta. Maria Is. (144) 

10 

20 

6 

Talciihuano (111) .3 

10 14 

5 

We.vford (10) 3 

6 

30 

5-3 

Sapcriiah 13. (89)2 



6 1 

Tamar (1 12) 4 

3 5 

5 

Weymouth ... (1) 4 

6 

30 

7 

'iiugor I (60) 3 



12 

'ramareed ... (51) 1 

7 20 

8 

Whitby (7) 2 

3 

45 

n 

Savannah(126)2,[l'‘] 

7 

15 

H I 

Tamatavc ... (174) 2 

4 18 

8 

Wliitehavon ... (’d) 4 

1 1 

M 

23-13 

Santander ... (21) 1 

3 

30 


Tang-tang ... (19) 2 

4 

6 

Wicklow (10) 2 

10 

30 

9-5 

Scarborough... (7) 2 

4 

12 

16 . s 

Tanna (163) 3, [ 2 '‘] 

5 35 

3 

Wilson’s Pro. (95) 3 

2 

0 

10 

S(!arhet I. ... (58) 1 

I 

30 

10 

Tarbert (9) 1 

4 57 

15-7 

Woosung (74) 1, irr. 

I 


16 

Sea Bear B. (141) 1 

12 

45 

20 

Tarifa ( 22 ) 2 

II 15 .’ 

8 





Sehast. ‘at.... (139) 2 

2 

0 

4 

'Tavoy (61) 3 

10 0 

17 

Yang-tze-keang(74)l 



15 10 

Second Bar... (71) 3 

irr. 

7 

Teign mouth ... (1)4 

6 0 

i3'7 

Yarmouth (7) 4 

9 

10 

7-2 

Sein I (19) 4 

3 

2 1 

17-7 

'IVnerife (40) 3 

I 30 

7 

Yellaboi ( 43 ) 2 

7 

1C 

10 

Selsea Harb.... (1) 3 

1 1 

45 

H’5 

Texel ( 11)2 

6 45 

6 

Ylo (145) 3 

8 

20 

6 

Senegal (42) 4 

10 

30 


Tien Pak (71) 3 

12 0 

8 

York (119) 1 

1 1 

15 

14-10 

Serrana (134) 4 



2 

Thomas St. I. (44)4 

3 25 

4 

Youghal (10) 3 

5 

14 

13 W 7 

Serranilla ... (1.34) 3 

irr. 

2 

Three Pts. C. (14.3) 4 

3 0 

5 




1 2-8 

Shelburne... ( 122 ) 3 

8 

30 

8 

Timoan ( 66 ) 4 

6 0 

1 ^ 

Zanzibar (50) 2 

4 

20 

10 

- .—J 


TABLE 14 
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TABLE 15 


SEMIMENSTRUAL INEQUALITY 

OF THE TIME OF HIGH WATER, 

For London, Liverpool, Pembroke, Ramsgate, Sheerness, Portsmouth, Plymouth, and Brest. 

loon’s Sem. Moon’s Sem. Moon’s Sem. Moon’s Scm. Moon’s Sem. 

ransit Ineq. Transit Ineq. Transit Ineq. Transit Ineq. Transit Ineq. 


Qh 0® 

oh o'” 

2 ’* 30 "‘ 


5 *' O' 

10 

O 2 

40 

0 38 

10 

20 

o 4 

50 

0 41 

20 

30 

o 6 

3 0 

0 43 

30 

40 

o 8 

10 

0 45 

40 

50 

O 11 

20 

0 47 

50 

1 0 

o 13 

30 

0 49 

6 0 

10 

0 15 

40 

0 51 

10 

20 

0 i 3 

50 

0 53 

20 

30 

0 20 

4 0 

0 55 

30 

40 

0 23 

10 

0 57 

40 

50 

0 25 

20 

0 59 

50 

2 0 

0 28 

30 

I 0 

7 0 

10 

0 30 

40 

I 1 

10 

20 

0 33 

50 

I 2 

20 



lOh 0''^ 
10 
20 
30 
40 
50 

11 0 

add 

qU j5m 

0 16 

0 15 

0 IS 

0 14 

0 12 

0 II 

10 

20 

30 

40 

50 

12 0 

0 10 

0 8 

0 6 

0 4 

0 2 

0 0 























TABLE 17. 


TABLE 18 


40 

2 40 

50 

3 20 

60 

4 0 

70 

4 40 

80 

5 ^0 

90 

6 0 

100 

6 40 

no 

7 20 


130 

8 

40 

140 

9 

20 

150 

10 

0 

160 

10 

40 

170 

1 1 

20 

180 

12 

0 


0 

0 0 

1 

0 4 

2 

0 8 

3 

0 12 

4 

0 16 

5 

0 20 

6 

0 24 

7 

0 28 

8 

0 32 

9 

0 36 

10 

0 40 


11 

0 44 

12 

0 48 

13 

0 52 

14 

0 56 

15 

I 0 

16 

* 4 

17 

I 8 

18 

I 12 

19 

I 16 


27 

I 48 

28 

I 52 

29 

I 56 

30 

2 0 


32 

2 8 

33 

2 12 

34 

2 16 

35 

2 20 

36 

2 24 

37 

2 zS 

38 

2 32 

39 

2 36 

40 

2 40 


42 

2 

48 

43 

2 

52 

44 

2 

56 

45 

3 

0 

46 

3 

4 

47 

3 

8 

48 

3 

12 

49 

3 

16 

50 

3 

20 


52 

3 

28 

53 

3 

3 ^ 

54 

3 

36 

55 

3 

40 

56 

3 

44 

57 

3 

48 

58 

3 

5 ^ 

59 

3 

56 



a. 

0 

000 

1 

0*07 

2 

0*13 

3 

0‘20 

4 

0‘27 

5 

0-33 

6 

0*40 

7 

0-47 

8 

0-53 

9 

o*6o 

10 

0*67 

11 

0*73 

12 

o*8o 

13 

0*87 

14 

0-93 

15 

1*00 

16 

1*07 

17 

ri3 

18 

1*20 

19 

1*27 

20 

1*33 

21 

1-40 

22 

I *47 

23 

153 

24 

I *60 

25 , 

1-67 

26 

1*73 

27 

180 

28 

1-87 

29 

1*93 

30 

2*00 

~31 

2*07 

32 

2-13 

33 

2*20 


41 2-73 

42 2-8o 

43 2-87 

44 2*93 
•15 3*co 

46 3‘07 

47 3-13 

48 3*20 

49 3-27 
3‘33 

51 3-40 

52 3*47 

53 3-53 

54 3'6o 


« 

90 

7 

105 

0 

120 

9 

135 

10 

150 

11 

165 

12 

1 80 

13 

*95 

14 

210 

15 

225 

16 

240 

17 

^55 

10 

270 

19 

285 

20 

3C0 

21 

3.15 

22 

3 SO 

23 

345 

24 

360 


JO 15 41 

JO 30 42 

10 45 43 

11 o 44 

11 15 45 

1 1 30 46 

11 45 47 

12 o 48 
j 2 1 5 49 

12 30 50 

7717 Trr 

13 o 52 

15 15 53 

13 30 54 

1345 55 

14 o 50 

14 15 57 

14 30 60 

14 4 5 59 
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TABLE 19 


COllRKCTION OF THE SUN’S DECLINATION AT NOON, AT SEA, 


FOU LONGITUDE AND FOR TIME 


Decliii;i:ion I 

2° 4*’ I 6° 8°il0°|l2‘" 14^. I8°[l9°j20°|2l®|21i°|22°22i°|2;i^23i‘^ 


UiO 10*5 

170 in 


o o 
o‘7 o‘6 


2*6 2*5 
3*3 3*a 
3-9 3'8 
4‘5 4'5 


6-5 6*5 6*4 6*3 6 

7.2 7*2 7*1 7*0 6 

7*8 7*8 7*7 7-6 7 

8*5 8-5 8-4 8*3 8 

9*1 0*1 9*0 8*9 8 

9*8 9*8 9-7 9*5 9 

0*5 10*4 10*3 10*2 9 

i*i ii*i 11*0 10*8 10 

1*8 11*7 11*6 11*4 II 


In W. Long*. 
When the Dcclin. is 


i 0*6 0*5 o*5[o*5 0*4 ( 

i 1*1 1*0 f*o 0*9 0*9 ( 

: 1*7 1*6 1*5 1*4 1*3 

. 2*3 2*1 2-0 1*8 1*7 : 

• 2-8 . 2*7 2*4 2*3 2*1 : 

3*41 3*2 2*9 2-8 2*6 2 

4-0, 3*7 3*4 3*2 3*0 ^ 

4*5:4*2|3*9 3*7 3*4 ■ 

5*1 4*8 1 4*4 4*1 3*9 * 

5*7 5*3l4*8 4*6 4-3 ■ 

6*3 S*9|5*3 5*0 4*8 ^ 

6*8 6*4 5*8 5*5 5*2 

7*4 7*o|6*2 5*9 5*6 « 

8*0 7*5 6*7 6*4 6*0 f 

8*5 8*0 7*2 6*8 6*5 ; 

9*1 8*6 7*7 7*3 6 9 e 

9*7 9*1 8*2 7*8 7*4 ^ 
10*3 9*6; 8*8 8*3 7*9 ^ 


0*3 -'2 
0*6 0*5 
0-8 0*7 
1*0 0*9 
1*3 1*1 
1*6 1*4 
1*8 1*6 
2-1 1*9 
2*4 2-1 
2*7 

3*0 2-S 
3*2 2-8 
3*5 3*0 
3*8 3*3 
4*1 3*5 
4*4 3*7 
4*6 4*0 

4*9 4*3 


000' ()i' 0 

0*2 0-2 o‘i 0 40 
0*4 0*3 0*2 1 20 
0*6 0*4 0*3 2 0 
0*8 0*5 0*4 2 40 

1*0 0*6 0*4 ;{ 20 

1- 2 0-8 0*5 4 , 0 

1*4 0*9 0*6 4 40 
1*6 1*0 0*7 5 20 

1* 8 1*1 0-8 1; 0 

2*0 1*3 0*9 (i .ill 

2- 2 1*4 0*9 7 20 

2*4 1*5 1*0 H 0 
2*6 i’6 n ({ 40 
2*8 *8 1*2 20 

3*0 1*9 1*3 10 0 
3*2 2*0 1*4 10 40 
3*4 2*2 1-5 :i 20 
3*6 2*3 1*6 12 0 


increa^iiifr, -ddO. 
decreasing, sub. 


WI.en the Declin. is \ 

I derreusing, add. 


For Time, when the Declin. is iuciea.dug, add ; when the Declin. is dect easing, sub. 


TABLE 20 


CORRECTION OF THE EQUATION OF TI3IE, AT NOON, AT SEA 

FOR LONGITUDE AND FOR TIME 



Daily Variation 

28 I 49 I 6« I I 10* I 12* I I 16* I la* I 20* I 22* I 24* I 26** I 28* I 80* 


0*2 0*3 
0*3 0*5 

0*4 0-7 
o’6 0*8 
0*7 I’O 
0*8 1*2 
0*9 1-3 
i-o 1*5 


[ 1*3 -'o 
1*4 2*2 
1*6 2*3 
1*7 ^*5 
1-8 2*7 
1*9 2*8 


0*5 o'b o-b 
1*0 1*1 1*2 

1*5 1*7 1-8 
2*0 2*2 2*4 
2*5 2*8 3*1 
3*0 ‘3*3 3*7 
3*5 3*9 4*3 

4*0 4*4 4*9 

- 

5*0 5*6 6*1 

5*5 6-1 6*7 

6-0 6-7 7*3 

6*5 7-2 7-9 

7*0 7*8 8-6 

7*5 8*3 9*2 : 

8*0 8*9 9*8 ] 

8*5 9-4 10*4 : 

9'o 10*0 I I’O ] 


0*7 o’8 0*8 

1*4 T’S 1*7 
2-2 2’3 2*5 
2*9 3*1 3*3 


4-3 4*7 
5*1 5*4 


5*8 6-2 

6-5 7 o 

7’2 7-8 


3*91 4*2 
4*7,' 5*^- 
5*4 5*Ji 


6*2 6’7 
7 o 7*4 


7’2 7-8 8*3 

7’9 8-6 9*2 

8*7 9*3 lo’o 

9’4 lo'i io’8 
lo’i io’9 11*7 
10*8 11*7 12*5 
11*6 i2’4 i3’3 
J2*3 jT3*2 I4’2 

13*0 14*0 15*0 


In W. Long. I » In E. Long. 

‘’‘o - 1 Si:!; tt I “ 1 —1: « 

For J une, wlien the Equat. is increasing, add ; w'hen the Equal, is decreasing, suh. 


,,,, * 1-17 • S increasing, sub. 

When the Kquat. is J ..jj. 
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FOR REDUCING DAILY AND TWELVE-HOURLY VARIATIONS 
I Variation in 24 *‘ or in 12** 


mm 

■1 


1 

1 

4' 




0" 

1 30 " 


30 " 

0" 

30 " 

JKjm 


Qh ()in 

O'* O"- 

o' o " 

0' 0" 

0' 

0" 

0 

0" 

0' 

0" 

0 

0" 

0' 0" 

0 

0" 

o' 0" 

o' 0" 


30 


15 

0 I’2 

0 1*9 

0 

^•5 

0 

3*1 

0 

3.7 

0 

4*4 

0 5 

0 

5*6 

0 6*2 

0 6*9 

1 

0 


30 

O 2*5 

0 37 

0 

5 

0 

6*2 

<4 

77 

0 

87 

0 TO 

0 

1 1*2 

0 127 

0 137 


30 


45 

o 3*7 

0 5'6 

0 

7‘5 

0 

9*4 

0 

li*2 

0 

13*1 

0 15 

0 

16-9 

0 187 

0 20*6 

2 

0 

1 

0 

o 5 

0 7-5 

0 

10 

0 

125 

0 

15 

0 

17*5 

0 20 

0 

227 

0 25 

0 277 


30 


15 

o 6’z 

0 9*3 

0 

12*5 

0 

156 

0 

187 

0 

21*9 

0 25 

0 

28m 

0 31-2 

0 34*4 

3 

0 


30 

o . 7*5 

0 11*2 

0 

15 

0 

187 

0 

227 

0 

26*2 

0 30 

0 

33*7 

0 37-5 

0 41-2 


30 


45 

o 8-7 

0 13-1 

0 

17-5 

0 

21*9 

0 

26*2 

0 

30-6 

0 35 

0 

39*4 

0 43*7 

0 48M 

4 

0 

2 

0 

0 10 

0 15 

0 

20 

0 

25 

0 

30 

0 

35 

0 40 

0 

45 

0 50 



30 


15 

0 ii'i 

0 i6*X 

0 

22*5 

0 

28-1 

0 

337 

0 

39*4 

0 45 

0 

50-6 

0 56*2 

am 

5 

0 


30 

0 12*5 

0 187 

0 

25 

0 

31*2 

0 

377 

0 

43*7 

0 50 

0 

56’2 

I 27 

1 87 


30 


45 

0 13-7 

0 20-6 

0 

27-5 

0 

34*4 

0 

41*2 

0 

48*1 

0 55 

I 

1*9 

I 87 

I 15*6 

6 

0 

3 

0 

0-15 

0 22*5 

0 

30 

0 

377 

0 

45 

0 

527 

I 0 

I 

7*5 

1 15 

I 227 


30 


15 

0 i6-2 

0 24-4 

0 

32-5 

0 

40-6 

0 

487 

0 

56*9 

I 5 

I 

13*1 

I 21*2 

I 29-4 

7 

0 


30 

0 17*5 

0 26*2 

0 

35 

0 

43*7 

0 

52*5 

I 

1-2 

I TO 

I 

187 

I 277 

I 36*2 


SO 


45 

0 18*7 

0 28*1 

0 

37*5 

0 

46-9 

0 

56*2 

I 

5*6 

I 15 

I 

24-4 

1 33*7 

I 43 M 

8 

0 

4 

0 

0 20 

0 30 

0 

40 

0 

5 « 

1 

0 

I 

TO 

I 20 

I 

30 

I 40 

I 50 


30 


15 

0 21*2 

0 31-9 

0 

42*5 

0 

53-1 

I 

37 

I 

14-4 

I 25 

I 

35*6 

I 46*2 

I 56-9 

n 

0 


30 

0 22-5 

0 337 

0 45 

0 

56-2 

I 

77 

1 

187 

I 30 

I 

41-2 

1 52*5 

2 3«7 


30 


45 

0 23-7 

0 3 5-6 

0 

47-5 

0 

59*3 

I 

1 1*2 

1 

23-1 

I 35 

I 

46-9 

I 5S7 

2 10-6 

lu 

0 

5 

0 

0 2<; 

0 37*5 

0 

50 

1 

2-4 

1 

15 

1 

27-5 

I 40 

I 

52‘S 

2 5 

2 17*5 


30 


15 

0 26*2 

0 39’4 

0 

527 

I 

5-6 

1 

187 

I 

319 

I 45 


58M 

2 11*2 

2 24*4 

u 

0 


30 

0 27-5 

0 41-2 

0 

55 

I 

87 

I 

227 

I 

30'2 

1 5 ‘^ 

2 

3*7 

2 17*5 

2 31-2 


30 


45 

0 287 

0 43‘i 

0 

57*5 

I 

11*8 

I 

26*2 

I 

40-6 

1 55 

2 

9*4 

2 237 

2 38M 

12 

0 

6 

0 

0 30 

0 45 

I 

0 

1 

15 

I 

30 

I 

45 

2 0 

2 

15 

2 30 

2 45 


30 


15 

0 31*2 

0 46-9 

1 

a ‘5 

I 

i8*i 

I 

33*7 

I 

49*4 

a 5 

2 

20*6 

2 36-2 

2 51*9 

13 

0 


30 

0 32-5 

0 487 

I 

5 

I 

21*4 

I 

37*5 

I 

53*7 

2 10 

2 

26*2 

2 427 

2 587 


30 


45 

0 337 

0 50-6 

I 

7*5 


24-4 

I 

41*2 

I 

5 * 1*1 

2 15 

2 

3»*9 

2 487 

3 5*6 

u 

0 

7 

0 

0 35 

0 52*5 

I 

10 

I 

277 

I 

45 

2 

27 

2 20 

2 

37*5 

2 55 

3 12*5 


30 


15 

0 36*2 

0 

I 

12*5 

r 

30*6 

I 

487 

2 

6*9 

2 25 

2 

43*1 

3 1-2 

3 19-4 

15 

0 


30 

0 37-5 

0 56-2 

I 

*5 

I 

337 


52*5 

2 

U*2 

2 30 

2 

487 

3 7*5 

3 26*2 


30 


45 

0 387 

0 58*1 

I 

17*5 

1 

36-8 


56*2 

2 

15-6 

a 35 

2 

54-4 

3 13*7 

3 33*1 

1(1 

0 

8 

0 

0 40 

I 0 

I 

20 

I 

40 

2 

0 

2 

20 

2 40 

3 

0 

3 20 

3 40 


30 


15 

0 4f2 

I 1*9 

1 

22*5 

I 

43 ' I 

2 

3*7 

2 

24*4 

2 45 

3 

5*6 

3 26*2 

3 46*9 

17 

0 


30 

0 42-5 

I 37 

I 

25 

i I 

46*2 

2 

7*5 

2 

287 

2 50 

3 

11*2 

3 .32-5 

3 53*7 


30 


45 

0 437 

I 5*6 

1 

27*5 

1 

49*3 

2 

I 1*2 

2 

33-1 

2 55 

3 

16-9 

3 38*7 

4 0*6 

18 

0 

9 

0 

0 45 

I 7-5 

1 

30 


527 

2 

15 

2 

37*5 

3 0 

. 3 

227 

3 45 

4 7*5 


30 


15 

0 46’2 

I 9*3 

1 

3^*5 


55-6 

2 

187 

2 

41*9 

3 5 

3 

28m 

3 51*2 

4 14*4 

1 !) 

0 


30 

0 47-5 

I I 1*2 

I 

35 

1 

5^**7 

2 

227 

2 

46*2 

3 10 

3 

33*7 

3 57*5 

4 21*2 


30 


45 

0 487 

1 13*1 

I 

377 

2 

1*9 

2 

26-2 

2 

i;c*6 

3 15 

3 

39*4 

4 3*7 

4 28m 


0 

TiT 

0 

P 50 

I 15 

1 

40 

2 

5 

2 

T~ 

2 

"55"’ 

3 20 

3 45 

4 10 

4 35' 


30 


15 

0 51*2 

I i6-8 

1 

4^-5 

2 

8-1 

2 

33*7 

2 

59*4 

3 25 

3 

50*6 

4 i6’2 

4 41*9 

21 

0 


30 

0 52-5 

1 187 

I 

45 

2 

I 1-2 

2 

37*5 

3 

3*7 

3 30 

3 

56*2 

4 227 

4 487 


30 


45 

° 537 

I 20-6 

1 

47'5 

2 

147 

2 

41-2 

3 

8m 

3 35 

4 

1*9 

4 287 

4 55*6 

22 

0 

11 

0 

0 55 

' I 22'5 

1 

50 

2 

17*4 

2 

45 

3 

127 

3 40 

4 

7*5 

4 35 

5 27 


30 


15 

0 56-2 

I 24-4 

1 

5^7 

2 

20*6 

2 

487 

3 

i6*9 

3 45 

4 

13M 

4 41*2 

5 9*4 

23 

0 


30 

0 57*5 

I 26*2 

I 

55 

2 

237 

2 

52*5 

3 

21*2 

3 50 

4 

187 

4 47*5 

5 i6*2 


30 


45 

0 58-7 

I 28*1 

1 

577 

2 

26-8 

2 

56*2 

3 

25*6 

3 55 

4 24*4 

4 53*7 

5 23-1 

24 

0 

12 

0 

I 0 

I 30 

2 

0 

2 

30 

3 

0 

3 

30 

4 0 

4 30 

5 0 

5 30 


30 


15 

I 1*2 

1 31-9 

2 

27 

2 

-im 

j_ 

3*7 ’ 

J_ 

34*4 

4 5 

4 

35*6 

1; 6*2 

5 367 

2^ 

0 


30 

I 2*5 

I 337 

2 

5 

2 

36-2 

3 

7*5 

3 

387 

4 10 

4 41*2 

5 12-5 

' 5 43*7 


30 


45 

I 37 

I 35*6 

2 

77 

2 

39*4 

3 

11*2 j 

3 

43*1 

4 15 

4 467 

5 i **7 

5 50*6 

2U 

0 

13 

0 

1 5 

I 37-5 

2 

10 

2 

427 

3 

^5 

3 477 

4 20 

4 

5^-5 

5 25 

5 5 ''* 5 


30 


15 

I 6*2 

I 39*4 

2 

127 

2 

45*6 

3 

J87: 

3 

51*9 

4 25 

4 58 'i 

5 31*2 

6 4*4 

27 

0 


30 

I 7‘5 

I 41*2 

2 

15 

2 

487 

3 

227 

3 56 -i 

4 30 

5 

3*7 

5 37*5 

6 II ’2 


30 


45 

I 87 

» 43 -> 

2 

177 

2 

51*9 

3 

26*2 

4 

0*6 

4 35 

5 

9*4 

5 43*7 

6 18., 

28 

0 

14 

0 

1 10 

I 45 

2 

20 

2 

55 

3 

30 

4 

5 

4 40 

5 

IS 

5 50 

6 25 


30 


15 

I II ’2 

I 46 9 

2 

227 

2 

58-1 

3 

33*7 

4 

9*4 

4 45 

5 

20*6 

5 56-2 

6 31-9 

29 

0 


30 

1 12*5 

I 487 

2 

25 

3 

1*2 

3 

37*5 

4 

137 

4 50 

5 

26*2 

6 27 

6 387 


30 

|l6 

45 

I 137 

1 50*6 

2 

277 

, 3 

4-3 

3 

41*2 

4 

i8m 

4 55 

5 

31*9 

6 87 

6 45*6 

30 

0 


0 

I *5 

1 I 52-5 

2 

•30 

h 

77 

3 

4 S 

4 

227 

5 0 

5 

37*5 

6 15 

1 6 52*5 
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TABLE 21 


FOR REDUCING DAILY AND TWELVE-HOURLY VARIATIONS 


24*' or in 12’> 

¥ 


0 I 

lid 0 


wmm 



5 0 

5 25 

5 7*5 

5 33 'i 

5 J 5 

5 41*2 

5 22*5 

5 49*4 

5 30 

5 57 -S 

5 37*5 

6 56 

5 45 

6 137 

5 5»’5 

6 2 T ’9 

6 0 

6 30*5 

6 7*5 

6 38-1 

6 IS 

6 46*2 

6 22*5 

6 54*4 

6 30 

7 2*5 

6 37*5 

7 io’6 

6 45 

7 18-7 

« 52*5 

7 26*9 

7 0 

7 35 

7 ' 7*5 

7 43 * J 

7 IS 1 

7 5 J *2 

7 22*5 

7 59*4 


3 V 7 3 ^^^'9 

3 ia *5 3 26*2 
3 21-2 3 35-6 

3 30 3 45 

3 3^’7 3 54'4 
3 47*5 4 3*7 

3 5 ^^*^ 4 13*1 

45 4 22*5 

4 n *7 4 3« *9 

4 22 5 4 412 
4 31*2 4 50*6 
4 40 50 

4 4^*7 5 9*4 

4 57*5 5 iS '7 

5 6'2 5 28*1 

5 15 5 37*5 

5 23*7 5 46-9 
5 32*5 5 56*2 
^ 41*2 6 5*6 

5 50 6 15 

5 58*7 6 24*4 

6 7*5 6 337 

6 i 6*2 6 43*1 
6 25 6 52-5 

6 337 7 1*9 

6 42*5 7 1 1 2 

6 51*2 7 20*6 

70 7 30 

7 ^'-7 7 39*4 
7 * 7*5 7 4 ^ 5*7 
7 26*2 7 58* I 

7 35 8 7-5 

7 43‘7 * i 6‘9 

7 52-5 8 26*2 

8 1*2 8 35-6 

8 10 8 45 

8 187 8 54*4 
8 27*5 9 37 

8 36-2 9 13*1 
8 45 9 22 5 


7 47*5 

7 58-1 

8 87 
8 19-4 
8 30 

8 40*6 


8 51-2 

9 1*9 

9 12*5 
9 23M 
9 33'7 
9 44*4 

10 5*6 
10 i6*2 


0' o'' 

0 II'2 

0' 0" 

0 11*9 

0 22*5 

0 237 

0 33*7 

0 35-6 

0 45 

0 47-5 

0 56*2 

0 59 4 

I 7*5 

I II -2 

I i 8‘7 

I 231 

1 30 

I 35 

I 41*2 

I 467 

1 52-5 

I 587 

2 3*7 

2 10-6 

2 15 

2 22-5 

2 26*2 

2 34*4 

2 37*5 

2 46-2 

2 487 

3 0 

3 TI*2 

2 58-1 

3 10 

3 217 

3 22-S 

3 33'7 

3 33*7 

3 4S'6 


3 56*2 

4 9*4 

4 7*5 

4 2J-2 

4 J87 

4 33*1 

4 30 

4 45 

4 4 J *2 

4 56 9 

4 52*5 

5 8-7 

5 3*7 

5 20-6 

5 J 5 

5 32*5 

5 26’2 

5 44*4 

TtTs 

5 5^*2 

5 48*7 

1 6 8m 

6 0 

6 20 

6 II ’2 

6 317 

6 22-5 

6 43*7 

6 33*7 

6 55-6 

6 45 

7 7*5 

6 56*2 

7 19*4 

7 7*5 

7 31*2 

7 187 

7 43*1 

7 30 

7 55 

7 4 J *2 

8 7-9 

7 52*5 

8 18-7 

8 3*7 

8 30*6 

8 15 

8 26-2 

8 42-5 

8 54*4 

8 37*5 

9 6*2 

8 487 

9 181 

9 0 

9 30 

9 II '2 

9 4 J ‘9 

9 22-51 

9 53*7 

9 33*7 

10 5*6 

9 45 

10 17*5 

9 56*2 

10 29*4 

10 7*5 

10 41-2 

10 18 7 

10 53*1 

10 30 

II 5 i 

10 41*2 

II 16-9 

10 52-5 

II 28-71 

11 3-7 

II 40 - 6 , 

u J 5 

II 52-5! 



4 22*5 

4 35*6 

4 35 ' 

' 4 48*7 

4 47*5 

5 1*9 

5 0 

5 J 5 

5 12-5 

5 28*1 

5 25 

5 4 J *2 

5 37 5 

5 54*4 

5 50 

6 7 ’ 5 

6 2-5 

6 20-6 

6 15 


6 27-5 

6 46-9 

6 40 

7 0 


7 5 7 

7 17*5 7 
7 30 7 

7 42*5 8 

7 55 8 

8 7*5 8 

8 20 8 - 

8 32-5 8 
8 44 9 

8 57*5 9 ‘ 

9 10 9 

9 22*5 9 
9 35 JO 
9 47*5 JO 


10 50 II 

11 2*5 II 

II 15 II 

II 27*5 12 

1 1 40 12 

11 52*5|J^ 

12 5 I12 < 
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TABLE 21 



lU 

0 5 

0 


30 

15 

11 

0 

30 


30 

45 

12 

0 6 

0 


15 0 

30 

30 

45 

10 0 

8 0 

30 

15 

17 0 

30 

3(» 

45 

18 0 

9 0 

30 

15 

19 0 

3() 

30 

45 

20 0 

10 0 

30 

15 

21 0 

30 

30 

45 

22 0 

11 0 

30 

15 

23 0 

30 

30 

45 

24 0 

12 0 

30 

15 

25 0 1 

30 

30 

45 

26 0 1 

13 0 

30 1 

15 

27 0 

80 

30 

45, 

20 0 

14 0 

30 

15 

29 0 

30 

30 

1 45 

30 0 

15 0 


L • 


8 20 8 

8 40' 8 
90.9 

9 20 9 

9 40 9 

10 o 10 

10 20 10 
ro 40 II 

11 on 
II 20 II 

11 40 12 

12 o 12 
12 20 12 

12 40 13 

13 013 


I 1 1 20-6 1 I 

11 41*2 12 

12 1'9 12 
12 22’5 12 

12 43*1 13 

13 3*7 13 

M 24-4 

13 45 '4 

14 5*6 14 

14 26*2 14 

14 46*9 15 

15 7-5 15 

15 28-1 15 

15 48*7 t6 

16 9*4 16 

16 30 17 

16 50'6 17 

17 II-2 17 
17 3i‘9 18 

17 52*5 

18 13-1 

18 337 

18 54*4 

19 15 

19 35*6 

19 56*2 

20 i6’9 
20 37*5 


7 26-2 7 

7 47-5 ^ 

8 8-7 8 

8 30 8 

8 51-2 9 

9 9 
9 33*7 9 
9 55 

10 16*2 10 
10 37*5 JO 

10 58*7 II 

11 20 II . 

11 4i’2 12 

12 2*5 12 

12 23-7 12 . 

45 ^3 

13 6-2 13 

13 27-5 13 
J 3 4^*7 H 

14 10 14 

14 31-2 14 

14 52*5 15 

15 13*7 *5 ■ 
15 35 

15 56*2 16 : 
t6 17*5 16 4 

16 38-7 17 

17 O 17 
17 21*2 17 

17 42*5 18 

18 3*7 18 


0 

22*5 

0 

23*1 

0 

45 

0 

46*2 

1 

7*5 

I 

94 

I 

30 

I 

32-5 

I 

5^*5 

I 

55*6 

2 

15 

2 

j 8*7 

2 

37*5 

2 

41*9 

3 

0 

3 

5 • 

J_ 

22 5 

_ 3 ^ 

28*1 

3 

45 

3 

51*2 

4 

7*5 

4 

14*4 

4 

30 

4 

37-5 

4 

5 'i *5 

5 

0*6 

5 

'5 

5 

23-7 

5 

37*5 

5 

46-9 

6 

0 

6 

10 

6 

22*5 

6 

33*1 

6 

45 

6 

56*2 

7 

_215 

7 

19*4 

T 

30 

7 

42-5 

7 

52*5 

8 

5*6 

8 

15 

8 

28*7 

8 

37*5 

8 

51*9 

9 

0 

9 

15 

9 

22*5 

9 

38*1 

9 

45 

10 

1*2 

10 

7*5 

10 

24*4 

10 

30 

10 

47*5 

10 


1 1 

10-6 

11 

15 

11 

33*7 

11 

37*5 

1 1 

56*9 

12 

0 

12 

20 

12 

22*5 

12 

43*1 

12 

45 

13 

6-2 

*3 

7*5 

13 

294 

i 3 

30 

13 

5 -^ 5 

*3 

5^*5 

14 

15*6 

14 

15 

14 

38*7 

!± 

sy*; 

15 

1*9 


0 ' 

15 

25 

^5 

22*5 

15 

48*1 

IS 

45 

16 

1 1*2 

16 

7*5 

16 

34*4 

16 

30 

16 

575 

16 

52*5 

17 

20*6 

17 

15 

17 

43*7 

17 

37*5 

18 

6*9 

18 

0 

18 

30 

ig 

22*5 

18 

53*1 


45 

19 

ib*2 

19 

7*5 

19 

39*4 


o 23-7 o 24-4 

0 47-5 o 48-7 

1 11*2 I 13*1 

I 35 I 37*5 
I 58*7 2 1*9 


n 52*5 12 11*2 
12 i6*2 12 35*6 

12 40 13 o- 

*3 3*7 13 ^ 4*4 

*3 27-‘5 13 4«-7 

13 51*2 14 131 

H 15 H 37*5 

14 38*7 15 1*9 

15 2*5 15 26*2 

15 26*2 15 50*6 
15 50 16 15 

lb 13-7 16 39*4 

37*5 17 3*7 

17 1*2 17 28*1 

17 ^5 17 5^*5 

17 48*7 18 i6*9 

18 12*5 iS 41*2 

18 36*2 19 5*6 


0 0" 
0 25 

0 50 

0' o'' 
0 25-6 
0 51*2 

I 15 

1 i6’9 

I 40 

I 42*5 

a 5 

^ 8*1 

2 30 

2 - 33*7 

a 55 

2 59-4 

3 20 

3 ^5 

3 45 

3 5^*6 

4 10 

4 ib-2 

4 35 

4 41*9 

5 0 

5 7*5 

5 ^5 

5 33*1 

5 50 

5 5«*7 

i '5 

6 24*4 

0 40 

6 50 

7 5 

7 15*6 

7 30 

7 41*2 

7 55 

^ ^9 

8 20 

8 32*5 

8 45 

8 58*1 

9 10 

9 ^37 

9 35 

9 49*4 

10 0 

10 15 

10 25 

10 40*6 

10 50 

11 6*2 

II 15 

III 31-9 

II 40 

111 57*5 


12 23*1 

12 30 

12 48*7 

12 55 

13 14*4 

13 20 

13 40 

13 45 

14 5*6 

14 10 

14 31*2 

14 35 

14 56*9 

15 0 

15 22-5 

15 25 

15 48-1 

15 SO 

16 13*7 

16 15 

16 39*4 


i 7 5 

17 30*6 

17 56*2 

18 21*9 

18 47’5 

19 13*1 
19 38*7 

2C 4'4 

I20 30 




54*4 

20 

a 5 

|20 

55-6 

20 

i8*7 

20 

50 

|2I 

irz 

20 

43*1 

21 

15 

I3 1 

469 

21 

7*5 

21 

40 

22 

12*5 

21 

31*9 

22 

.5 

;22 

38-1 

21 

56*2 

22 

30 

23 

3*7 

22 

20*6 

22 

55 

■as 

294 

22 

45 

23 

20 

as 

55 . 

23 

9*4 

^3 

45 

a 4 

20*0 

23 

33*7 

24 

10 

a 4 

46 2 

23 

581 

24 

35 

|a 5 

II9 

24 

22*5 

as 

0 

1*5 

37*5 
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TABLE 21- 


FOR REDUCING DAILY AND TWELVE-HOURLY VARIATIONS 


Inter- : Inter- 


Vuriiition in 24** or in 12’* 


Oil ()m 

lo 
:i() 

45 
1 0 
15 
30 
45 

2 0 

.•iol 5 25 5 31*2 

4 ^) 5 57'5 6 4*4 


0 32-5 o 33M 

15 1 6-2 

1 37-5 I 39*4 

2 10 2 12*5 

2 42-5 2 45-6 


0 33*7 

0 34*4 

1 7*5 

1 8-7 

1 41*2 

1 43 C 1 

2 15 

2 17*5 

2 48*7 

2 51-9 

3 22*5 

3 26*2 

3 56*2 

4 0*6 

4 30 

4 35 

5 3*7 

5 9*4 


2 20 

2 22‘5 

^ 55 

2 58-1 

3 30 

3 33'7 

4 5 

4 9*4 

4 40 

4 45 


5 

50 

5 

56-2 

6 

25 

6 

31*9 

7 

0 

7 

7-5 

7 

35 

7 

43-1 

8 

10 

8 

i8‘7 

8 

45 

8 

54*4 

9 

20 

9 

30 

9 

55 

10 

5*6 

10 

30 

10 

41-2 

II 

5 

II 

i6*9 

11 

40 

1 1 

52-5 

12 

15 

12 

28* I 

12 

50 

’3 

3*7 

*3 

25 

T 3 

39*4 

H 

0 

14 

15 

14 

35 

14 

50’6 

*5 

10 


26*2 

15 

45 

16 

1*9 

16 

20 

16 

37*5 

16 

55 

II. 

n*i 


0' 0" 

0 ' 0 " 

0 

0 36*2 

0 36*9 

0 

I 12*5 

I 13-7 

I 

I 48^7 

I 50-6 

I 

2 25 

2 277 

2 

3 1-2 

3 4*4 

3 

3 37*5 

3 41-2 

3 

4 13*7 

4 i 8 ‘i 

4 

4 50 

4 55 

5 

5 26*2 

5 31*9 

5 

6 2*5 

6 38-7 

7 15 

7 5^*2 

8 27-5 

9 3*7 

9 40 

10 i 6‘2 

10 52-5 

11 28-7 

12 41*2 

6 87 

6 45*6 

7 22*5 

7 59*4 

8 36*2 

9 13*1 

9 50 

10 267 

*137 

11 40*6 

12 17*5 

12 54-4 

6 

6 

7 

8 
8 

9 

10 

10 

11 

11 

12 

13 

13 * 7*5 

13 31-2 

13 

13 53*7 

14 8*1 

*4 

14 30 ' 

^4 45 

’5 

15 6*2 

15 21-9 

’5 

15 4^*5 

15 587 

16 

16 187 

16 35*6 

16 

16 55 

17 12*5 

17 

17 31-2 

^7 49‘4 

18 

1 !^ 7*5 
’8 43*7 

18 26-2 

19 31 

18 

19 


20 46*9 

21 22-5 
21 58-1 

33'7 

23 45 

24 20'6 

24 56-2 

25 31’9 

26 7*5 

26 43-1 

27 i8-7 

27 54*4 

28 30 

29 41*2 

30 i6*9 

30 5^’5 

31 28*1 

32 3'7 
3 i 39-4 

33 15 , 

33 50*6 

34 26*2 

35 1-9 
35 37*5 
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LOGARITHMS FOR REDUCINO DAILY VARIATIONS 
Hours, Degrees, or Minutes 


10 

2*1584 

*•3133 

11 

2*1170 

1*3071 

12 

2*0792 

1*3010 

13 

2*0444 

1*2950 

14 

2*0122 

1*2891 

l.j 

i*98a3 

1*2833 

1(> 

1*9542 

1*2775 

17 

1*9279 

1*2719 

18 

1*9031 

1*2663 

10 

1*8796 

1*2607 

20 

**8573 

**2553 

21 

1*8361 

1*2499 

22 

1-8159 

1*2445 

23 

1*7966 

1*2393 

24 

1*7782 

1*2341 

2.'» 

1*7604 

1*2289 

28 

1*7434 

1*2239 

27 

1*7270 

1*2188 

28 

1*7112 

1*2139 

29 

1*6960 

1*2090 

30 

i*68i2 

1*2041 

31 

1*6670 

1*1993 

32 

1*6532 

I * 1 946 

33 

1*6398 

1*1899 

34 

1*6269 

1*1852 

35 

1*6143 

1*1806 

36 

1*6021 

1*1761 

37 

1*5902 

1*1716 

38 

1*5786 

1*1671 

39 

1*5673 

1*1627 

10 

*•5563 

1*1584 

41 

1*5456 

1*1540 

42 

i*S 35 i 

1*1498 

43 

1*5249 

1*1455 

44 

»‘ 5 H 9 

>•1413 

45 

1*5051 

1*1372 

1 

1*4956 

1*1331 

47 

1*4863 

1*1290 

48 

1*4771 

1 * 1 249 

49 

1*4682 

1*1209 

50 

1*4594 

1*1170 

51 

1*4508 

1*1130 

52 

1*4424 

1*1091 

63 

1*4341 

1*1053 

54 

1*4260 

1*1015 

55 

56 

1*4180 

1*0977 ( 

1*4102 

1*0940 < 

57 

1*4025 

1*0902 < 

58 

**3949 

1*0865 * 

69 

*•3875 

1*0828 1 

60 

1*3802 

1*0792 ( 


0 

1 


r 7781 68ia 6ozi 
r 7763 6798 6009 
; 7745 6784 5997 
) 7728 6769 5985 
; 7710 6755 5973 

I 7692' 6741 5961 
i 7674 6726 5949 
; 7657 6712 5937 

t 7639 6698 5925 

> 7622 6684 5913 
) 7604 6670 5902 

; 7587 6656 S890 

r 7570 6642 5878 
I 7552 6628 5866 
i 7535 6614 5855 
[ 7518 6600 5843 
: 7501 6587 5832 
I 7484 6573 5820 
' 7467 6559 5809 
; 7451 6546 5797 

1 7434 653-2 5786 
■ 7417 6518 5774 

> 7401 6505 5763 
I 7384 6492 5752 
' 7368 6478 5740 
•735* 6465 5729 
; 7335 6452 5718 
h 73*8 643S 5706 
[ 7302 6425 5695 
- 7286 6412 5684 

7270 6398 5673 
7254 6385 5662 
I 7238 6372 5651 
I 7222 6359 5640 
7206 6346 5629 
7190 6333 5618 
7174 6320 5607 
7*59 6307 5596 
7*43 6294 5585 
7128 6282 5574 

7112 6269 5563 
7097 6256 5552 
7081 6243 554* 
7066 6231 5531 
7050 6218 5520 
7035 6205 5509 
7020 6193 5498 
7005 6180 5488 
6990 6168 5477 
6975 6155 5466 
6960 6143 5456 
6945 6131 5445 
6930 6118 5435 
6915 6106 5424 
6900 6094 5414 
6885 6081 5403 
6871 6069 5393 
6856 6057 5382 
6841 6045 5372^ 
6827 6033 536*- 
6812 6021 5351 


535* 477* 4260 
5341 4762 4252 
5330 4753 4244 
5320 4744 4236 
5310 4735 4228 
5300 4726 4220 
5289 4717 4212 
5279 4708 4204 
5269 4699 4196 
5259 4690 4188 
5249 4682 4180 
5239 4673 4172 
5229 4664 4164 
52*9 4655 4156 
5209 4646 4148 
5*99 4638 4*4* 
5189 4629 4133 
5179 4620 4125 
5169 4611 4117 

5*59 4603 4*09 
5*49 4594 4*02 
5*39 4585 4094 
5129 4577 40861 
5120 4568 4079 1 
5110 4559 4071 
5100 4551 4063 
5090 4542 405 s 
5081 4534 4048 
5071 4525 40401 
5061 4516 4032 
5051 4508 ^25 
5042 4499 4017 
5032 4491 4010 
5023 4482 4002 

50*3 4474 3994 
5003 4466 3987 

4994 4457 3979 

4984 4449 3972 

4975 4440 3964 
4965 4432 3957 
4956 4424 3949 
4947 44*5 394^ 
4937 4407 3934 
4928 4399 3927 
49*8 4390 39*9 
4909 4382 3912 
4900 4374 3905 
4890 4365 3897 
4881 4357 389<^ 
4872 4349 3882 

4863 4341 3875 

4853 4333 3868 

4S44 4324 3860 
4835 43*6 3853 
4826 4308 3846 
4817 4300 3838 
4808 4292 3831 
4798 4284 3824 
4789 4276 3817 
4780 42-68 3809 
4771 4260 3802 

7 « I 


3802 338S 
3795 338a 

3788 3375 
3780 3368 
3773 336a 
3766 3355 
3759 3349 
375^ 334a 
3745 3336 
3737 33^9 
3730 33a3 
37a3 3316 
37*6 3310 

3709 3303 

3702 3297 
3695 3291 
3688 3284 
3681 3278 
3674 3^7* 

3667 3265 
3660 3258 

3653 3^52 

3646 3246 
3639 3239 
3632 3233 
3625 3227 
3618 3220 
3611 3214 
3604 3208 
3597 3^0* 

3590 3*95 
3583 3*89 

3576 3*83 
3570 3*76 
3563 3*70 
3556 3*64 

3549 3*57 
3542 3*5* 
3535 3*45 
3529 3*39 
352a 3133 
35*5 3*26 
3508 3120 
350* 3114 
3495 3*08 
3488 3102 
3481 3096 
3475 3089 
3468 3083 
3461 3077 

3454 307* ’ 
3448 3065 
344* 3059 
3434 3053 
3428 3047 
3421 3041 
34*5 3034 
3408 3028 
3401 3022 
3395 30*6 
3388 3010! 
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TABLE 21 A 


LOGARITHMS FOR REDUCING DAILV VARIATIONS 


Min 

or 

1 Hours, Degrees, or Minutes 

1 Min. 

Sec. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

1 Sec. 

0 

3010 

2663 

2341 

2041 

1761 

1498 

1249 

1015 

0792 

0580 

0378 

0185 

HS 

1 

3C04 

2657 

2336 

2036 

1756 

*493 

1245 

1011 

0788 

0576 

0375 

0182 

1 

2 

2998 

2652 

2330 

2031 

1752 

1489 

1241 

1007 

0785 

0573 

0371 

0179 

2 

3 

2992 

2646 

2325 

2027 

*747 

1485 

1237 

1003 

0781 

0570 

0368 

0175 

3 

4 

2986 

2640 

2320 

2022 

*743 

1481 

*^33 

0999 

0777 

0566 

0365 

0172 

4 

T) 

2980 

^635 

2315 

2017 

1738 

1476 

1229 

0996 

0774 

0563 

0361 

0169 

5 

H 

2974 

2629 

2310 

2012 

*734 

1472 

1225 

0992 

0770 

0559 

0358 

0166 

6 

7 

2968 

2624 

2305 

ZO08 

1729 

1468 

1221 

0988 

0767 

0556 

0355 

0163 

7 

8 

2962 

2618 

2300 

2003 

1725 

1464 

1217 

0984 

0763 

0552 

0352 

0160 

8 

J) 

2956 

2613 

2295 

1998 

1720 

*459 

1213 

0980 

0759 

0549 

0348 

UfU 

9 

10 

2950 

2607 

2289 

1993 

1716 

*455 

1209 

0977 

0756 

0546 

034s 

0*53 

10 

11 

2944 

2602 

2284 

1988 

1711 

1451 

1205 

0973 

0753 

0542 

0342 

0150 

11 

12 

2938 

2596 

2279 

1984 

*707 

*447 

1201 

0969 

0749 

0539 

0339 

0*47 

12 

13 

2933 

2591 

2274 

1979 

1702 

*443 

**97 

0965 

0745 

0535 

0335 

0144 

13 

14 

2927 

2585 

2269 

1974 

1698 

1438 

**93 

0962 

0741 

0-532 

0332 

0141 

14 

Id 

2921 

2580 

2264 

1969 

1694 

*434 

1189 

0958 

0738 

0528 

0329 

0138 

15 

16 

2915 

aS 74 

2259 

1965 

1689 

1430 

1185 

0954 

0734 

05^5 

0326 

013s 

16 

17 

2909 

2569 

2254 

i960 

1685 

1426 

1181 

0950 

073* 

0522 

0322 

0132 

17 

18 

2903 

2564 

2249 

1955 

1680 

1422 

1178 

0947 

0727 

0518 

0319 

0128 

18 

10 

2897 

2558 

2244 

1950 

1676 

1417 

1174 

0943 

0724 

05*5 

0316 

0125 

10 

20 

2891 

^553 

2239 

1946 

1671 

* 4*3 

1170 

0939 

0720 

0511 

0313 

0122 

20 

21 

2885 

^547 

2234 

1941 

1667 

1409 

1166 

0935 

0716 

0508 

0309 

0119 

2) 

22 

2880 

2542 

2229 

1936 

1662 

1405 

116^ 

0932 

07*3 

0505 

0306 

0116 

22 

23 

2874 

2536 

2223 

1932 

1^8 

1401 

1158 

0928 

0709 

0501 

0303 

0113 

23 

24 

2868 

2531 

2218 

1927 

1654 

*397 

**54 

0924 

0706 

0498 

0300 

OIIO 

24 

25 

2862 

2526 

2213 

1922 

1649 

1392 

1150 

0920 

0702 

0495 

0296 

0107 

25 

26 

2856 

2520 

2208 

1917 

1645 

1388 

1146 

0917 

0699 

0491 

0293 

0104 

26 

27 

2850 

2515 

2203 

1913 

1640 

' 3*4 

1142 

0913 

0695 

0488 

0290 

0101 

27 

26 

2845 

2510 

2198 

1908 

1636 

1380 

1138 

0909 

0692 

0484 

0287 

0098 

28 

20 

2839 

2504 

2193 

1903 

1632 

1376 

**34 

0905 

0688 

0481 

0283 

0094 

20 

30 

»*33 

2499 

2188 

1899 

1627 

1372 

1130 

0902 

0685 

0478 

0280 

0091 

30 

31 

2827 

2493 

2183 

1894 

1623 

1368 

1126 

0898 

0681 

0474 

0277 

0088 

31 

32 

2821 

2488 

2178 

1889 

1618 

*363 

1123 

0895 

0677 

0471 

0274 

0085 

32 

33 

2816 

2483 

2173 

1885 

1614 

*359 

1 1119 

0891 

0674 

0468 

0271 

0082 

33 

34 

2810 

2477 

2168 

1880 

1610 

*355 

*115 

0887 

0670 

0464 

0267 

0079 

34 

35 

2804 

2472 

2163 

1875 

1605 

* 35 * 

nil 

0883 

0667 

0461 

0264 

0076 

35 

36 

2798 

2467 

2159 

1871 

1601 

1347 

1107 

0880 

0663 

0458 

0261 

0073 

36 

37 

^793 

2461 

2^54 

j866 

*597 

*343 

*103 

0876 

0660 

0454 

0258 

0070 

37 

38 

2787 

2456 

2149 

1862 

1592 

* 339 ! 

*099 

0872 

0656 

0451 

0255 

0067 

38 

3<> 

2781 

2451 

2144 

1857 

1588 

*335 1 

1095 

0868 

0653 

0447 

0251 

0064 

39 

40 

2775 

2445 

2139 

1852 

1584 

* 33 * ! 

1091 

0865 

0649 

0 

1 

0248 

0061 

40 

41 

2770 

2440 

^134 

1848 

*579 

1326 

1088 

0861 

0646 

044* 

0245 

0058 

41 

42 

2764 

2435 

2129 

1843 

*575 

1322 

1084 

0858 

0642 

0438 

0242 

0055 

42 

43 

^758, 

2430 

2124 

1838 

* 57 * 

1318 

1080 

0854 

0639 

0434 

0239 

0052 

43 

44 

^753 

2424 

2119 

1834 

1566 

1314 

1076 

0850 

063s 

043* 

0235 

0048 

44 

45 

3^747 

2419 

2114 

1829 

1562 

1310 

1072 

0846 

0632 

0427 

0232 

0045 

45 

46 

2741 

2414 

2109 

1825 

*558 

1306 

1068 

0843 

0628 

0424 

0229 

0042 

46 

47 

2736 

2409 

2104 

1820 

*553 

1302 

1064 

0839 

0625 

0421 

0226 

0039 

47 

48 

2730 

2403 

2099 

1S16 

*549 

1298 

1060 

0835 

0621 

0418 

0223 

0036 

48 

49 

2724 

2398 

2095 

i8ii 

*545 

1294 

*057 

0832 

0618 

0414 

0220 

0033 

49 

50 

2719 

2393 

2090 

1806 

*540 

1290 

*053 


0614 

0411 

0216 

EH 

50 

51 

2713 

2388 

2085 

1802 

*536 

1286 

1049 


0611 

0408 

0213 

0027 

51 

52 

2707 

2382 

2080 

1797 

1532 

1282 

1045 



0404 

0210 

0024 

52 

53 

2702 

2377 

2075 

1793 

1527 

1278 

1041 

0817 

0604 1 

0401 

0207 

0021 

53 

54 

2696 

2372 

2070 

1788 

*523 

1274 

1037 

0814 

0601 

0398 

0Z04 

0018 

54 

55 

2690 

2367 

2065 

1784 

* 5*9 

1270 

1034 

0810 

0597 

0394 

0201 

0015 

55 

56 

2^5 

2362 

2061 

1779 

* 5*5 

1265 

1030 

0806 

0594 

0391 

0197 

0012 

56 

67 

2679 

2356 

2056 

*774 

1510 

1261 

1026 

0803 

0590 

0388 

0*94 

0009 

57 

58 

2674 

2351 

2051 

1770 

1506 

1257 

1022 

0799 

05*7 

0384 

0191 

0006 

58 

69 

2668 

2346 

2046 

1765 

1502 

*»53 

1018 


05*3 

0381 

0188 

0003 

59 

60 

2663 

2341 

2041 

1761 1 

1498 

1249! 

Baai 


0580 

037* 

0185 

0000 

60 


12 

93 

14 I 

15 1 

16 f 

17 1 

m 

01 

^1 

21 

22 

23 










TABLE 22 


FOR REDUCING THE MOON’S DECLINATION 


Difference for 10“ 


10 '' 20 " 30 " 40 " 50 " 60 " 70 " 80 " 90 " 100 " 1 10 " 120 " 130 " 


o 710 14 
o 8 o 16 
o 9 o 18 
o 10 o 20 


o 12 o 24 
o 13 o 26 
o 14 o 28 
o 15 o 30 
o 16 o 32 
o 17 o 34 
o 18 o 36 
o 19 o 38 
O 20 O 40 
O 21 O 42 

O 22 O 44 

o 23 O 46 
o 24 O 48 
o 25 o 50 
o 26 o 52 
o 27 o 54 
o 28 o 56 
o 29 o 58 


o 3" O' 4" 

0608 
o 9 o 12 
O 12 o i6 
O 15 O 20 
o 18 o 24 
O 21 O 28 
o 24 o 32 
o 27 o 36 
o 30 o 40 

O 33 o 44 
o 36 o 48 
o 39 o 52 
o 42 o 56 
o 45 I o 
o 48 I 4 
o 51 I 8 
o 54 I 12 
o 57 I 16 



o 35 ■ I 10 
o 36 I 12 
o 37 * 14 
o 38 I 16 
O 39 I 18 
O 40 1 20 


I 3 I 24 
I 6 I 28 
I 9 1 32 
I 12 I 36 
I 15 I 40 
I 18 I 44 
1 21 I 48 
I 24 I 52 
I 27 I 56 
I 30 2 o 


I 33 2 4 
I 36 2 8 

I 39 2 12 
I 42 2 16 
I 45 2 20 
I 48 2 24 
I 51 2 28 
I 54 2 32 

1 57 2 36 

2 o 2 40 

a 3 ^ 44 
2 6 2 48 

2 9 2 52 


' o' 8" o' 9" 
. o 16 o 18 
o 24 o 27 
o 32 o 36 
o 40 o 45 
o 48 o 54 

0 56 I 3 

1 4 I 12 

I 12 I 21 
1 20 I 30 
1 28 I 39 
I 36 I 48 
I 44 I 57 

1 52 2 6 

2 o 2 15 

2 8 2 24 

2 16 2 33 
2 24 2 42 
2 32 2 51 
2 40 3 o 

■ 2 48 ' r ~9 

2 56 3 18 

3 4 3 27 

3 12 3 36 
3 20 3 45 

3 ^8 3 54 

3 36 4 3 
3 44 4 12 

3 52 4 21 

4 o 4 30 


4 8 4 39 
4 16 4 48 
4 24 4 57 

4 3^ 5 6 

4 40 5 15 
4 48 5 24 

4 56 5 33 

5 4 5 47' 

5 5 51 


5 36 6 18 
5 44 6 27 

5 52 6 36 
6064? 

6 8 6 54. 

6 16 7 3 


o' 12" o' 13' 
o 24 0 26 








TABLE 22 


FOR REDUCING THE MOON’S DECLINATION 


DiAsience for 10" 


140" 160" 160" I 170" 1" I 2" r 4" 6" 6" 7" 8" 9" 10" 



















TABLE 23 


TABLE 24 


ACCELERATION 



54 g-87 


n 

M S 

M 

1 

o 9-83 

1 

2 

0 19*66 

2 

3 

0 29*49 

3 

4 

0 39*32 

4 

5 

0 49*15 

5 


0 58*98 

r> 

7 

I 8*81 

7 

8 

I 18*64 

8 

i) 

1 28*47 

9 

10 

I 38-30 

10 

11 

I 48*13 

if 

12 

* 57*95 

12 

13 

2 7*78 

13 

14 

2 17*61 

14 

15 

2 27*44 

15 

10 

2 37*27 

16 

17 

2 47*10 

17 

18 

2 56*93 

18 

10 

3 6*76 

19 

20 

3 16*59 

20 

21" 

3 26*42 

21 

22 

3 36-25 

22 

23 

3 46*08 

23 

24 

3 55*91 

24 



25 



26 



27 


11 

•03 

12 

*03 

13 

*04 

14 

*04 

15 

•04 

16 

*04 

17 

•05 

18 

•05 

19 

•05 

20 

*05 

21 

•06 

22 

•06 

23 

*06 

24 

•07 

25 

*07 

26 

*07 

27 

•07 

28 

*08 

29 

•08 

30 

•08 

31 

•08 

32 

•09 

33 

*09 

34 

*09 

35 

*10 

36 

*10 

37 

*10 

38 

•II 

39 

*II 

40 

*11 

41 

•11 

42 

*IZ 

43 

•12 

44 

*12 

45 

• 12 

46 

•>3 

47 

•*3 

48 

*13 

49 

-14 

50 


51 

•14 

52 

•>4 

53 

•'5 

54 ; 

1 *>5 

55 

*>5 

56 1 

•>5 
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TABLE 25 


— 1 

FDR FINDING THE EQUATION OF SECOND DIFFERENCES j 


1 Tabular Interval 

Multi. 

Logarit, 

1 24 riour.s 

1 12 flours 

1 3 Flours 

1 Hour 

plier. 

Oh 12" 

23h48“ 

0“ 6" 

! 11 '‘54" 

O'* 1"*5 

2h58">-f 



•0041 

7*61615 

0 24 

23 36 

0 12 

11 48 

0 3 

2 57 

1“ 

59" 

*0082 

7-91352 

0 36 

23 24 

0 18 

11 42 

0 4-5 

2 55*5 



*0122 

8-08591 

0 48 

23 12 

0 24 

11 36 

0 6 

2 54 

2 

58 

*0161 

8*20713 

1 0 

23 0 

0 30 

11 30 

0 7*5 

2 52-5 



*0200 

8*30028 

1 12 

22 48 

0 36 

11 24 

0 9 

2 51 

3 

57 

•0238 

8*37566 

1 24 

22 36 

0 42 

11 18 

0 10-5 

2 49-5 



•0275 

8*43878 

1 36 

22 24 

0 48 

11 12 

0 12 

2 48 

4 

56 

*0311 

8-49292 

1 48 

22 12 

0 54 

11 6 

0 13 5 

2 46-5 



•0347 

8*54017 

2 0 

22 0 

1 0 

11 0 

0 15 

2 45 

5 

55 

•0382 

8*58200 

2 12 

21 48 

1 6 

10 54 

0 165 

2 43-5 



•0416 

8*61043 

2 24 

21 36 

1 12 

10 48 

0 18 

2 42 

6 

54 

•0450 

8*65321 

2 36 

21 24 

1 18 

10 42 

0 19*5 

2 40*5 



•0483 

8-68393 

2 48 

21 12 

1 24 

10 36 

0 21 

2 39 

7 

63 

•0515 

8*71204 

3 0 

21 0 

1 30 

10 30 

0 22-5 

2 37*5 



•0547 

8.73789 

3 12 

21 48 

1 36 

10 24 

0 24 

2 36 

8 

52 

•0578 

8*76176 

3 24 

20 36 

1 42 

10 18 

0 25 5 

2 34-5 



‘0608 

8*78380 

3 36 

20 24 

1 48 

10 12 

0 27 

2 33 

9 

51 

•0637 

8*80448 

3 48 

20 12 

1 64 

10 6 

0 28 -5 

2 31-6 



*0666 

8*82368 

4 0 

20 0 

2 0 

10 0 

0 3t) 

2 30 

10 

50 

*0694 

8* 84164 

4 12 

11) 48 

2 6 

9 54 

0 31 5 

2 28*6 



*0722 

8*85846 

4 24 

19 36 

2 12 

9 48 

0 33 

2 27 

11 

49 

•0749 

8-87426 

4 36 

19 24 

2 18 

9 42 

0 34 5 

2 25*6 



■<^775 

8-88911 

4 48 

19 12 

2 24 

9 36 

0 3»> 

2 24 

12 

48 

•0800 

8*00300 

5 0 

19 0 

2 30 

9 30 

0 37*5 

2 22*5 



*0825 

8 91627 

5 12 

18 48 

2 36 

9 24 

0 39 

2 21 

13 

47 

•0849 

8*92871 

5 24 

18 36 

2 42 

9 18 

0 40*5 

2 19*5 



•0872 

8-94045 

f) 36 

18 24 

2 48 

9 12 

0 42 

2 18 

14 

46 

’0804 

8-95195 

5 48 

18 12 

2 54 

9 6 

0 43 5 

2 10-5 



•0916 

8*96205 

6 0 

18 0 

3 0 

9 0 

0 45 

2 15 

15 

45 

■0937 

8-97197 

6 12 

17 48 

3 6 

8 54 

0 46-5 

2 13-5 



•0958 

8-98136 

6 24 

17 36 

3 12 

8 48 

0 48 

2 12 

16 

44 

’0978 

8*99024 

6 36 

17 24 

3 18 

8 42 

0 49*5 

2 10-6 



•0997 

8-99864 

6 48 

17 12 

3 24 

8 36 

0 51 

2 9 

17 

43 

•1015 

9*00658 

7 0 

17 0 

3 30 

8 30 

0 52*5 

2 7*5 



•1033 

9*01409 

7 12 

16 48 

! 3 36 

8 24 

0 54 

2 6 

18 

42 

•1050 

9-02119 

7 24 

16 36 

3 42 

8 18 

0 55*5 

2 4*5 



•1066 

9*02789 

7 36 

16 24 

3 48 

8 12 

0 57 

2 3 

19 

41 

•1082 

9*03421 

7.48 

16 12 

3 54 

8 6 

0 58*5 

2 1-5 



•1097 

9-04016 

8 0 

16 0 

4 0 

8 0 

1 0 

2 0 

20 

40 

•III! 

9*04576 

8 12 

15 48 

4 6 

7 54 

1 1-5 

1 68-5 



■1125 

9*05102 

8 24 

15 36 

4 12 

7 48 

1 3 

1 57 

21 

39 

•1138 

9*05595 

8 36 

15 24 

4 18 

7 42 

1 4-5 

I 55'5 



•1150 

9*06057 

8 48 

15 12 

4 24 

7 36 

1 6 

1 54 

22 

38 

*ii6i 

9*06487 

!) 0 

15 0 

4 30 

7 30 

1 7-5 

1 52*6 



•1172 

9*06888 

9 12 

14 48 

4 36 

7 24 

1 9 

1 51 

23 

37 

'1182 

9*07260 

9 24 

14 36 

4 42 

7 18 

1 10-5 

1 49*6 



•1191 

9*07603 

9 36 

14 24 

4 48 

7 12 

1 12 

1 48 

24 

36 

•1200 

9*07918 

9 48 

14 12 

4 54 

7 6 

1 13-5 

1 46-5 



•1208 

9*08206 

10 0 

14 0 

5 0 

7 0 

1 15 

1 45 

26 

35 

*1215 

9*08468 

10 12 

13 48 

5 6 

6 54 

1 16 5 

1 43 5 



‘1222 

9*08703 

10 24 

13 36 

5 12 

6 48 

1 18 

1 42 

26 

34 

•1228 

9*08912 

10 36 

13 24 

6 18 

6 42 

1 19-5 

1 40*5 



•1233 

9*09096 

10 48 

13 12 

5 24 

6 36 

1 21 

1 39 

27 

33 

•1237 

9*09255 

11 0 

13 0 

5 30 

6 30 

1 22-6 

1 37*6 



*1241 

9*09388 

11 12 

12 48 

6 36 

6 24 

1 24 

1 36 

28 

32 

•1*44 

9-09498 

ri 24 

12 36 

5 42 

6 18 

1 25-5 

1 34*6 



•1247 

9*09582 

11 36 

12 24 

5 48 

6 12 

1 27 

1 33 

29 

31 

•1249 

9*09643 

11 48 

12 12 

5 54 

6 6 

1 28’5 

1 31*5 



•1250 

9*09679 

12 0 

12 0 

6 0 

6 0 

1 30 

1 30 

30 

30 

•1250 

9*09691 




TABLE 26 


615 


APPARENT TIME OF THE SUN’S RISING AND SETTING 


6 o 5 56 
60 5 56 

60 5 56 

60 5 56 


66 

66^1 6 o 


6 o 5 54 
6 o 5 54 
6 o 5 54 
6 o 5 53 
6 o 5 53 
60 5 52 


5 50 
5 50 
5 50 
5 49 
5 49 
5 49 
5 48 
5 48 
5 47 
5 47 
5 46 
5 46 
5 45 
5 44 
5 44 
5 43 
,5 4^ 
6 o I 5 42 


6h Qin 5I1 o"! 

6 o I 6 o 
5 59 6 I 
58 6 2 

5 57 6 3 

5 56 6 4 

5 55 6 5 

5 54 6 6 

5 53 6 7 

5 5^ 6 8 

5 51 6 9 

5 5* 6 9 

5 50 6 10 
5 50 6 ic 

5 49 6 II 

5 49 6 II 

5 48 6 12 
5 48 6 12 

5 47 6 13 
5 47 6 13 
5 46 6 14 
5 46 6 14 
5 45 6 IS 
5 44 6 16 
5 44 6 16 
5 43 6 17 
5 42 6 18 


5I1 Qin 5h qh 


3 3* - y 

5 50 6 10 


5 48 6 12 
5 48 6 12 

5 47 6 13 
5 46 6 14 
5 46 6 14 
5 45 6 15 
5 44 6 16 
5 44 6 16 

5 43 6 17 
5 42 6 18 
5 41 6 19 
5 41 6 19 
5 40 6 20 
5 39 6 21 
5 38 6 22 
5 37 6 23 
5 37 6 23 
5 36 6 24 


5 41 6 19 5 35 6 25 

S 40 6 20 5 34 6 26 

5 40 6 20 5 33 6 27 



5 38 6 22 
5 38 6 22 
5 37 6 23 
5 36 6 24 
5 35 6 2S 
5 34 6 26 
5 33 6 27 
S 32 6 28 
5 31 6 29 
5 30 6 30 
5 29 6 31 
5 28 6 32 
5 27 6 33 
5 25 6 35 
5 24 6 36 
5 23 6 37 
521 6 59 
5 20 6 40 


5 18 6 42 
5 16 6 44 
5 14 6 46 
5 12 6 48 
5 10 6 50 


5 31 6 29 
S 30 6 30 
5 29 6 31 
5 28 6 32 
5 ^7 6 33 
5 25 6 35 
5 24 6 36 
S 23 6 37 


5 21 6 39 
S 20 6 40 
5 19 6 41 
5 17 6 43 
5 15 6 45 
5 14 6 46 
5 12 6 48 
5 10 6 50 


5 4 ^ 5«> 
5 I 6 59 
4 59 7 I 
4 56 7 4 
4 53 7 7 

4 50 7 10 
4 46 7 13 
4 44 7 16 


5 47 6 13 

5 46 6 14 
5 45 6 '5 
5 45 6 >5 

5 44 6 16 

5 43 6 17 
5 42 6 18 
5 41 6 19 
5 41 6 19 
5 40 6 20 


5 39 6 21 
5 38 6 22 
5 37 6 23 
5 36 6 24 
5 35 6 25 
5 35 6 25 
5 34 6 26 
5 33 6 27 
5 32 6 29 
5 31 6 29 


5 29 6 31 


5 26 6 34 
25 6 
24 6 
22 6 

5 21 6 39 
5 19 6 41 


5 15 6 45 
5 13 6 47 
5 II 6 49 
5 10 6 50 

- o /r 


5h Qlll 5*1 QlII 

5 59 6 1 

5 57 6 3 

5 5^ o 4 
5 55 5 5 

5 53 6 7 

5 52 6 9 
5 51 6 10 
5 48 6 12 

5 47 6 13 


5 45 6 IS 
5 44 6 16 
5 44 6 16 
5 43 6 17 
5 42 6 18 
5 41 6 19 
5 4c 6 20 
5 39 ^ 

S 38 6 22 
5 38 6 22 


5 37 6 23 
S 36 6 24 
5 35 6 25 
S 34 6 26 
5 33 6 ^7 
S 32 6 28 
5 31 6 29 
c 29 6 31 
5 28 6 321 


5 22 6 38 
5 21 6 39 
5 19 6 41 
5 iS 6 42 
5 16 6 44 

5 15 6 45 

5 13 6 47 


5 1 1 I 6 49 
5 10 I 6 50 



4 4 49 7 II 
6 4 46 7 14 
914 43 7 17 
4 39 7 ai 
4 35 7 »5 
4 31 7 29 
4 27 7 33 

4 24 7 36 


Lat I Sett. Ris. I Sett, Ris. I Sett. Ris. I Sett. Ris. I Sett. Ris. I Sett. 1 Ris. I Sett. Ris. 


Latitude anc. Declination of contrary Names 


























TABLE 26 


APPARENT TIMES OP THE SUN’S RISING AND SETTING 


gh 0® 

gh Qin 

5 59 

6 I 

5 57 

6 3 

5 5616 4 


5 50 6 II 
5 47 6 13 
5 46 6 14 
5 44 6 16 

5 43 6 17 
5 42 6 18 
5 41 6 19 
5 40 6 20 
c *10 6 21 
5 38 6 22 
5 37 6 23 
5 36 6 24 
S 35 6 25 
5 34 6 26 

5 33 6 27 
5 32 6 28 
5 31 6 29 
5 30 6 30 
^29 6 31 
5 28 6 32 
5 26 6 34 
5 25 6 35 
5 24 6 36 


5 22 6 38 - -r* 

5 21 6 39 5 17 6 43 


gh qIM gh qH 

5 58 6 I 

S 57 6 3 
S 55 6 5 

5 53 6 8 

5 52 6 9 

5 50 6 10 
5 48 6 12 
5 46 6 T4 
5 44 6 16 
5 42 6 18 


-I 

5 38 6 22 
5 37 6 23 
5 36 6 24 
5 35 6 25 

5 34 6 26 
5 33 6 27 
5 32 6 28 
5 31 6 29 
5 29 6 31 
5 28 6 32 
5 27 6 33 
5 26 6 34 
5 24 6 36 
5 23 6 37 
5 22 6 38 
5 20 6 40 
5 19 6 41 


5 18 

6 

42 

5 


6 46 

5 *7 

6 

43 


6 

47 

5 15 

b 

45 

5 

j I 

6 

49 

5 14 

6 46 

5 

9 

6 

51 

5 12 

6 4X 

5 

7 

b 

53 

5 *0 

6 

50 

5 

- 

3 

6 

55 

5 8 

6 

52 

5 

3 

6 

57 

5 6 

6 

54 

5 

I 

6 

59 

5 4 

6 56 

4 

59 

7 

I 

5 2 

6 58 

4 

57 

7 

3 

5 0 

7 

0 

4 

54 

7 

6 

4 58 

7 

2 

4 

52 

7 

8 

4 56 

7 

4 

4 49 

7 

II 

4 S3 

7 

7 

4 47 

7 

>3 

4 50 

7 

10 

4 44 

7 

16 

4 47 

7 

13 

4 40 

7 

20 

4 44 

7 

16 

4 

37' 

-L 

23 

4 41 

7 

19 

4 

34 

7 

26 

4 38 

7 

22 

4 

30 

,7 

30 

4 34 

7 

26 

4 

26 

I7 

34 

4 30 

7 

30 

4 

21 

7 

39 

4 26 

7 

34 

4 

17 

7 

43 

4 21 

7*39 

4 

12 

7 48 

4 18 

7 


4 

6 

7 

54 

4 14 

7 4^ 

4 

3 

7 

57 

. Sett. 

Kis. 

Sett. 

Ris. 


6 19 5 39 

6 20 5 38 
6 21 5 37 
6 22 5 36 
6 24 5 34 
6 25 5 33 
6 26 5 32 
6 27 5 31 
6 28 5 30 
6 29 5 28 
63* 5 27 
6 32 5 26 
<^ 33 5 24 
6 34 5 23 I 
6 36 5 21 
6 37 5 20 
6 39 5 18 
6 40 5 17 
6 42 5 15 
6 43 5 13 


6 21 
6 22 

6 23 5 35 
6 24 5 34 
6 26 5 33 
6 27 5 31 
6 28 5 30 
6 29 5 29 
6 30 5 27 
6 32 5 26 
33 5 24 
6 34 5 23 
6 36 5 21 
6 37 5 20 
6 39 5 18 
6 40 5 17 
6 42 515 
6 43 5 ^ 3 
6 45 5 12 
6 47 5 10 


5 32 6 2S 
5 31 6 25 
5 29 6 31 


5 34 

6 26 

5 33 

6 27 

5 32 

6 28 

5 30 

6 30 

5 29 

6 31 

5 27 

6 33 

5 26 

6 34 

5 24 

6 36 

5 23 

6 37 

5 21 

6 39 


3 12 6 48 
5 10 6 50 
5 8 6 52 




S I 

6 59 

4 58 

7 2 

4 56 

7 4 

4 54 

7 6 

4 51 

7 9 

4 49 

7 ” 

4 46 

7 HI 

4 43 

7 17 

4 41 

7 *9 

4 38 

7 22 


4 26 

7 34 

4 18 

4 22 

7 38 

4 *3 

4 17 

7 43 

4 8 

4 12 

7 48 

4 3 

4 7 

7 S3 

3 57 

4 * 

7 59 

3 5* 

3 55 

8 5 

3 44 

3 5» 

tm 

3 40 

Sett. 

1 Ris. 

Sett. 


7 14 
7 n 
7 20 
7 23 
7 27 
7 30 
7 34 
7 37 
7 42 
7 46 l4 6|7 54 


7 51 4 I 7 59 

7 56 3 55 8 5 

8 I 3 49 8 11 

8 7 3 43 8 >7 

8 13 3 36 8 24 

I 8 20 3 28 8 32 

8 28 3 20 8 40 

Is 31 3 15 a 45 



3 46 8 14 
3 40 8 20 

3 33 8 27 

3 25 8 35 
3 16 8 44 
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APPARENT T(ME OF THE SUN’S RISING AND SETTING 


Declikatiok, of the same Name as the Latitude 



20 ° 

Ris. I Sett. 


5 33 6 27 

5 3* 6 29 

5 30 6 30 

5 28 6 32 5 26 ' 

5 27 6 33 5 25 

5 25 6 35 s 23 

5 24 6 36 5 21 

5 22 6 38 5 20 

5 20 6 40 5 18 

5 18 6 42 5 i6 


5 ^7 ^ 43 5 14 
5 15 6 45 5 12 
5 13 6 47 5 10 

5 II 6 49 5 8 

5 9 6 51 S 6 

5 7 6 53 5 4 

5 5 6 55 5 21 

5 3 6 58 5 o 

5 I 6 59 4 5g 

4 59 7 I 4 55 

U 57 7 3 4 53 

4 54 7 6 4 50 

4 52 7 8 4 48 

4 49 7 ” 4 45 

4 47 I 7 13 4 4^ 

4 44 ' 7 4 39 

4 41 1 7 19 4 36 ■ 

4 38 7 4 33 

4 35 7 as 4 30 

4 32 7 28 4 27 


I 6 27 
6 30 5 28 
6 32 5 26 
6 34 5 24 
6 36 5 22 
6 37 5 21 
6 39 5 19 
6 41 5 17 
6 43 5 IS 


Ris. 

Sett. 

6** 0® 
5 57 

■ 

5 54 

6 6 

5 51 

6 9 

5 47 

6 12 

5 44 

6 16 


5 37 
5 33 
5 30 


6 32 5 26 
6 34 5 24 
6 36 5 22 
6 38 5 21 

6 39 5 19 
6 41 5 17 
6 43 5 15 
6 45 5 12 
6 47 5 10 


5 9 

6 5i| 

5 7 

6 53 

5 4 

6 56 

5 2 

6 58 

5 0 

7 0 

4 58 

7 2 

4 55 

7 5 

4 53 

7 7 

4 50 

7 10 

4 _^8 ! 

7 12 

4 45] 

7 15 

4 42 

7 18 

4 39; 

7 21 


7 31 4 23 
7 35 4 19 
7 3« 415 
7 42 411 
7 46 4 7 
7 51 4 2 


8 5 3 46 

8 ii 3 40 

8 17 3 34 
8 24 3 26 
831 3 18 
8 38 3 10 
8 47 3 o 

8 57 2 50 

9 7 a 37 

9 14 2 30 


7 15 4 41 7 19 4 36 
7 18 4 38 ' 7 22 4 33 
7 21 4 35 7 25 4 30 

7 24 4 31 7 29 4 26 

7 27 4 28 7 32 4 23 

7 30 4 25 7 35 4 19 

7 *^3 4 21 I 7 39 4 IS 

7 37 4 17 7 43 4 II 

7 41 4 13 7 47 4 7 

7 45 4 9 7 SI 4 2 

7 49 4 4 7 56 3 5''^ 


3 49 8 11 
3 44 8 16 
3 38 8 22 
3 31 8 29 
3 24 8 36 
3 16 8 44 
3 7 8 S3 
2 58 9 2 

2 47 9 13 
2 35 9 25 
2 21 9 39 
2 12 9 48 



6 45 s 12 
6 48 5 10 
6 50 5 8 

6 52 5 6 

6 54 5 3 
6 56 5 I 
6 58 4 59 


6'‘ 0" 

1 6** 0“ 

5 57 

6 3 

5 53 

6 7 

5 50 

6 10 

5 47 

6 13 

5 43 

6 17 

5 40 

6 21 

5 36 

6 24 

5 3a 

6 28 

5 28 

6 32 

5 24 

6 36 

5 22 

6 38 

5 21 

6 39 

5 19 

6 41 

5 16 

6 44 

5 14 

6 46 


5 57 

6 3 

5 53 

6 7 

5 50 

6 10 

5 46 

6 14 

5 43 

6 17 

5 39 

6 21 


. 5 II 

6 50 5 9 

6 52 5 7 

6 54 S 4 
6 57 5 2 

6 59 5 o 

7 I 4 57 


7 II 4 45 
7 14 4 43 
7 16 4 40 


7 12 4 46 
7 15 4 44 
7 17 4 41 
7 20 4 38 
7 23 4 35 ■ 
7 27 4 31 
7 30 4 28 
7 33 4 24 
7 37 4 21 
7 40 4 17 
7 44 4 13 
7 48 4 9 

7 53 4 Si 

7 57 4 o 
« a 3 55 

8 6 3 50 

8 12 3 45 
8 17 3 39 
8 23 3 33 
8 29 3 27 
8 36 3 20 
8 43 3 12 

8 51 3 4 

9 o 2 55 



2 45 

9 

15 

2 34 1 

9 

26 

2 21 1 

9 

39 
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TABLE 27 


















TABLE 27 A 
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CORRECTION OF THE TIMES IN TABLE 27 FOR THE DAY OF THE MONTH, 

To be Subtracted. 

1 

1 Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

o 

3 

qH qIII 

qH Qin 

qB qHI 

0*1 0® 

0“ 0“ 

oil 0“ 

qB 0™ 

oh 0™ 

©h ©■ 

©h 0“ 

oh 0® 

2 

o 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

3 

o 9 

0 8 

0 7 

0 7 

0 8 

0 8 

0 8 

0 8 

0 7 

0 7 

0 8 

0 9 

4 

o 13 

0 12 

0 II 

0 II 

0 II 

0 12 

0 12 

0 12 

0 II 

0 II 

0 12 

0 13 

? 

0 li 

0 16 

0 15 

0 15 

0 15‘s 

0 16 

0 j6 

0 15 

0 14 

0 15 

0 16 

0 17 

6 

0 22 

0 20 

0 19 

0 18 

0 19 

0 21 

0 21 

0 19 

0 18 

0 18 

0 20 

0 22 

7 

0 26 

0 24 

0 22 

0 22 

0 23 

0 25 

0 25 

0 23 

0 22 

0 

0 24 

0 26 

8 

0 30 

0 28 

0 26 

0 26 

0 27 

0 29 

0 29 

0 27 

0 25 

0 25 

0 28 

0 30 

9 

0 35 

0 32 

c 30 

0 29 

0 

0 

0 33 

0 33 

0 31 

0 29 

0 29 

0 32 

0 35 

10 

0 39 

0 36 

0 33 

0 33 

0 35 

0 37 

^ 37 

0 35 

0 32 

0 33 

0 36 

0 39 

11 

0 43 

0 40 

0 37 

0 36 

0 39 

0 41 

0 41 

0 38 

0 36 

0 37 

0 40 

0 44 

12 

0 48 

0 44 

0 41 

0 40 

0 42 

0 45 

0 45 

0 42 

0 40 

0 40 

0 44 

0 48 

13 

0 52 

0 48 

0 44 

0 44 

0 46 

0 49 

0 49 

0 46 

0 43 

0 44 

0 48 

0 52 

14 

0 56 

0 52 

0 48 

0 48 

0 50 

0 54 

0 53 

0 50 

0 47 

0 48 

0 52 

0 57 

Id 

I I 

0 56 

0 52 

0 51 

0 54 

0 58 

0 57 

0 53 

0 50 

0 51 

0 56 

I I 

16 

I 5 

1 0 

0 55 

0 55 

0 58 

1 2 

I I 

0 57 

0 54 

0 55 

I 0 

I 6 

17 

I 9 

I 3 

0 59 

0 59 

1 2 

I 6 

> 5 

1 I 

0 58 

0 59 

* 4 

1 10 

18 

I 13 

I 7 

1 2 

I 2 

I 6 

I 10 

I 9 

I 5 

I I 

^ 3 

> 9 

> *5 

19 

I 18 

I II 

1 6 

I 6 

I 10 

I 14 

I 13 

I 8 

I 5 

I 6 

i * 13 

I 19 

20 

T 22 

* 15 

1 TO 

I 10 

I 14 

I 19 

I 17 

I 12 

I 8 

I 10 

1 17 

I 24 

21 

1 26 

1 19 j 

« «4 

‘ '3 

I 18 

1 23 

I 21 1 

1 16 ; 

I 12 

1 14 

1 I 21 

I 28 

22 

I 31 1 

1 23 ! 

I 

I 17 

I 22 

I 27 

I 25 

I 19 

I 16 

I iS 

j 25 

I 32 

23 

J 35 

I 26 

I 21 

I 21 

I 26 

I 31 

I 29 

1 23 

I 19 

I 21 

J 30 

* 37 

24 

* 39 

I 30 

I 24 

I 25 

I 30 

> 35 

> 33 

I 27 

I 23 

1 25 

I 34 

I 41 

25 

I 43 

* 34 

I 28 

I 28 

’ 34 

1 39 

I 37 

^ 3 ^ 

I 26 

I 29 

1 38 

I 46 

26 

I 47 

1 38 

1 32 

I 32 

I 38 

I 44 

I 41 

I 34 

1 30 

I 33 

1 42 

* S'' 

27 

I 51 

I 42 

I 35 

I 36 

I 42 

I 48 

I 45 

I 38 

I 34 

1 37 

» 47 

* 55 

28 

I 56 

I 45 

I 39 

I 40 

1 46 

I 52 

I 49 

I 42 

I 37 

I 41 

» 51 

* 59 

29 

2 0 


I 43 

I 44 

* 50 

I 56 

I 53 

I 45 

I 41 

I 44 

> 55 

» 3 

30 

2 4 


1 46 

I 47 

I 55 

2 0 

I 57 

I 49 

I 44 

I 48 

> 59 

2 8 

31 

2 8 


* 50 


1 59 


2 I 

I 52 


I 52 


2 12 


TABLE 28 
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TABLE 29 


HOUR ANGLE AND ALTITUDE OF A BODY UPON THE PRIME VERTICAL 


46 48*6 
33 36-9 
o 30-0 
19 25-4 
32 221 

43 ^9’5 

51 17-3 



c* 

? 53*2 

I 41-8 2 15 56*4 
34-9 2 58 45*7 
30*1 3 26 38*6 
26*5 3 46 33*8 
23-7 4 I 30-1 
21-6 4 13 27*2 
i 9’6 4 23 24*8 
i8*i 4 31 22-8 
i6*8 4 38 21*1 
15*6 4 44 19-7 

14*7 4 49 i 8*4 

13*8 4 53 17-3 
13*1 4 58 16 4 

12-4 5 1 15-5 

1 1*8 5 4 14*8 

11*2 5 7 14*1 

io‘7 5 10 13-4 
10*3 5 12 12-8 
9*8 5 15 12-4 
9 5 5 17 i*‘9 
9-1 5 T9 11-5 
8*8 5 20 ii‘i 
8*5 5 22 10*7 
8*2 5 24 10*3 
8*0 5 25 |io‘o 





40 7*1 

41 7*0 


43 6-6 
43 6*5 



50 3-» 5 47 

51 3*8 5 47 

51 3*8 s 48 

51 3*7 5 48 
Sa 3*7 5 49 
5^ 3*6 5 49 

52 3*6 5 50 

Sa 3*5 5 SO 

53 3‘S S SO 
S3 3’S S SI 
53 3*4 5 SI 



3 23 29-7 

3 39 35‘9 

3 51 32*8 

4 2 30*2 

4 11 28*1 
4 19 25-2 
4 25 24*6 
4 31 ^3^2 
4 36 22*0 
4 41 20*8 
T4F 198 
4 49 19 0 
4 S3 i 8-2 
4 5^ 17-4 

4 59 i6*8 

5 2 i6*i 

5 4 15*5 
5 7 iS'o 
5 9 146 
S II 14*1 
5 13 13*7 
5 15 i3'3 
5 16 12*9 
5 18 I2'6 
5 20 12*3 
5 21 12*0 
5 22 11*7 
5 514 11*4 
5 25 11*2 
5 26 10*9 


5 28 10-7 
5 29 10*5 
S 30 10-3 
5 31 10*1 
5 32 9*9 
5 33 9’7 
5 34 9*6 
S 35 9*4 
5 35 9’3 
5 36 9*1 


5 37 9*0 
5 38 8*9 
S 39 8-8 
5 40 8-6 
5 40 8*5 
5 41 8*4 
S 4a 8*3 
5 4a 8*3 
5 43 8*2 
5 44 8-1 
5 44 8-0 


2 55 46*8 

3 14 4’a*o 
3 30 38*2 
3 43 35*1 

3 S3 3a-5 

4 3 30*3 
4 10 28*4 
4 17 26*8 
4 a4 25*3 
4 29 24*0 

4 35 

4 39 ai*8 
4 43 20*8 
4 46 20*0 

4 50 19*2 
4 53 i 8‘5 
4 56 17*8 

4 59 17*2, 

5 I 1671 

5 4 i 6*2 


5 6 15-7 

5 8 15*2 
5 10 14*8 
5 la 14-4 
5 14 14*0 
5 15 13 7 
S 17 13*4 
5 19 13*1 

5 20 12*8 



5 39 9*5 
5 40 9*4 
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HOUR ANGLE AND ALTITUDE OF A BODY UPON THE PRIME VERTICAL 


H. A|AIt.|H. A.lAlt. 


5 58 1*1 5 56 2-2 5 54 3*3 

5 58 ri 5 56 2*2 5 54 3*3 

5 58 i*i|s 56 2-2 5 55 3*3 

5 57 2-2 5 55 3 2 

5 57 2-1 5 55 3-2 

5 57 2*1 5 55 3-2 

5 57 2-1 5 56 3-2 


1 35 66*6 

2 II 58*0 
2 35 52*1 

2 54 47*5 

3 9 43*8 
3 22 40*7 
3 33 38*1 
3 43 35*8 
3 51 33‘9 


3 58 32-2 

4 530*6 


4 21 26-8 
4 26 25-8 
4 30 24^8 
4 34 24*0 
4 38 23-2 
4 4^ ^^*4 
4 44 2**7 
4 47 21*1 
4 50 ^o’S 
4 53 *9*9 
4 56 *9’4 

4 58 i 8*9 

5 o *8*5 
5 3 *8-6 
5 4 *8*5 
5 6 17*3 


5 8 i 6*9 
5 10 i6'6 
5 12 i6‘2 
5 14 *5*9 
5 *5 *5*7 
5 *7 *5*4 
5 18 151 
5 20 14*8 
5 21 i4’6 
5 22 14-4 


H. A. Alt. H. A. 





2 40 

65*5 

2 16 

56-6 

2 41 

50*5 

3 0 

45*9 

3 1642** 

3 28 

39*1 

3 39 

36*4 

3 49 

34*2 

3 57 

32*2 

4 4|3°-S 

4 ** 

29*0 

4 16 

27*3 

4 22 

26*4 

4 27 

257 

4 3* 

24*3 

4 35 

237 

4 39 

22*5 

4 43 

217 

4 46 

21*0 

4 49 

207 

4 52 

*9*7 

4 54 

191 

4 57 

i8*6 

4 59 

i8*i 

5 ^ 

17*6 

5 4 

17*2 

5 6 

i6*8 

5 8 

16*4 

5 *0 

i6*o 

5 " 

*5*7 

5 *3 

*5*3 

5 *5 

*5*2 

5 16 

147 

5 *8 

*4*5 

5 *9 

14*2 

5 a* 

14*0 

5 22 

*3*7 

5 ^3 

13*5 

5 ^5 

*3*3 

5 26 

*3*2 

5 27 

12*9 

5 ^8 

12*7 

5 *9 

12*6 

5 31 

12*4 

5 32 

12*2 

5 33 

12*1 

5 34 

*1*9 

5 35 

11*8 


1 32 67*5 

2 6 59*2 

2 30 53*4 

2 49 49*0 

3 4 45*3 
3 17 42*3 
3 28 39*7 
3 37 37*4 
3 46 35*5 

3 53 33*7 

4 o 32*1 
4 6 30-7 
4 12 29-5 
4 *7 28-3 
4 21 27*2 
4 26 26*3 
4 30 25*4 

±JA 

4 37 23-8 
4 40 ^3** 
4 44 22'4 
4 47 21-8 
4 49 21-2 
4 52 20-7 
4 54 20*2 
4 57 19*7 

4 59 *9*3 

5 I 18 8 

TT^ 

5 5 *8*1 
5 7 *7*7 

5 9 *7*4 
5 II 171 
5 13 *6 8 
5 *4 *6*5 
5 16 i 6-2 
5 17 i6-o 
5 *9 *5*7 


5 20 i5'5 
5 22 15*3 
5 ^3 *5*^ 


1 29 68*5 

2 2 6o‘3 

2 26 54*7 
2 24 50-3 

2 59 46 7 

3 12 43*7 
3 23 4*'i 


3 32 38*8 
3 4* 36*9 
3 48 35‘* 

3 55 33*6 

4 I 32*1 
4 7 30*8 
4 12 297 
4 17 28’6 
4 22 27*6 
4 26 267 

4 30 25 9 
4 33 25** 
4 37 24-4 
4 40 23*7 


4 46 22’5 
4 49 ^**9 
4 5* ^*‘4 
4 54 ^0*9 
4 56 20*5 


4 58 20*0 

5 I 19*6 

5 3 *9*3 
5 5 *8*9 
5 7 *8*5 
5 8 iS'2 

5 *0 17-9 
5 12 i7'6 
5 *4 *7*3 
5 *5 *ri 


5 17 i6-8 
5 iS i6*6 
5 20 i6‘4 


5 

47 

6*8 

5 

48 

6*7 

5 

48 

6*7 

5 

49 

6*6 

5 

49 

6*6 

5 

SO 

6-5 

5 

50 

6-5 

5 

5* 

6*4 

5 

5* 

6*4 


5 

45 

7*9 

5 

46 

7-8 

5 

46 

7*8 

5 

47 

7*7 

5 

47 

7*7 

5 

48 

7*6 

5 

49 

7*5 

5 

49 

7*5 

5 

50 

7*4 



3 36 38-2 
3 44 36*5 
3 5* 34*9 

3 57 33*5 

4 3 3^*2 
4 8 31*0 
4 *3 29*9 
4 18 28-9 

4 22 zS’o 
4 26 27'2 
4 30 26*4 
4 33 ^5*5 
4 37 H*9 
4 40 ^4*3 
4 43 ^3*7 
4 46 23’ I 
4 48 22*6 
4 51 22*1 


4 53 21*6 
4 56 21*2 

4 58 20*8 

5 o 10*4 



5 

43 

9** 

5 

44 

9*0 

5 

44 

8*9 

5 

45 

8-8 

5 

46 

8-7 

5 

46 

8*7 

5 

47 

8-6 

5 

48 

8*6 

5 

48 

8*5 


I 21 70*5 

1 52|63-! 

2 14 57*8 
2 32153 7 


2 47 507 

2 59 47*4 

3 *0 44*9 
3 20 42*7 
3 28 40*7 
3 36 39*0 
3 43 37*4 
3 49 35*9 

3 55 34*6 

4 * 33*4 
■ 4 6 32-4 

4 ** 3**3 
4 *5 30*4 
4 *9 ^9*5 
4 23 287 
4 27 28-0 
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TABLE 2.9 


5 38 * 0-5 
5 39 10*4 
5 40 10*3 
5 41 10*2 
5 41 10*1 
5 42 10*0 
5 43 9*9 
5 44 9*8 


70 I 5 47 I 9*6 


I 19 72*0 

1 50 63-9 

2 II '58-7 
2 29 54*8 
a 43 51*3 

2 56 48*4 

3 7 46*01 

3 16 43 * 8 ' 
3 25 41*8 
3 33 40*1 
3 40 38*5 
3 47 37*1 
3 35*8 


3 58 34*6 


4 8 32-5 
4 12 31*5 
4 16 30*6 
4 20 29-8 
4 24 29*1 
4 28 28-3 
4 3 * 27*7 
4 35 27-0 


4 38 26-5 
4 41 ^ 5*9 
4 43 ^ 5*4 
4 46 24*8 
4 49 24*4 
4 51 24*0 
4 54 23*6 
4 56 23*2 

4 58 22*8 

5 1 ^ 2*4 



•4 5 35 12-6 5 33 13*7 
‘3 I 5 36 12*5 5 34 13 6 

5 37 12*4 5 35 U'S 

5 38 12*2 5 36 13 4 

5 39 5 37 13*3 

5 40 12*0 5 38 13-2 

5 39 13*0 

5 40 13*0 


I 17 71*6 

1 47 64*6 

2 9 59*6 
2 26 55*6 
2 40 52-3 

2 53 49*4 

3 3 47*0 

3 13 44*8 
3 22 42*9 
3 29 41*2 
3 36 39*6 
3 43 38*2 


3 

55 

35*7 

4 

0 

34*6 

4 

5 

33*5 

4 

9 

32*6 

4 

>4 

3>*7 

4 

18 

30*9 

4 

22 

30*1 

4 

25 

29*4 

4 

29 28-7 


4 32 28*1 4 27 29-7 
4 35 26-9 4 30 29-1 
4 38 26-6 4 33 28-5 
4 41 26*2 4 36 27*9 
4 44 25*9 4 39 27*4 
4 47 25*4 4 42 26-9 
4 49 25*0 4 45 26-4 


16 ha’i 
45 65*3 
2 6 60-3 

2 23 I56-4 
2 37 '53*2 

2 50150*4 

3 o : 48 *o 
3 io|45*8 
3 i 9 j 43-9 
3 26 '42*2 
3 34 40-6 


3 40 39*2 
3 46137*9 


3 57 35*6 

4 2 | 34-3 
4 7133*6 
4 II 32*7 
4 15 31-9 
4 19 31*1 
4 23 30-4 



S 

3 

22*1 

5 

5 

21-8 

5 

7 

21*5 

5 

9 

21*2 

5 

II 

20*9 

5 

12 

20*6 

5 

>4 

20*4 

5 

16 

20*2 


4 58 24-6 
4 54 24*2 
4 57 23*8 


4 48 25-9 
4 50 25*5 
4 53 ^ 5*1 


3 31 41*6 
3 37 40*2 
3 44 38-8 

3 49 37*7 

3 55 36-6 

4 o 35*6 
4 4 34*6 
4 9 33*7 
4 13 32*9 
4 17 32-J j 
4 21 31*4 
4 25 30*7 
4 28 30*1 
4 31 29*5 

4 35 

4 38 28*4 
4 41 ^ 7*9 


2 18 '58-0 
2 3a 54*8 
2 44 52*1 

2 55 49*8 

3 5 47*7 
3 >3:45*8 


3 21 44 I 
3 28 42*6 
3 36 4 i*J 
3 4 > 39*8 
3 47 38*7 
3 5 ^ 37*7 

3 57 36*6 

4 2 35 6 
4 7 34*7 
4 II 33*8 


2 o 62*4 
2 16 587 
2 30 55*6 
2 42 527 

2 53 50*6 

3 2 48 5 


3 II 467 
3 >9 45*0 
3 26 43*4 
3 33 42-1 

3 39 40*6 

3 45 39*6 
3 50 38’5 

3 55 37*5 

4 o 36*5 
4 5 35*6 


5 

9 

21*9 

5 

11 

21*6 

5 

>3 

21*4 

5 

>5 

21*1 

5 

T 7 

20' 9 


5 2x 19*5 
5 23 197 
5 24 * 9*1 
5 26 19*0 


4 

55 

24*8 

4 

51 

26*1 

4 

58 

24*4 

4 

54 

25*7 

5 

0 

24*0 

4 

56 

25*4 

5 

2 

23-7 

4 

59 

25*0 

5 

4 

23*4 

5 

I 

24*7 

5 

6 

23-1 

5 

3 

24*4 

5 

8 

22*8 

5 

5 

24*1 

5 

10 

22*6 

5 

7 

23*8 

5 

12 

22*3 

5 

9 

* 3*5 

5 _ 

2 ± 

22- 1 

_ 5 _ 

II 

23*3 

5 

16 

21*8 

5 

>3 

23*0 

5 

18 

21-6 

5 

>5 

22*8 

5 

20 

a I -4 

5 

>7 

22*6 

5 

21 

121*2 

5 

>9 

22*4 


4 23 31*7 
4 26 31*1 
4 3 o| 30'4 
4 33 :29*8 
4 36 ;29*3 

4 39 28*8 

4 42 28*3 
4 45 27*9 


4 48 27-5 
4 50 27*0 
4 53 26*6 
4 55 26*3 

4 58 25*9 

5 o 25-6 
5 2 25*3 
5 4 25*0 
5 7 24*7 
5 9|24*4 


511 124*2 
5 > 3 | 23*9 
5 >5 | 23*7 
5 >7 123*5 


4 25 32*0 
4 28 31*4 
4 3 > 30*8 
4 35 30*3 
4 38 29*7 
4 41 29*3 


4 44 28*8 
4 46 28*4 
4 49 28*0 
4 5 * 27*6 
4 54 27*2 
4 57 26*8 

4 59 26*5 

5 I 26*2 
5 4 25*9 
5 6 25*6 


5 8 25*4 

5 TO i5'i 
5 12 24*S 
5 15 24*6 


I 10 73*9 
I 38 67*6 

1 58 63*0 

2 14 59*4 
2 28 56*3 
2 40 53*7 
2 5T 51*4 


3 o 49*3 
3 9 47*5 
3 >7 45*8 
3 24 44*3 
3 31 42*9 
3 37 4**7 
3 43 40*5 
3 49 39*4 
3 54 38*4 
3 58 37*41 


4 3 36*5 
4 7 35*7 
4 12 34*9 
4 >6 34*2 
4 20 33*5 
4 23 32*9 
4 27 32*3 
4 30 31*7 
4 33 3>*2 
4 37 30*7 


4 40 30*1 

4 43 29*7 
4 45 29*3 
4 48 28*9 
4 5 > 28*5 
4 53 28*1 
4 56 27*8 

4 58 27*4 

5 I 27*1 
5 3 * 6*8 


> 9 74*3 
1 36 68*1 

1 56 63*6 

2 13 60*0 
2 26 57*0 
2 38 54*4 


2 48 52*1 

2 58 50*1 

3 7 48-1 

3 15 46*7 
3 23 45*2 
3 29 43*8 
3 35 42*5 
3 41 41*4 
3 47 40*3 
3 52 39*2 



4 39 3 >*i 
4 42 30*7 

4 44 30*2 
4 47 29*8 

4 5> 29*4 

4 53 29*0 
4 55 287 

4 58 '28*3 




























































TABLE 29 



1 8 74*6 
I 35 68-6 

1 55 64-2 

2 II 6o-6 
2 25 57*7 


2 36 55*1 
2 47 52-9 

2 56 50-9 

3 5 49*1 

3 13 47*5 
3 20 46*0 
3 ^7 44- 6 
3 33 43 0 
3 39 

3 45 41*1 




3 28*6 
5 ^8-3 
7 28*0 
10 27*8 
12 27*6 
14 27-5 
17 27*3 
19 26*9 
21 26*7 


4 27 34*3 
4 30 33-8 
4 34 33’3 
4 37 32-8 
4 40 3^*3 
4 43 31*9 
4 46 3 *’5 
4 49 3*‘i 
4 52 30*7 
4 55 30-4 

4 57 30*1 

5 o 29-7 
5 a 29-5 
5 5 ^ 9 '^ 
5 7 28-9 
5 10 28*7 
5 12 28*4 
5 15 28*2 


I 6 75‘3 

I 33 69-5 
1 52 65-2 


2 8 6i*8 

2 21 58*9 
a 33 56*5 
2 44 54*3 

2 53 52-3 

3 2 50-6 

3 10 49*0 
3 17 47*5 
3 24 46*2 
3 30 44*9 


3 3^ 43-8 
3 4^ 42*7 
3 48 41*7 
3 53 40*8 

3 57 39’9 

4 2 39*1 
4 7 38*4 
4 II 37'7 
4 15 37*0 
4 19 36-3 


4 23 35’7 
4 26 35*2 
4 30 34-6 
4 34 34*1 
4 36 33-6 
4 40 33-2 
4 43 32-8 
4 46 32-4 
4 49 32'o 
4 52 31*6 
4 54 31-3 

4 57 30*9 

5 o 30’5 

5 2 30-3 

5 5 30-1 
5 8 29-8 

5 10 29'5 
5 12 29*3 
5 15 29*1 
5 17 28*8 


I 6 75*5 
I 32 69*8 


1 51 65*7 

2 7 62*4 

2 20 59*5 
2 32 57*1 
2 42 54*9 

2 51 53-0 

3 o 51*3 
3 8 49*7 
3 16 48*2 

3 2^ 46*9 


3 

29 

45*7 

3 

35 

44*6 

3 

41 

43*5 

3 

46 

42*5 

3 

52 

41*6 

3 

56 

407 


4 26 36*0 
4 30 35*5 
4 33 35*0 
4 36 34-5 
4 39 34*0 
4 4i 33*6 
4 45 33*2 
4 48 3^-8 
4 51 3^-5 
4 54 32*1 

4 57 31*8 

5 o 31*5 

5 3 31'^ 
5 5 30*9 
5 8 30-7 

5 10 30*4 
5 13 30*2 
5 IS 30*0 


I 31 |7o-3 

1 50 |66*2 

2 6 162*9 
2 19 601 
2 31 57*7 
2 41 55 6 
2 51 537 

2 59 51*9 

3 7 50*4 
3 15 49*0 
3 22 47*6 
3 28 46*4 
3 34 45*3 
3 40 >44*3 
3 45 43*3 
3 51 42*4 

3 55 41*5 

4 o 407 

4 5 40 0 

4 9 39*3 
4 13 38-6 
4 17 38-0 
4 2 J 37-4, 

4 25 36*8 
4 2() 36*3 1 
4 32 35*8 
4 36 35*3 
4 39 34*8 
4 42 34*4 
5 3±o^ 
4 48 337 
4 51 33*3 
4 54 33*0 

4 57 32 6 

5 o 32*3 

5 3 32*0 

5 5 31*8 

5 8 31*5 
5 II 31*3 
5 13 311 


1 3 75-6 

I 28 71*4 

1 47 67-5 

2 3 64-3 

2 16 61*7 
2 28 59*3 
2 38157*3 
2 47 '55*5 









































624 


TABLE 29 


HOUR ANGLE AND ALTITUDE OF A BODY UPON THE PRIME VERTICAL 

I DeclinatiiSx 


' H. A.IaU. H. A.l Alt. H. A I Alt. H. aJ Alt. H. A. [Alt. H. A.| Alt. H. A.|Alt.|H. A.|AIt~ 


1 3 76 9 

I 18 71*7 

1 47 67*9 

2 2 64'8 
2 15 62'2 
2 27 59*9 
2 37 57*9 


2 47 56-1 
^ 55 54*5 

3 3 53*0 
3 II 5 I ’6 
3 18 50*4. 
3 25 49 z 
3 30 48-1 
3 37 47*1 
3 43 46-2 
3 48 45’3 

3 53 44 ' 5 | 

52 3 58 43 ' 7 l 
A 3 4 2 43*0 

54 4 7 4^*3 

4 12 41*7 
4 16 41*1 
4 20 40*5 
4 24 40-0 
4 a8 39*4 
4 3 ^ 39 ’o 


61 4 36 38-5 

62 4 39 38*2 

63 4 43 377 

64 4 47 37-3 

65 4 49 36*9 

66 4 53 36*6 

67 4 56 36-3 

68 4 59 36*0 
6.9 5 2 35*7 
70 5 5 35*4 


I 2 177*1 
1 27 72*0 
I 46 68*3 


2 14 62‘J 
2 26 6o*4 


2 36 58-5 

2 46 56-7 
a 55 55-t 

3 3 53-6 
3 10 5^*3 
3 17 51*0 
3 24 49*8 
3 30 48*8 
3 36 47*8 
3 42 46*8 1 
3 48 46*0 
3 53 45*2 

3 58 44*4 

4 3 437 
4 7 43*0 
4 12 42-4 
4 16 41*8 
4 20 41*2 
4 24 40*7 
4 28 40*2 


4 32 39 7 
4 36 39*3 
4 40 38*8 
4 43 38*5 
4 47 38*1 
4 50 37*7 
4 53 37*4 

4 57 37*1 

5 o 36*8 
5 3 36*5 


I 45 68*7 


2 14 63-2 


2 36 59 0 
2 45 57*2 

2 54 557 

3 2 54*2 

3 10 52*8 
3 17 51*6 
3 24 50*5 
3 30 49*5 
3 36 48*5 


3 42 47*6 
3 47 46*8 
3 53 45*9 

3 58 45*1 

4 3 44*4 
4 7 43*8 
4 12 43*1 
4 16 42*5 
4 20 42*0 
4 25 41*5 


I I 77^6 

I 26 72*7 

1 45 69*1 

2 o 66*1 




1 44 169-8 

1 59 66'9 

2 12 ,64-5 
2 24 62‘4 
2 34l6o*5 
2 44 (58-8 

2 53 57*3 

3 I 55*9 

3 954*7 

3 i6|53*5 


I I 78*2 


I 25 73*6 
I 44 70*1 

1 59 67*3 

2 12 64*9 
2 24 62*8 
2 34 6i*o 
2 44 59*3 

2 53 57*8 

3 I 56 5 
3 9 55*5 


3 36 49*1 
3 42 ,48*2 
3 47 !47*4 
3 53 i46-6 

3 58 145*8 

4 3 145* I 
4 7 44*5 
4 12 43*9 
4 16 43*3 


4 25 142* 


I 25 73*9 
1 43 70-5 

1 59 677 

2 12 65*4 
2 23 637 
2 34 6i’5 
2 44 59*9 

2 53 58-4 

3 I 57*0 




4 17 '44*7 
4 22 44*2 
4 26 437 
4 30 43*2 
4 35 42 8 
4 39 42*4 
4 43 42*0 
4 46 41*6 
4 50 41-2 
4 54 40*9 


4 13 46-0 
4 18 45*5 
4 23 44*9 
4 27 44*4 
4 31 44*0 
4 35 43*5 
4 40 43*1 
4 44 42*7 

4 48 42*4 
4 51 142*0 


4 9 47*3 
4 14 46-7 
4 19 46*2 
4 23 45*7 
4 28 45‘2 
4 32 44*7 
4 37 44*3 
4 41 43*8 
4 45 43*5 
4 49 43*2 


42 

1 0 

78-6 

43 

I 25 

74*1 

44 

I 43 

70-8 

45 

I 58 

68-1 

46 

2 12 

65*8 

47 

2 23 

63*8 

48 

2 34 

62*0 

49 

2 44 6o*4 

50 

2 53 

58*9 




1 58 169*2 I 43 72*2 

2 12167*0 I 58 69*5 

2 23 165*1 2 12 67*4 

2 24 '65*5 

2 34 63*8 

2 44 62*3 

2 54 6o*9 

3 2 59*7 

3 10 58*5 

3 18 57*5 

3 25 56*5 

3 32 55*6 

3 39 54*7 


3 45 153*9 
3 5» 153*2 
3 57 152*5 



I 25 75*5 
I 43 72*4 

1 59 1 69*9 

2 12 67*8 
2 24 65-9 
2 35 65-2 
2 45 62 8 

2 54 61*4 

3 3 6o'x 

3 II 591 
3 19 58*0 
3 26 57*0 
3 33 56*2 


3 40 55*3 
3 46 54*5 
3 53 53*8 



















































TABLE 30 


TABLE 31 


635 











































TABLE 33 



















lABLE^^e 


TABLE 37 

£ 





























40 0 13 
45 0 13 
50 0 H 

00 0 14 

70 0 14 
80 0 H 
90 0 , H 


9 35 0 
9 40 0 

'45 0 

50 0 
GO 0 
10 I 70 0 
10 80 0 

90 0 


A STAR. &udirac( the Corr. 
Height of tlie Eye in Feet 


10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

IS 

15 

15' 

16^ 

16 

j6 

16' 

17 

1/ 

17' 

17 


14 

14 

14 

J 5 

15 

*5 

15 

16 

16 

16 

16 

16 

13 

13 

14 

14 

14 

14 

14 

>5 

15 

*5 

>5 

*5 

12 

12 

13 

13 

13 

13 

14 

14 

14 

14 

14 

15 

IX 

12 

12 

12 

13 

13 

13 

13 

14 

14 

*4 

14 
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TABLE 39 


CORRECTION OF THE MOON’S APPARENT ALTITUDE 

(Barometer, 30 inches. Fahreiiheit’d thermometer, 60°) • 


Horizontal Parallax 

63' ! 54' I 65' I .%•' I or ! 68'] 60' I fiO' I 61' 


O / ///<////</ //I 

0 0 19 I4'20 1421 14I22 14123 1424 1425 1426 1427 141 
10 21 622 623 624 625 626 627 628 629 6| 
20 22 5123 5124 5125 5126 5127 5128**5129 5130 51I 

30 24 2825 2826 2827 2828 2829 2830 2831 2832 28! 

40 25 5826 5827 58128 5829 5830 5831 5832 5833 581 

60 27 21 28 21 29 21 30 2131 21 32 21 33 21 34 21 35 2i| 


1 0 28 3929 3930 39 31 39I32 3933 39|34 39 35 39 3® 39 

10 29 4930 4931 49I32 49 33 4934 49'35 4936 4937 49 

20 30 5631 5632 56133 56|34 5635 5636 5637 5638 56 

30 3' 57 3^ 57 33 S7|34 5 ’^ }^ 57 3^ 57 37 57|38 57 39 57 

40 3^ 54 33 5434 54'35 54 3^ 54 37 54 38 5439 5440 54 

50 33 4ft 34 46 35 4^ 36 4 ^ 37 4 6 38 4^ ^_4 ^ 40 46 4i_4^ 

2 0“ 34 36 35^^36 3637 3^8 3639 3640 364* 3^42 36 

10 35 22136 2237 2238 22'59 2240 2241 2242 224.3 22 

20 36 437 438 439 4I40 441 442 443 444 4 

30 36 4437 44|38 4439 44140 4441 4442 44,43 4444 44 

40 37 2138 2139 2140 2141 2142 2143 21144 ^^45 21 

60 37 5558 55I39 S540 Ssk^ 554^^ 5543 55144 55 45 55 



45 1246 1247 
45 2146 2047 
45 2946 2847 
45 3646 3547 
45 4346 4^47 
45 4946 49 47 


8 0' 45 55I46 5;, 47 
|0 46 247 148 

20 46 747 7^ 

30 46 1347 1248 
40 46 1847 1748 
60 46 23I47 23I4S 


1 1 48 1 1 49 ] 
2048 1949 ] 
2848 2749 2 
3548 3449 3 
4248 4149 ^ 
4848 4849 ^ 


5448 5449 ! 
049 049 j 

649 550^ 

12 49 II 50 ] 
17 49 16 50 ] 
2249 21 50 : 


1051 1052 
18 51 18 52 
26 51 26 52 
33 51 33 52 
40 51 40 52 
4- SI 46 52 


' 53 51 5^ 5^ 

• 5951 58 52 

4 5 ^ 4 53 

1052 953 

15 5 » 1453 

20152 1953 


9 53 9 

1753 17 

25 53 ^5 
3253 32 

39 53 39 
4<^ 53 45 
5253 51 

57 53 57 
3 54 2 
854 8 
13 54 13 
18 54 18 

















TABLE 39 


031 


CORRECTION OF THE MOON'S APPARENT ALTITUDE 
(Barometer, 30 inches. Fahrenheit's Thermometer, 50°) 


Horizontal Parallax 


Corr. for " of Par. add. 


12 14 16 j8 ^ 

22 24 25 27 7 

31 33 35 37 * 

41 43 45 47 

SI 53 55 57 



10 12 14 16 18 

19 21 23 25 27 

^9 31 33 35 37 , 

39 41 43 45 47 1| 

49 51 53 54 56 2 


I 


17 0 47 

10 47 

20 47 
30 47 
40 47 
60 47 


IB 0 47 
. 10 47 
20 47 
30 47 
40 47 
60 47 


19 0 47 
10 47 
20 47 
30 47 

40 47 

60 47 


33 45i 3149 

3348 3049 
3248 2949 
3148 2849 
3048 2749 
29148 2649 


28 48 2549 
26148 2349 
25 48 2249 
2448 2149 
2348 2049 
2148 i8j49 


2048 1749 
1848 1549 
1748 1349 
1548 1249 
1448 1049 
12 48 8 49 


;i 25 

1 1 H 

26 51 23 52 
25 51 22 52 
24 51 21 52 
22 51 20 52 
21 51 18 52 
20 51 17 sa 


1951 1652 

1751 155 a 

16 51 14 52 
1551 1252 
13 51 10 52 
1251 8152 


1051 752 

ilsi 55 a 
751 35a 
551 251 
351 051 

150 58f;i 


9 54 655 3 10 

7 54 4 55 I 20 
5 54 i|54 59 ^0 
4 54 I 54 5« 40 
a 53 S9 ' 54 56 60 
oj53 5 ^ 54 54 0 

59153 55 54 5^ 10 

57; 53 53 54 50 20 

55I53 51 54 48 30 

53|53 49154 46 40 
51I53 47154 44l 60 


B 

■ 

4 

13 

19 ' 
28 , 

38 1 

47 

> 21 
30 ‘ 
40 
49 

43 

32 

41 

51 


I M 


14 15 17 

23 25 27 

33 35 37 

42 44. 46 

5^ 54 56 

468 
13 15 17 

23 25 27 

33 35 36 

42 44 46 

5^ 54 56 

468 

13 15 17 

23 25 27 

3^ 34 36 

42 44 46 

5^ S3 55 

4 6 8 

13 15 17 

23 25 27 

32 34 36 

42 44 46 

SI :>3 I 55 


43 

45 

53 

55 























TABLE 39 


CORRECTION OF THE MOON’S APPARENT ALTITUDE 
(Barometer, 30 indies, Falirenlieit’s Thermometer, 50°) 


App. 

Alt. 53' fi 


20 0 47 1048 749 349 59 50 565* 5^5^ 49 53 45 54 4* ” 

1047 9148 549 *149 58 50 54 5* 505^ 47I53 43 54 39 

20 47 7148 3148 5949 5^ 5° 5^,5* 4^5^ 44|53 4* 54 37 

30 47 548 *148 57i49 54l5o 5^ 5* 4^5^ 4^ 53 3854 35 

40 47 3147 59148 55:49 5* ,5“ 4.8 s* 44 52- 40 53 36,54 32 40 

50 47 i | 47 57 48 53 , 49 49 ! 5^ 45 5* 4* 5^_^| 53 34 ' 54 30 

‘21 0 46 59147 5548 5*149 47|5o 4351 39 5^ 35i53 3*;54 ^7 

10 46 57;47 5348 49I49 45'5o 4*. 5* 37 5^ 33 53 ^9 54 ^5 

20 46 55'47 5148 47 49 4315° 3815* 34 5^ 3o!53 26,54 22 20 

iiO 46 53'47 4948 4449 4ol5o 36;5i 32|52 28153 24I54 19 A 

40 46 5*147 4648 42:49 38150 34 5* 2915^ ^5 53 21154 *7 40 

50 46 48'47 44148 4oj49 35'50 3*!5* 2715 2 ^3 ' 53 *8 54 *4 ^0 

2-2 0 46 4647 42148 3749 33:50 29'si 24!52 20:53 16:54 ii 0 

10 46 4447 39148 35 49 3o|5o 2^ 51 2252 i7|53 *3 54 8 10 

20 46 4*47 37148 32I49 28I50 2351 1952 14I53 *o;54 5 

3046 3947 34148 30:49 25150 2151 1652 i2|53 7154 3 .n> 

•4046 3647 32148 27149 23150 1851 1352 9153 4'54 o 40 

^ 46 34 47 29 | 48 2 5|49 20|5^^ 5* ** 5 2 6 53 1 53 57 

23 046 3247 27I48 2249 *7150 *2151 852 3I52 5853 53 0 

% .r* /r _ _ _ 1.0 Tr\^rw r P r\\ P PP ml 10 


Horizontal Parallax 


50' r fio’ I CP r 


. H ' H ' A // 


Corr. for " of Par, add» |«£ 5 



10 46 29147 2448 19:49 15 50 *0.51 
20 46 26147 2248 17 49 12 50 7 51 


552 0152 55 53 50 

25* 57152 52153 47 


3046 2447 19148 14I49 950 450 595* 54'52 49 53 44 ^10 

4046 2147 16148 11149 650 150 5651 51152 4653 41 40 

50 46 1847 13I48 8I49 3 49 58 50 53 5* 48 1 52 43 53 38 »'>0 

0 46 1647 11I48 5i49 04V 5550 5 o| 5* 45152 39 53 34 

1046 1347 8I48 2I48 5749 5250 47 5* 4*|52 3653 31 
20 46 1047 547 59'48 5449 49 5° 44 5* 38j52 33 53 28 20 

30 46 747 247 56'48 5*49 4^50 405* 35 52 30 53 *4 -^0 

40 46 446 5947 5448 4849 4350 37 5* 3252 26 S 3 21 40 

50 46 2,46 56 47_^i I48 45 4 9 39 5o 34 5* 28 52 23 53 *7 
0 45 59146 53 47 47|48'4249 3^ 50 3* 5* 2552 u/s^ *4 
10 45 5646 5047 44I48 3949 33150 2751 21^52 1653 10 10 

20 45 5346 4747 4*'48 3549 2950 245* *852 I2|53 6 20 

30 45 4946 4447 38:48 3249 26|5o 2051 1452 9153 3 :I0 

40 45 4646 4047 3548 29:49 23150 175* **52 5 52 59 40 

60 45 4346 3747 31 48 25 49 19150 1351 75^ *l 52 55 

“45 4046 3447 2848 2249 *6150 1051 451 58|52 52 0 

1045 3746 3*47 2548 1949 *2150 651 051 5452 48 10 

20 45 3446 ^747 2148 *549 9;50 3 5° 565* 50;52 44 20 

30 45 3146 2447 1848 *1149 5'49 5950 53 5* 46 52 40 ^30 

40 45 2746 2i|47 1448 8149 249 5550 4951 42^52 36 40 

50 45 24 46 17 1 47 1148 4 *48 58| 49 5* 5o_45 5* 38 52 32 00 

J 0 45 2046 14I47 7'48 lUS 54149 4850 4*5* 35'52 28 0 

1045 *746 1047 4'47 57148 5o;49 4450 37 5* 3* 52 24 10 
20 45 *346 747 047 53^48 47149 4050 33 5* 2752 20 20 

30 45 io'46 3146 5647 50,48 43:49 3650 2951 2352 16 30 

40 45 646 0I46 5347 4648 39,49 3250 2551 1952 12 40 

004s 345 56,46 49 47 4248 35 ' 49 2850 2151 1452 7 50 

r 0 44 59'45 52:46 4547 3848 3*49 2450 *7 5* *052 3 « 

10 44 56:45 4946 4247 3448 2749 2050 1351 6 51 59 10 

2044 5245 45I46 3847 3*48 2349 1650 951 2I51 55 20 

30 44 4845 4*46 3447 27:48 *949 *250 550 58.5* 50 *10 

40 44 4545 3746 3047 23:48 15:49 850 I 50 53 51 46 40 

50 44 4i4> 3446 2647 19:48 1149 ,449 5650 4951 42 60 


650 1I50 5651 51152 4653 41 40 

3 49 58 1 50 53 5* 48 1 52 43 53 38 00 

0 4V 55I50 5 o| 5* 45I52 39 53 34 0 

7J.0 <2k0 A7l^I 4lk2 265 ^ 10 


ig 2C 22 24 26 

28 29 31 33 35 

37 39 40 42 44 

46 48 50 51 53 


18 20 I 22 

27 29 1 31 

36 38 I 40 

46 47 49 


1 ^ + 

I *1 *3 

1 20 22 


27 29 I 31 

36 38 I 40 

45 47 48 

024 

9 ** *3 

18 20 22 

27 29 30 

36 38 39 

45 47 48 


18 I 20 [ 21 23 25 I 0 

27 I 28 1 30 32 34 2 I 

35 I 37 1 39 41 43 3 I 

44 i 46 1 48 50 52 ‘ - 


0 44 37,45 30146 2247 1548 
lo 44 3445 2646 18:4, **,48 


749 049 5^50 45 5* 37 
3I48 56149 48 50 40,5* 33 


20 44 3045 2246 1J47 747 5948 5149 4450 36,51 28 2() 

ao 44 2645 18146 io'47 2I47 55'48 4749 3950 3ij5i 24 30 

40 4.4 1245 *446 646 58|47 5148 43I49 3550 27.51 19 40 

50 44 18 45. 1046 2^46 54j47 4648 38[49 3050 22|5i 15 50 



26 

28 

30 

32 

33 

35 

37 

38 

40 

41 

44 

45 

47 

49 

50 















TABLE 39 


633 


CORRECTION OF THE MOON’S APPARENT ALTITUDE 
(B.'irometer, 30 inches. Falireiiheit’s Thermometer, 50°) 


Horizontal Parallax 


I'/ of Lorr. for '' of Par. add. I ^ 


Ait. 5^ I 54' I 55^ I 5r/ | bt I 58^ | 59^ | 00^ [ 6P 0^^ | 2" I 4" I 6^^ I 8^^ 


H45 64s 
1045 245 

644 5845 
244 5445 
5844 5045 
5444 4S45 


5846 5047 4248 3449 2650 1851 
5446 4647 3848 3049 2150 1351 
50146 4247 3348 2549 *750 951 

46 46 3747 2948 2149 1^50 450 
4146 33 47 2548 1649 849 5950 

37I 46 2947 20 48 1249 3 49 55 50 



33 0 4^ 
10 42 
20 42 
30 42 
40 
50 

34 0 42 
10 42 

20 42 

30 42 
40 42 



35 0 42 
10 41 
20 41 
30 41 
40 41 
50 

30 0 ~ 
10 
2 ;) 

30 
40 
60 


5843 4844 
5443 4444 
49 43 39 44 
45 43 35 44 
4043 3044 

35 43 2544 


3143 2*44 

2643 1644 
2143 1144 
*7 43 643 
*243 *43 
7 42 57 43 

342 5243 

5842 4743 
53 42 42 43 
48 42 3743 
43 4* 3243 
3842 2743 


39:45 2946 
3445 2446 

29,45 2046 

2445 *546 

1945 1046 
*4 45 5 45 


1045 045 

644 5545 
*44 5045 
5644 4545 
5*44 4045 
46 44 35 45 
4144 3045 
3644 2545 
3*44 2045 

2644 1545 

2144 944 

1644 4.H 


9 21 
9 *^ 

9 ** 

9 6- 

9 *‘ 

8 56. 

1947 10*48 CI48 5049 . 

*547 547 55!4« 4549 

1047 047 50148 4049 

546 5547 45|48 3549 
046 5047 40 48 30 49 
5546 45I47 35148 2449 


5046 4047 2948 1949 
4546 3447 2448 1449 
4046 2947 1948 848 

3546 2447 1448 3 4i^ 
3046 1947 847 5848 , 

24 46 14 47 3 47 5248 , 

1946 846 57 47 4748 
1446 346 5247 4148 

9 45 58,46 4746 36 j 48 
3 45 52I46 4*47 3048 
5845 47146 3647 2448 
53I45 41146 3<^|47 * 9 48 



40 0I40 4741 3342 2043 743 53 44 4045 2746 13 

39 55*40 4141 2842 1443 143 47144 3445 21I46 7 

39 4940 3641 2242 942 5543 4144 2845 1446 .'i 

39 4440 3041 1742 342 4943 3544 2245 845 54 

39 38140 254* **i4* 5742 43 43 29!44 *645 245 48 

39 33I40 *94* 54* 5 *'42 37 43 *3 44 944 5645 4* 


2 3 5 

10 12 14 

19 21 22 

28 29 31 

t 36 38 40 

^45 47 48 

235 

10 12 14 

I 19 20 22 

I 27 29 31 

36 38 39 

44 46 48 

235 

10 J 2 13 
19 20 22 

27 29 30 

35 37 39 

44 46 47 

2 3 s 

10 12 13 

18 20 22 

27 28 30 

35 37 38 

44 45 47 


235 

10 12 13 

18 20 21 

27 28 30 

35 36 38 I 

43 44 46 I 


235 

10 II 13 
j8 20 21 

z6 28 29 

34 36 38 

42 44 46 

2 3~ 5 
10 II 13 
18 19 21 

26 27 29 

34 35 37 

42 44 45 

2 3 5 
10 II 13 
17 19 21 

26 28 29 

34 35 37 

4* 43 44 


17 19 20 

25 27 28 I 

33 35 36 

4* 42 44 


17 19 20 

25 I 27 28 

32 34 36 

40 42 43 


7 

16 sub. 

24 , 

33 I'o 


7 

16 

24 S 3 
32 7 3 
41 « 4 

49 9 4 
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App. 


Alt. 
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or. fr» 
fjK AW. 
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TABLE 39 


CORRECTION OF THE MOON’S APPARENT ALTITUDE 
(Bxroiiiecer, 30 inches. Fahrenheit's Thermometer, dO-”; 


Horizontal Parallax 


i I • I — I ■ 

Alt. 5:v I 5 ^ I 55 ' I 60 ' I 57' 58 ' { di / I 00 ' ' 01 ' 


9 2 9 9 »3 9 33 9 44 9 54 

8 53 9 3 9 14 9 *4 9 34 9 44 

8 44 8 54 9 4 9 14 9 24 9 35 

8 35 8 45 8 55 9 5 9 15 9 25 

8 26 8 36 8 46 8 55 9 5 9 15 

8 17 8 27 8 36 8 46 8 56 9 5 


" of I Corr. for " of Par. at/cf, 

0" I 2" I 4" I 0" I ii" , 



!^or. for 
of Air. 
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TABLE 41 
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CORBESPONDINO 

HOE. PARALLAX and SEMIDIAM. 
OF THE MOON. 


4 ' 36" 57 ' 10" 

t 4 37 57 13 
14 38 57 17 
f 4 39 57 21 
[4 40 57 24 
[4 41 57 28 

14 42 57 32 

^4 43 57 35 
[4 44 57 39 
^4 45 J 7 43 _^ 
[4 46 57 46 
[4 47 57 50 
r 4 48 57 54 
f 4 49 57 57 
[4 50 58 I 
!4 5 i 58 5 
[4 52 58 8 
14 53 58 12 
[4 54 58 16 
‘±_55._5^J9 
[4 56 58 23 
[4 57 58 27 
[4 58 58 30 
t 4 59 58 34 
[5 o 58 38 
[5 I 5841 
58 45 
58 49 

58 52 
^5 58_5_6 
5 6 I 59 o 

59 3 


5 10 59 14 i 
5 II 59 iS 
5 12 59 22 
5 13 59 25 
5 14 59 29 
5 _i 5 59 33 
5 16 59 36 
5 17 59 40 
5 18 59 44 
5 19 59 47 
5 20 59 51 

521 5955 

5 22 59 58 
5 23 60 2 
5 24 60 6 
^25 60 9 
5 26 60 13 
5 27 60 17 
5 28 60 20 
5 29 60 24 
5 30 60 28 
5 31 60 31 
5 32 60 3S 
tS 33 60 39 
[534 6042 
5 35 6046 



II. Par.j Semid 

60' 50" 

16' 36" 

60 53 

16 37 

60 S7 

16 38 

6i I 

16 39 

61 4 

16 40 

61 8 

16 41 

61 12 

16 42 

61 15 

1643 

61 19 

16 44 

61 23 


61 26 

16 46 

61 30 

1647 

61 34 

16 48 

61 37 

16 49 

61 41 

16 50 


TABLE 42 




















TABLi: 


COIIKKCTION 

FOR REDUCING THE TRUE ALTITUDE 
OF THE SUN OR A STAR TO THE 

APPARENT ALTITUDE 

Alt, 

1 Corr. 

Alt. 

Corr. 


1 su/k 



snh. 

6° 0' 

0' 

16" 

70 

30' 

0' 6" 

5 20 

0 

15 

8 

0 

0 5 

5 40 

0 

12 

0 

0 

0 3 

6 0 

0 

1 1 

10 

0 

0*' 2 

6 20 

0 

9 

15 

0 

0 I 

6 40 

0 

8 

26 

0 

0 0 

7 0 

0 

7 





TAHLli: 15 


PAKALIiAX 



2'9 3*9 
2-9 3*8 

2*8 37 

2*7 3*6 
z-6 3*5 

2*5 3*3 


2 0 2*5 
1*7 2*3 

I '5 2'0 

1*4 1*9 



6"o y-'o 
5*9 6*9 
5*8 6-8 
5-6 6-5 

5*4 6.3 
5*2 6*1 
4*9 5’7 
4*6 5*4 
4'^ 4*9 
i 3*9 ! 4*5 I 


2-8 3*3 

2-6 3-1 

2*4 2'8 
2-2 2-6 


0*7 0*9 

0*6 0-8 
0-5 0*7 

o’4 0*6 

0-3 0*4 

0*2 0*3 


8 "o 9 "o 
7*9 ^'*9 
7*7 8*7 
7*5 8*5 
7*3 8-2 
7-0 7*8 

6-6 7*4 


4*0 4*5 
3*8 4*2 
3*5 3*9 
3*3 3*7 
3*0 3*4 

2*7 3*1 

2*5 2*8 
2-2 2-5 

I’9 2*2 


lo-'o i 9''9 29^9 

9*8!i9*7 29*5 

9*7|J9*3 29-0 
9*4j i8-8 128*2 
9*1 ii8* I j27*2 
8*7 |i7*3 26*0 
8*2 16-4 24-6 
7*7 J5*3 ^3*0 

IlLIiliiilr 

6*4 12*9 19*3 

5*7 11*5 J7'2 

5*0 lO'O 15*0 
4*7 9*4 *4*^ 
4*4 8*8 13-1 

4*1 8*1 12*2 
3*7 7*5 1^*2 
3*4 6*8 10*3 
yi 6*2 9*3 


1*0 1*2 
0*8 1*0 1 
0*6 0*7 


0*8 0*9 

0*6 0*6 


TABLE 4.>t 


COllltECTION 

FOR REDUCING THE TRUE 
ALTI'I^UDE OF THE MOON 
TO THE apparent 
ALTITUDE 


Horizoiitiil Parallax 

64' I 5jr 61' 


5 

10 

I 

10 

I 

18 

I 

23 

5 

20 

1 

7 

I 

^5 

I 

^9 

5 

30 

I 

5 

I 

1 1 

I 

36 

d 

40 

I 

3 

1 

8 

I 

13 

6 

50 

t 

0 

1 

5 

I 

10 

6 

0 

0 

57 

I 

3 


7 

a 

20 

0 

52 

0 

57 

I 

2 

a 

40 

C3 

47 

0 

51 

0 

Ji_ 

J 

0 

0 

45 

0 

47 

0 

51 

7 

20 

0 

4* 

0 

44 

0 

47 

7 

40 

0 

37 

0 

40 

0 

42 

8 

0 

0 

34 

0 

36 

0 

38 

8 

30 

0 

30 

0 

3a 

0 

33 

0 

0 

0 

26 

0 

28 

0 

29 

if 

30 

0 

22 

0 

24 

0 

^5 













TABLE 46 


AZIMUTH, 

AND CORRESPONDING CHANGE 
m 1 ® OF TIME 

OF ALTI TUDE 

Change of Altitude in 1 ‘" 

0' V 2 ' 

8' 1 4 ' 1 6' 1 G' 1 7 ' 1 8' 1 9 ' 10 ' 1 

11 ' 12 ' 13 '|l 4 ' 



8 i6 24 33 43 56 74 

8 16 as 35 45 58 84 

8 17 26 36 47 62 

9 18 27 37 49 66 

9 18 28 39 52 70 

9 *9 *9 41 I 55 80 


53° 60° 69° 87 
53 60 69 87 

53 60 69 

54 61 70 

54 61 71 

54 62 71 

55 62 72 

55 62 73 

55 63 73 

56 63 74 

56 64 75 

56 64 76 

57 65 77 

57 66 79 

58 66 81 

58 67 83 
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TABLE 47 


TABLE 48 


LIMITS, 

REDUCTION 

AT SEA, or THE 

TO THE MERIDIAN. 


Declination of the same Name as the Lat. I 

Lat. 







0 ° 

5° 

10 ^^ 

15° 

20 ° 

24° 

0 ^ 

o'* o'” 

o'* 3 '** 

o'* 5*** 

o'* 8™ 

o'*! I'” 

o'*i 4 «' 

5 

o z 

0 0 

0 3 

0 5 

0 S 

0 II 

10 

O 5 

0 3 

0 0 

0 3 

0 6 


15 

o 8 

0 6 

0 3 

0 0 

0 3 

0 6 

20 

O II 

0 9 

0 6 

0 3 

0 0 

0 3 

25 

o 15 

0 IZ 

0 9 

0 6 

0 3 

0 0 

:io 

0 18 

0 15 

0 12 

0 10 

0 7 

0 4 

55 

0 Z2 

0 19 

0 16 

0 13 

0 10 

0 8 

40 

0 z 6 

0 23 

0 20 

0 17 

0 14 

0 12 

44 

0 30 

0 27 

0 24 

0 21 

0 18 

0 17 

48 

0 34 

0 31 

0 z8 

0 27 

0 23 

0 22 

52 

0 40 

0 37 

0 34 

0 32 

0 30 

0 28 

56 

0 50 

0 43 

0 40 

0 38 

0 36 

0 33 

60 

0 54 

0 5C 

0 48 

0 46 

0 43 

0 40 

64 

1 0 

0 57 

0 55 

0 54 

0 52 

0 50 

68 

I 10 

I 8 

1 6 

I 6 

^ 5 

I 2 


Declination of contrary Name to the Lat. | 

0 

0 0 

0 3 

0 5 

0 8 

0 11 

0 14 

6 

0 z 

0 5 

0 7 

0 II 

0 14 

0 16 

10 

0 5 

0 8 

0 II 

0 14 

0 17 

0 19 

15 

0 8 

0 11 

0 14 

0 17 

0 19 

0 22 

20 

0 11 

0 14 

0 17 

0 20 

0 22 

0 25 

25 

0 15 

0 17 

0 20 

0 23 

0 25 

0 28 

30 

0 18 

0 21 

0 23 

0 26 

0 29 

0 3» 

35 

0 zz 

0 25 

0 27 

0 30 

0 33 

0 35 

40 

0 26 

0 29 

0 31 

0 34 

0 37 

0 39 

44 

0 30 

0 33 

0 35 

0 39 

0 42 

0 44 

48 

0 34 

0 38 

0 41 

0 44 

0 47 

0 49 

62 

0 40 

0 44 

0 48 

0 51 

0 54 

0 56 

56 

0 46 

0 50 

0 53 

0 56 

0 59 

I I 

60 

0 54 

0 57 

I 0 

I 2 

I 5 

I 7 

64 

I 0 

* 5 

I 10 

while visible. 1 

68 

I 10 

* 15 

1 zo 



_J 


VALUE OF 

THE REDUCTION. 

AT WHICH THE 2 ”'* 
RED“ AMOUNTS TO 1 '. 


Mer. 

Alt. 

lleduc. 

INIer. 

Alt. 

Reduc. 

5 ° 

4° 40' 

45 ° 

I°23" 

6 

4 16 

46 

I 21 

7 

3 57 

47 

I 20 

8 

3 4 i 

48 

I 19 

9 

3 

49 

I 17 

10 

3 18 

50 

I 16 

11 

3 8 

51 

J 15 

12 

3 0 

62 

I 13 

18 

^ 53 

53 

I 12 

14 

2 46 

54 

I 11 

15 

z 40 

65 

^ 9 

16 

a 35 

56 

I 8 

17 

2 30 

57 

I 7 

18 

2 25 

58 

I 6 

19 

2 21 

59 

I 4 

20 

2 17 

60 

I 3 

21 

2 14 

61 

I 2 

22 

2 10 

62 

1 0 

23 

2 7 

63 

0 59 

24 

2 4 

64 

0 58 

25 

2 2 

65 

0 57 

26 

I 59 

66 

0 55 

27 

1 56 

67 

0 54 

28 

* 54 

68 

0 53 

29 

J 51 

69 

0 52 

30 

1 40 

70 

0 50 

31 

I 47 

71 

0 49 

32 

* 45 

72 

0 47 

33 

' 43 

73 1 

0 46 

34 

I 41 

74 1 

0 44 

35 

I 39 

75 

0 43 

36 

I 37 

76 

0 41 

37 

I 36 

77 

0 40 

38 

' 34 

78 

0 38 

39 

I 32 

79 

0 37 

40 

I 31 

80 

0 35 

41 

I 29 

81 

0 33 

42 

I 27 

82 

0 31 

43 

I 26 

83 

0 29 

44 

> H 

84 

0 27 




TABLE 49 


643 


FOR COMPUTING THE REDUCTION TO THE MERIDIAN IN SECONDS 


0 0-0 

1 0*0 Z’O 

2 0*0 

3 0*0 2*2 
4 0*0 2*2 

5 0*0 2*3 

6 0*0 2*4 

7 0*0 2*4 

8 0*0 2*5 
9 0*0 2*6 

"uT a-T 
11 0*1 2*7 
12 0*1 2*8 

13 oi a*9 

14 0*1 3*0 

15 0*1 3*1 

16* 0*1 3*1 
17 0*2 3*2 
18 0*2 3*3 

19 0*2 3*4 

20 0*2 3*5 

21 o >3 3*6 

22 0*3 I 3*7 

23 0*3 3*8 

24 0*3 3*8 

25 0*3 3*9 

26 0*4 4*0 

27 0*4 4‘i 

28 0*4 4*2 

28 0*5 4*3 


0*5 4*4 
0*5 4*5 
0*6 4*6 
0*6 4*7 
0*6 4*8 
0*7 4*9 

0*7 5*0 

0*7 

0*8 5*2 
0*8 5*3 

0*9 5*4 

0*9 5*6 

i-o 5*7 
1*0 5*8 
i*i 5*9 
i*i 6*0 
1*2 6*1 
1*2 6*2 
1*3 6*4 

J*3 6*5 
1*4 6*6 
1-4 6-7 

1*5 6-8 
1-5 7*0 

1*6 7 1 

1*6 7*2 
1*7 7*3 

1*8 7*5 

1*8 7*6 

1*9 7*7 

2*0 7*8 


3 tu I 4 m 5 m gm I 

314 49"i 70^7 
17*9 31*7 49*4 71*1 

i8*i 31*9 49*7 71*5 

18*3 32*2 50*1 71*9 

i8*5 32*5 50*4 72-3 
i 8*7 32*7 50*7 72*7 

18- 9 33*0 51*1 73*1 

*9*» 33*3 51*4 73*5 
19*3 33*5 5^*7 73*9 

19- 5 33*8 52*1 74*3 


9*2 19*7 34*1 52-4 74*7 

9*4 19*9 34*4 5^*7 75*^ 

9*5 io** 34*6 53*1 75*5 

9*6 20*3 34*9 53*4 75*9 

9*8 20*5 35*2 53-8 76*3 

99 20*7 35*5 54*1 76*7 

10*1 20*9 35-7 54*5 77*1 

10-2 21*2 36*0 54*8 77*5 

10*4 21*4 36*3 55*1 77*9 

10*5 ^1*6 36*6 55*3 78*3 

10*7 21*8 36*9 55*8 78*8 

10*8 22*0 37*'’. 56*2 79*2 

ii'o 22*3 37*4 56*5 79*6 

II*I 22*5 37*7 56*9 80*0 

11*3 ^2;*7 38*0 57*3 8o*4 

11*5 22*9 38*3 57*6 180*8 

11*6 23*1 38*6 58*0 81*3 

11*8 23*4 38*9 58*3 8i*7 

11*9 23*6 39*2 58*7 82*1 

12*1 23*8 39*5 59*0 82*5 


12*3 24*0 39*8 59*4 83*0 

12*4 24*3 40*1 59*8 83*4 

12*6 24*5 40*3 60*1 83*8 

12*8 24*7 40*6 60*5 84*2 

12*9 25*0 40*9 60*8 84*7 

13*1 25*2 41*2 61*2 85*1 

13*3 25*4 41*5 61*6 85*5 

13*4 25*7 41*8 61*9 86*0 

13*6 25*9 42*1 62*3 86*4 

13*8 26*2 42*5 62*7 86*8 

14*0 26*4 42*8 63*0 87*3 

14*1 26*6 43*1 63*4 87*7 

14*3 26*9 43*4 63*8 88*1 

14*5 27M 43*7 64*2 88*6 

14*7 27'4 44*0 64*5 89*0 

i4'8 27*6 44*3 64*9 89*5 

15*0 27*9 44*6 65*3 89*9 

15*2 28*1 44*9 65*7 90*3 

15*4 28*3 45*2 66*0 90*8 

15*6 28*6 45*5 66*4 91*2 

15*8 28*8 45*9 66*8 91*7 

15*9 29*1 46*2 67*2 92*1 

16*1 29*4 46*5 67*6 92*6 

16*3 29*6 46*8 68*0 93*0 

16*5 >29*9 47*1 68*3 93*5 

16*7 30*1 47*5 68*7 93-9 

1 6*9 30*4 47*8 69*1 94*4 

17*1 30*6 48*1 69*5 94*8 

17*3 30*9 48*4 69*9 95*3 

17*5 31*1 48-8 70*3 95*7 

17*7 31*4 49*1 70*7 96*2 


67“ I 56“ I 55“ I 64“ | 53*“ 


96-''2 12 5*^7 
96*6 126*2 


98*1 127*8 
‘ 98*5 128*3 

99*0 128*8 

99*4 129*4 

99*9 129*9 

100*4 i3<^*4 
100*8 131*0 

101*3 131*5 
101*8 132*0 

102*3 132*6 

102*7 133*1 
103*2 133*6 
103*7 134*2 
104*2 134*7 

104*6 135*3 



06*6 137*4 
07*0 138*0 
07*5 138*5 

108*0 139*1 
108*5 139*6 
[09*0 140*2 
[09*5 140*7 

[TO*0 141*3 


110*4 141*8 
10*9 142*4 

11*4 143*0 

11*9 143*5 

12*4 144*1 
12*9 144*6 
i'3*4 145*2 
13*9 145*8 
14*4 146*3 
14*9 146*9 

i5'4 147*5 
15*9 148*0 

16*4 148*6 
[i6*9 149*2 

17*4 149*7 

17*9 150*3 

i8*4 150*9 

i8*9 151*5 

19*5 152*0 
20*0 152*6 

20*5 153*2 
[ 21*0 153*8 
121*5 154*4 

122*0 154*9 
22*5 ^ 55*5 
23*1 156*1 

123*6 156*7 

124*1 157*3 
124*6 157*8 

125*1 158*4 


1 50“ I 49“ I 40“ 1 47'" I 
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TABLE 40 


FOR COMPUTING THE REDUCTION TO THE MERIDIAN IN SECONDS 


s, la® 14“ 15“ I 16“ 17“ 18“ 19™ "[ 20“ ' 21“ I 22“ 23“ I 24“ I 





46 “ 1 45 “ 1 44 ™ 43 “ 


865'’3 949"6 io37''8 

866*6 951*0 1039*3 

868*0 952*4 1040*8 

869*4 953*8 1042*3 

8708 955*3 1043*8 
872*1 9567 1045*3 

873*5 95^'^ 1046*8 

8749 959*6 1048*3 

876*3 961*1 1049*8 

8776 962*5 1051*3 


879*0 963*911052-8 

88o*4 965*4 1054*3 

881*8 966*9 1055*9 

883*2 968*3 1057*4 

884-6 969*8 1058*9 

886-0 971*2 io6c*4 

887*4 972*7 1062*0 

888*8 974*1 ^^ 63*5 

890*2 975’5 1065*0 

891*6 977*0 1066*5 

893*0 978*5 1068*1 

894*4 979*9 1069*6 

895*8 981*4 1071*1 

897*2 982*9 1072*6 

898*6 984*4 1074*2 

900*0 985*8 1075*7 

901*4 987*3 1077*2 

902*8 988*8 1078*7 
904*2 990*3 1080*3 

905*6 991*8 io 8 i *8 

907*0 993*2 1083*3 

908-4 994*7 1084*8 

909*8 996*2 1086-4 

911-2 997*6 1087*9 

912*6 999*1 1089*5 

914*0 ioco *6 1091*0 
915*5 1002*1 1092*6 
916*9 1003*5 1^94*1 
918*3 1005-0 1095*7 
919*7 1006-5 1097*2 
921*1 1008*0 1098*8 
922*5 1009*4 1100*3 
923*9 1010*9 
925*3 1012*4 1103*4 
926-8 1013*9 1105*0 
928*2 1015*4 1106*5 
929*6 1016*9 1108*1 
931*0 1018*4 1109*6 
932*4 1019-9 1111*2 
933*8 1021*4 1112*7 
935-2 1022*8 1114*3 
936*6 1024*3 
938*1 1025*8 1117*4 
939*5 1027*3 ”18*9 
940*9 1028*8 1120*5 
942*3 1030*3 1122*0 
943*8 1031*8 1123*6 
945*2 1033*3 1125*1 
946*6 1034*8 1126*7 
948*1 1036*3 1128*31 
949*6 1037*8 1129*9 


38 “ 37 “ I 36 “ I 36 “ 


131*4 59 
13 30 68 
134*6 67 
136*2 66 
137*8 65 
139*3 64 
140-9 53 
142*5 52 
144*0 61 

hY’ 6 

147*2 49 
148*8 48 
150*4 47 
152*0 46 
153*6 46 

155- 2 44 

156- 8 43 
158-3 42 
i 59‘9 41 
i6i*5 40 
163*1 39 
164*7 38 
i66*3 37 

167*9 36 
169*5 
171*1 
172*7 

174*8 

J 75-9 
177*5 30 
179*1 29 
180*7 28 
182*3 27 
183*9 26 
185*5 26 
187*1 24 
i 88*7 23 
190*3 *22 

191-9 

193-5 20 
195*1 19 
196 7 18 

198*3 17 
199*9 16 

201*5 16 
203*1 14 
204*7 13 
2o6*4 12 


209*6 10 
211*2 9 

212*0 8 


11 Hours 


















TABLE 49 


TABLE 50 645 


For Computing the RED^ to the MER^ in SEC®®. 


s. 25'« 26™ 



For COMPUTING 
the 2 <i REDUCTION 
IN SECONDS 

Hour 2nd IIour l2n(l 
Ang;lH. Keel. AngIf*.;Red. 

10™ 0^ 0^1 23™60»* 3'o 

11 0 o i 24 0 31 

H 30 0 2 24 10 3*2 

12 0 0 2 24 20 3*3 

12 30 0-2 24 30 3*4 

13 0 0*3 24 40 3*4 

13 30 0-3 24 60 3 5 

14 0 0 4 25 0 3 6 

14 30 0-4 25 10 3’7 

15 0 0-5 2 6 20 3 8 I 

15 30 0*5 25 30 ' 3*9"! 
16* 0 0*6 25 40 4*0 

16 30 0 7 25 50 4*1 

17 0 0*8 26 0 4*3 

17 30 0 9 26 10 4*4 

16 0 10 26 20 4*5 

18 30 ri 26 30 4 6 

19 0 1-2 26 40 47 
19 30 1*3 26 60 4*8 
19 40 1-4 27 0 5*0 

19 50 1*4 27 10 51 

20 0 1-5 2720 52 
20 10 1*5 27 30 5*3 
20 20 1-6 27 40 5*5 
20 30 1*6 27 60 5 6 

20 40 17 26 0 5*7 1 
20 60 1-8 28 10 5*9 

21 0 1-8 28 20 6-0 
21 10 1*9 26 30 6-1 
21 20 1*9 28 40 6*3 
21 30 2*0 28 50 

21 40 2*1 29 0 6*6 

21 60 21 29 10 6*7 

22 0 2*2 29 20 6*9 
22 10 2-2 29 30 7*1 
22 20 2-3 29 40 7*2 
22 30 2 4 29 50 7 4 
22 40 2*5 30 0 7*5 

22 50 2 5 30 10 7*6 

23 0 2-6 30 20 '7*9 

23 10 2*7 30 30 8-1 
23 20 2-8 30 40 8*2 
23 30 2-8 30 60 8-41 
23 40 2 9 31 0 8*6 
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TABLE 51' 


CORRECTION OF THE ALTITUDE OF THE POLE-STAR FOR 1878 . 



0 ® 

so® 

50 ® 

70 ® 

sub. 

sub. 

sub. 

sub. 

i°i 6 ' 

l°l& 

i°i 6 ' 

i®i 6 ' 

1 18 

I 18 

1 18 

1 18 

I 20 

I 20 

1 20 

1 20 

I 20 

I 20 

I 20 

1 20 

I 19 

I 19 

I 19 

I 19 

1 17 

I 17 

I 17 

1 17 

* 15 

I 15 

I 15 

1 15 

I 12 

I 12 

I 12 

I 12 

I 10 

I 10 

1 10 

1 10 

* 9 

I 8 

I 8 

I 8 


Altitudes 

( 

30® 

0 

0 

70® 

add 

add 

add 

I®l6' 

I®l6' 

1^17' 

I 18 

1 18 

I 18 

1 20 

1 20 

1 20 

I 20 

1 20 

1 20 

I 19 

1 19 

I 19 

I 17 

I 17 

I 17 

I 15 

* 15 

* 15 

1 12 

1 12 

I 13 

I 11 

1 11 

III 

I 9 

.1 «9 

» 9 


6 50 o 8 o 8 

7 O o 5 04 

7 10 o I 01 
add add 
7 20 02 03 


0200 
add ' add 


18 50 08 09 o 10 oil o 14 

19 O 05 05 06 08 010 

19 10 01 02 03 0407 

sxih. sub. Sub. 

19 20 02 02 01 00 03 


7 80 I o 6 0 6 


o Sou 










TABLE 52 


table 53 
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REDUCTION OF LATITUDE 

(Compression — 

300^ 

Lat. 

Red. 

LhL 

Red. 

Lilt. 

1L*(L 

0° 

0 

0" 

30° 

9 

55 

80° 

9 

57" 

1 

0 

24 

31 

10 

7 

81 

9 

45 

2 

0 

48 

32 

10 

1 8 

82 

9 

32 

3 

1 

12 

33 

10 

28 

83 

9 

18 

4 

I 

35 

34 

JO 


84 

9 

4 

5 

I 

59 

35 

10 

46 

85 

8 

49 

6 

2 

23 

30 

10 

54 

88 

8 

33 

7 

2 

46 

37 

1 1 

I 

87 

8 

17 

8 

3 

9 

38 

i I 

8 

f58 

8 

0 

9 

J_ 

32 

39 

1 1 

13 

09 

J7_ 

4^ 

10 

3 

55 

40 

1 1 

18 

70 

7 

24 

11 

4 

17 

41 

1 1 

22 

71 

7 

5 

12 

4 

39 

42 

1 1 

25 

72 

6 

46 

13 

5 

I 

43 

1 1 

27 

73 

6 

26 

14 

5 

22 

44 

n 

28 

74 

6 

6 

15 

5 

43 

45 

1 1 

29 

75 

5 

45 

18 

6 

4 

48 

1 1 

28 

78 

5 

24 

17 

6 

24 

47 

1 1 

27 

77 

5 

3 

18 

6 

44 

48 

1 1 

25 

78 

4 

41 

19 1 


3 

49 1 

1 1 

22 

79 

4 

>9 

20 

7 

22 

50 

1 1 

"19 

80 

3 

56 

21 

7 

40 

51 

1 1 

14 

81 

3 

33 

22 

7 

57 

52 

1 1 

9 

82 

3 

10 

23 

8 

14 

53 

1 1 

3 

83 

2 

47 

24 

8 

31 

54 

10 


84 

2 

24 

25 

8 

46 

65 

10 

48 

85 

2 

0 

28 

9 

2 

60 

10 

39 

80 

I 

36 

27 

9 

16 

57 

10 

30 

»7 

1 

12 

28 

9 

30 

58 

10 

20 

88 

0 

48 

29 

9 

43 

59 < 

10 

9 

89 

0 

24 


CORRECTION OF THE liUNAR DISTANCE 

FOR THE COXTHACTIOK OF THE VERIICAL 

semidiameter 

Angle between the Lnn.Dist. and the Plumb Line 
/Vlt. , , 

QO I I, JO 2()0 I 3()0 I 40 '' j 50 ° I 00 ° j 70 ° I 80 ° | 90 ° 


" 149 " 45 " 38" 30" 2i"|i3' 

I 3 S 3 ^ ^7 21 I 15 I 9 

' 24 22 19 15 j 10 I 6 

I '9 18 15 12 I 8 I 5 




For the uenre-,t Limb, &uh.; for the farthest Limb, add. 


TABLE 54 


ERKOR OF OBSERVATION ARISING 
FKOxM ERROR OF PARALLELISM 

Ol T I Error of Pcirallellsm «>f the Telescope 


Angle. 

10 ' 

20 ' 1 30 ' 40 ' 50 ' 

V 

' 0 ' 

1 » 10', 1° 

20 ' 

10 ° 

0' 

o'" 

O' 

i"o' 

1" 0 

2"©' 

4 " 

0 

6 " 

0 

f o' 


20 

0 

op 

ijo 

30 

sl® 

8 

0 

1 1 

0 

15 0 

20 

30 

0 


0 

2:0 

40 

7 ‘o 

12 

0 

17 

0 

23 0 

30 

40 

0 


0 

3 \o 

6 0 

10,0 

16 

0 

23 

0 

31 0 

40 

50 

0 


0 

3,0 

80 

130 

20 

0 

29 

0 

40 0 

5 ^ 

80 

0 


0 

4:0 

90 

160 

25 

0 

36 

0 

49 ^ 

4 

70 

0 


0 

5,0 

1 1 p 

2o[o 

31 

0 

44 

I 

0 I 

18 

80 

0 

.0 

6'o 

130 

230 

37 

0 

53 

I 

12 I 

33 

90 

0 

2 

0 

7I0 

160 

28 0 

44 

I 

3 

I 

26 1 

5 * 

100 

0 

2 

0 

80 

190 

330 

52 

I 

15 

I 

42 2 

13 

no 

0 

3 

0 

10:0 

220 

4c I 

2 

I 

30 

2 

2 2 

39 

120 

0 

3 

0 

izjo 

270 48p 

16 

I 

49 

Z 

28 3 

14 



FOR CORRECTING THE LUNAR DISTANCE 

FOR THE SPHEROIDAL FIGURE OP THE EARTH 

I 3Ioon’s Altitude 


0 ° or 90° 

3 .. «7 
6 .. 85 
8 .. 82 
10 .. 80 
13 .. 77 

10 .. 74 

19 .. 71 
22 .. 08 
28 .. 04 
31 .. 09 
37 .. 63 


0° 10° 20° 


o 20 40 

o 30 7© 

o 50 no 

o 70 140 

o 90 170 

o no 200 

o 120 240 

o 140 270 

o 160 310 

o 180 340 

o 190 370 

O. 200 390 


90 100 

I 150 170 

240 270 

300 340 

380 430 

460 530 

540 610 

610 690 

690 780 

770 870 

840 950 

900 • 990 


120 120 
200 200 
310 310 

380 390 

490 500 

600 610 

690 700 

780 790 

890 900 

990 1010 
1080 1 100 
1120 1140 
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TABLE 56 


FOR COMPUTING THE MOON'S SECOIft) CORRECTION OF DISTANCE 



















TABLE 67 
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CORRECTION OF THE GREENmCH MEAN TIME 

Foil THE 2d difference OF THE LUNAR DISTANCE 


Diff. of Prop. 
Logs, in the 
>iaut. Aim. 

Interval 

Difi‘. of Prop. 
Logs, in the 
Xaut. Aim. 

Interval | 

Oh 




m 

0 

m 

10 

m 

20 

30 

40 

Eo 

.0 

m 

10 

.n 

20 

m 

30 

m 

0 

m 

10 

ni 

20 

m 

30 

m 

40 

m 

50 

m 

0 

m 

10 

m 

20 

30 

6 

o‘ 

o« 

I* 

i« 

1* 

!*■ 

2» 

2« 

* 2“ 

*2* 

114 

0“ 


14* 

20* 

24* 

28'* 

31 * 

34 * 

35 * 

35 ’ 

12 

o 

I 

I 

2 

3 

3 

3 

4 

4 

4 

120 

0 

8 

15 

21 

26 

30 

3 ^ 

36 

37 

37 

18 

o 

1 

2 

3 

4 

4 

5 

5 

6 

6 

126 

0 

9 

ib 

22 

27 

31 

34 

37 

39 

39 

24 

o 

z 

3 

4 

5 

6 

6 

7 

7 

7 

132 

0 

9 

17 

^3 

28 

33 

3 <> 

39 

40 

41 

30 

o 

2 

3 

5 

6 

7 

8 

9 

9 

9 

138 

0 

9 

18 

24 

30 

34 

37 

41 

42 

43 

36 

o 

2 

4 

6 

8 

9 

10 

11 

11 

II 

144 

0 

10 

18 

25 

31 

36 

39 

43 

44 

45 

42 

o 

3 

5 

7 

9 

10 

11 

12 

13 

14 

150 

0 

10 

19 

2b 

32 

37 

40 

44 

47 

47 

48 

o 

3 

6 

8 

10 

12 

13 

14 

15 

15 

156 

0 

II 

20 

27 

33 

39 

42 

46 

48 

48 

54 

o 

4 

7 

9 

12 

13 

15 

16 

17 

17 

162 

0 

1 1 

21 

28 

35 

40 

44 

48 

50 

50 

60 

o 

4 

7 

lO 

13 

15 

16 

18 

i8 

19 

168 

0 

1 1 

21 

29 

36 

42 

45 

50 

5 ^ 

5 ^ 

66 

o 

4 

8 

II 

14 

16 

18 

19 

20 

20 

174 

0 

12 

22 

30 

37 

43 

47 

51 

53 

54 

72 

o 

5 

9 

12 

15 

18 

19 

21 

22 

22 

180 

0 

12 

23 

31 

39 

45 

49 

53 

55 

■56 

78 

o 

5 

10 

13 

17 

19 

21 

23 

24 

24 

186 

0 

12 

24 

32 

40 

4b 

50 

55 

57 

58 

84 

o 

6 

lO 

14 

18 

21 

23 ! 

^5 

26 

26 

192 

0 

13 1 

24 

33 

41 

48 

5 » 

57 

59 

6c 

90 

o 


II 

15 

19 

22 

241 

27 

28 

28 

198 

0 

13 

25 

34 

43 

49 

53 

58 

61 

62 

96 

o 

7 

12 

17 

21 

^5 

26 

28 

29 

30 

204 

0 

14 

26 

35 

44 

51 

55 

60 

63 

63 

102 

o 

; 7 

12 

18 

22 

^5 

27 

30 

31 

32 

210 

0 

14 

26 

36 

45 

5 ^ 

57 

62 

64 

6 ^ 

108 

^ i 

l-L 

13 

19 

23 

27 

29 

3 ^ 

33 

33 

216 

0 

14 

27 

37 

46 

54 

ii 

64 

66 

67 


m 

m 

m 

m 

m 

ni 

ni 

ni 

•n 

m 


m 

m 

m 

m 

i m 

m 

fn 

m 

m 

„ 


0 

60 

40 

30 

20 

10 

0 

50 

40 

30 


0 

50 

40 

30 1 20 

10 

0 

1 50 1 40 

80 


3^ 


l‘» 


3 ^ 

2h 

1 


Interval 


Interval 
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TABLE 59 



TABLE 69 A 






















TABLE 59 
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AMPLITUDES 


Lat. 


Declination 


m 

m 

21° 

21i° 

22° 

22J° 

23 ° 

23 i° 

0 

0 

0 

0 

0 

0 

0 

0 

20*0 

20*5 

21*0 

21*5 

12*0 

22*5 

23*0 

23-5 

20*3 

20*8 

21*3 

21*8 

22*3 

22*9 

23*4 

23*9 

20*8 

21*3 

21*8 

22*3 

22*8 

23*3 

23*9 

24*3 

21*3 

21*9 

22*4 

22*9 

23*5 

24*0 

24*6 

25-1 

22*5 

22*7 

^ 3*3 

23*8 

24*4 

24*6 

25*5 

26*1 

23*3 

23*8 

24-4 

25*0 

25*6 

26*2 

26*8 

27-4 

23*8 

24*4 

25*0 

25*6 

26*2 

26*8 

27*4 

28*0 

24*4 

25*0 

25*6 

26*2 

26*8 

27*5 

28*1 

28-7 

24*7 

25*3 

25*9 

26*6 

27*2 

27*8 

28*5 

29*1 

2C*0 

25*6 

26*3 

26*9 

27*6 

28*2 

28*9 

^ 9*5 

25*3 

26*0 

26*7 

27*3 

28*0 

28*6 

29*3 

29-9 

25*7 

26*4 

27*0 

27*7 

28*4 

29*0 

29*7 

30*3 

26-1 

26*8 

27*5 

28*1 

28*8 

29*5 

30*2 

30*8 

26*5 

27*2 

27*9 

28-6 

29*3 

30*0 

30*7 

3**3 

26-9 

27*6 

28*3 

29*0 

29*8 

30*5 

31*2 

31*8 

27*4 

28*1 

28*8 

29*5 

30*3 

31*0 

31*7 

32*4 

27*8 

28*6 

29-3 

30*1 

30*8 

31*5 

32*3 

33*0 

28*4 

29* 

29*8 

30*6 

3**4 

32*1 

32*9 

33*6 

28*9 

29*7 

30*4 

31*2 

32*0 

32*8 

33*5 

34*3 

.29*5 

30*3 

3**0 

31*8 

32*6 

33*4 

Ji‘1. 

35*0 

30*1 

30*9 

3**7 

32*5 

33*3 

34 ** 

34*9 

35*7 

30*7 

31*6 

32*4 

33*2 

34*0 

34*8 

35*7 

36*5 

3**4 

32*3 

33 ** 

33*9 

34*8 

35*7 

36*5 

37*4 

32*1 

33*0 

33*9 

34*8 

35*6 

36*5 

37*4 

38*3 

32‘9 

33'8 

34*7 

35*6 

36*5 

37*5 

38*4 

39*3 

33*7 

34*7 

3 S '6 

36*5 

37*5 

38*4 

39*4 

40*3 

34*6 

35*6 

36*5 

37*5 

38*5 

39*5 

40*5 

4**4 

35*6 

36*6 

37*6 

38'6 

39*6 1 40*6 

4**7 

42*6 

36*6 

37*6 

38*7 

39*7 1 40-8 

. 41*8 

42*9 

44*0 

37*7 

38*8 

39*8 

40*9 

Jf’JL 

43*2 

44*3 

45*4 

38*9 

40*0 

41-1 

42*3 

43*4 

44*6 

45*8 

47*0 

40*2 

4*-7 

42-5 

43*8 

45*0 

46*2 

47*5 

48*7 

41*6 

42*8 

44 ** 

45*4 

46*7 

48*0 

49*3 

50*6 

43*2 

44*5 

45*8 

47*1 

48*5 

49*9 

5**4 

52-8 

44*8 

46*2 

47*7 

49*1 

50*6 

52*1 

53*7 

55*2 

46*8 

48*2 

49*8 

5**3 

52*9 

54*6 

56*3 

58*0 

48*8 

50*5 

521 

53*8 

55*6 

57*4 

59*4 

6i*3 

5**3 

53*0 

54*8 

56*7 

58*7 

6o*8 

63*0 

65-3 

54*0 

56*0 

58*0 

6o*i 

62*4 

64*9 

67-6 

70*4 


i6-o 

i6*2 

i6-6 

17*1 


i6’51 

1 6 - 7 | 

*7 , 

17- 6| 


I 7 * 7 |i 8 * 3 | 
i8‘6| 
i9'o! 

*9*4 
19*6 
19-9 


19*0 

20*0 

20*3 

20*5 


17 *' 

1 7 - 3 i 
i7*7| 

18- i 

18- 8 

19 - 7 

20 - 2 
20*6 
20*9 
21-2 


*7*5 

i7'8! 

18 

i8-7| 

19*41 

20*3 

2 0- 8| 

2 - 1*3 

21- 5 
21-8 


18- o 

i8*3| 

18*7' 

19*2 

19- 9 
20*9 
21*4 
21'9 
22*2 
22*4 


18-5 

i8-8 


19*2 
*9*7| 
20*5 
21*5 
22*0 
22‘5 
22 ' ‘ 
3 *i| 


19*0 
* 9*3 
* 9 * 7 l 
20*3 
2ro| 
22- 
22 * 6 | 
.,^ 3 * , 
81^3*4 

237 


*9*5 

*9*9 

202 

20*8 

2'^‘6 

227 

23*2 

^ 3*7 

24-0 

24-4 


20*5 

20-8 


21*4 

21*8 


22*1 
22 * 
22 •91 
23‘4 


20*8 

21*1 

21*4 

21*8 

22-1 

22*51 

22 * 


21*51 

2I*8| 

22*1 


22*4 23* 


5 h *3 


*2 

^ 3*71 

H' 


22*8 
23*2 
8| 23*6 
24*0 
24-4 
4-8 


23* 
^• 3 ' 
24*8| 
^ 5 *- , 

26*0 

26*6| 

27*31 

28*0 

287 

29*5 


8] 24* 6] 

25* , 

I5-6] 

•426' 

26*81 

27- 

28*2 

28*9 

29*71 

3 o- 5 > 


23*8 
24*3 
24-7 
25*2 
25*6 
25*41 26*2 
25*9 267 


26*5 

27*0 


277 28*5 


30*4 

3**3 

32*3 

33*4 

34*6 

35*9 

37*4 

39*0 

40*7 


5128*3 

29*1 

29*8 

30*61 

3**5 


3**4 

32*4 

33*5 

34*6 

35*8 

37*2 

38*7 

40*4 

42*2 


32 ’ 5 | 
33*5, 
34*6 
35*8| 
37*1 
38 * 5 | 
40*1 
4** , 
43*8 


22*8 
22*4| 23 * I 

~ 23*41 

23*8 


22*8 


23*4| 

23 

24*1 


24*0 

24*4 

24*8 


24*5 25*1 


23*5 24*2 


27*3 

27*81 


29*2 

30*0 

30*8 

31*6 

32*5 


33*5 

34*6 

35*7 

37*0 

387 

39*8 

,4**5 

8|43*3 

45*4 


24*6 

25’oj 

25'6| 

25*., 

26*4! 

26*9 

27*5 

28 

28*7! 

29*4| 

30* 

30*9 

31*7 

32*6 

33*S 


24*8' 

25*3 


25*5 

26*0 


5 * 7126 * 4 ! 
26-2 

9 | 26*7 

7*2' 


24*7 

25*1 

25*4 

25*8 

26*2 

26*7 

27* 


27*71 

28*3 

28*9 

29*61 

30*31 

3**0 

3**8 

32*7! 

33'6i 

34*6 


34* 

35*7| 

36*8 

38* 

39*6 

41*2 

42*9 

44*8 

47*0 


5 35*6 
36*8 
38*0! 

39*4 

40*8 

42*5| 

44*3, 

46*4 

48*7 


26*9j 27*6 
27*4| 28*2 
27*9 1 

29*3 


28*5 

29*1 

29*7 

30*4 

31*1 

31*9 

32*7 

33*6 

34*6 

35*6 


29*9 

30*6 

3**3 

32-0 

32*8 

33*7 

34*6 

35*6 

36*6 


36*7 

37*9 
39*2 
40* 6> 
42*2 
43*9 
45*8 
48*01 
50*4 


37*8 

39*0 

40*4 

419 

43*5 

45*3 

47*3 

49*6 

52*2 


TABLE 5 ) A 


CORRECTION OF THE AMPLITUDE 
OBSERVED ON THE HORIZON, 

FOR THE EFFECT OF REFRACTION. 

(Height of the Eye, 16 feet.) 


Declination 


Lat. 

0° 

10 ° 

15° 

18° 

20° 

22° 

23° 

24° 

0 

0 ° 

0 ° 

0 ° 

0 ° 

0° 

0 ° 

0° 

0 ° 

10 

0*1 

0*1 

O’l 

0*1 

O’l 

O’l 

0*1 

0*1 

20 

0*2 

0*2 

0*2 

0*3 

0*3 

0-3 

0*3 

0*3 

30 

0*3 

0*3 

0*3 

0-3 

0-4 

0*4 

0*5 

0*5 

40 

0*5 

0*5 

0*7 

0-7 

0*7 

0-8 

0*8 

0*8 

50 

0*7 

0-8 

0*9 

0*9 

0*9 

jo-9 

wm 


55 

0*9 

0*9 

I'l 

1*2 

1*3 

1*3 

Ba 

HU 

60 

!•! 

i*i 

*•3 

*’4 

*•5 

**7 



65 

1-3 

**4 

1*9 

2-3 



m 

■ 
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TABLE 60 


DECLINATION OF THE SUN, for the Yrar 1877, // ^ 

At Apparent Noon at Greenwich, 


Dayi Jan. 


2 a^59 'S i6 °59'S 

22 53 i 6 41 




April 

4°4aN 

5 

5 

5 

28 

5 

51 

6 

14 

6 

36 

6 

59 

7 

21 

7 

44 

8 

6 

8 

28 

8 

50 

9 

11 

9 

33 

9 

55 

10 

16 

10 

,37 

10 

58 

1 1 

19 

1 1 

39 

12 

0 

12 

20 

12 

40 

»3 

0 

13 

19 

13 

38 

13 

58 

14 

17 

14 

35 

14 

,54 


y June July 

) 22 15 23 2 

► 22 22 22 57 

; 22 29 22 52 

i 22 36 22 46 

I 22 42 22 40 

; 22 48 // 34 

i 22 54 22 27 

1 22 59 22 20 

1 23 3 22 13 


i7°57'N 8°io'N 
17 42 7 48 




i4°34'S 21^53 S| 

14 53 22 2 I 


Dkclinatios of the Siik, for 1878. t 0 , 


1 23° o'S 

2 22 55 

3 22 49 

4 22 43 

5 22 36 

6 22 29 

7 [22 22 

8 22 14 

9 22 5 

10 21 56 

11 21 47 

12 21 37 

13 21 27 

14 21 17 

15 21 6 

1 (j 20 54 

17 20 43 

18 20 31 
J9 20 18 

20 20 5 

21 19 52 

22 19 38 

23 19 24 

24 19 10 

25 18 55 
r 8 40 

27 18 26 

28 18 9 

29 17 53 
.30 J7 37 
,31 17 20 


15' 

7 'N 

22' 

' 5 'N 

.3' 

'/N 

18 

o'N8^i5'N 

3 ' 

>14'S 

15 

25 

22 

13 

23 

3 

17 

45 

7 

53 

3 

38 

15 

43 

22 

20 

22 

58 

>7 

29 

7 

3 * 

3 

I 

*5 

I 

22 

28 

22 

53 

*7 

14 

7 

9 

4 

24 

1 6 

18 

22 

34 

22 

48 

16 

57 

6 

47 

4 

47 

16 

35 

22 

41 

22 

42 

16 

41 

6 

24 

5 

10 

16 

5 * 

22 

47 

22 

36 

16 

24 

6 

2 

5 

33 

17 

8 

22 

52 

22 

29 

1 6 

7 

5 

39 

5 

56 

17 

24 

22 

57 

22 

22 

15 

50 

5 

17 

6 

19 



23 

2 

22 

>4 

15 

33 

4 

54 

6 

42 

*7 

55 

23 

6 

22 

7 

15 

15 

4 

3 * 

7 

5 

18 

10 

23 

10 

21 

58 

H 

57 

4 

8 

7 

27 

iS 

25 

23 


21 

50 

H 

39 

3 

45 

7 

50 

18 

40 

23 

*7 

21 

4 » 

*4 

21 

3 

22 

8 

12 

18 

54 

23 

20 

21 

3 ^ 

14 

2 

3 

59 

3 

34 

*9 

8 

23 

22 

21 

22 

13 

43 

2 

36 

8 

57 . 

*9 

22 

23 

24 

21 

12 

*3 

24 

2 

*3 

9 

*9 

*9 

35 

23 

25 

21 

1 

n 

5 

,i 

49 

9 

40 


I4°29'S 2i°5i'S 

14 48 22 c 


113 34 21 9 

113 53 ao 


14 49 2Z 48 
21 57 


23 26 20 51 12 45 
23 27 20 40 12 25 
23 27 20 28 12 5 

23 27 20 16 II 45 

23 27 20 4 II 25 

23 26 19 52 II 5 

^3 24 *9 39 *0 44 

23 22 19 26 10 23 

23 20 19 1210 2 

23 18 18 59 9 41 

23 14 18 44 9 20 

23 II 18 30 9 58 

18 15 8 36 


5 

0 40 

II 45 

0 16 

II 25 

0 7 

11 5 

0 31 

10 44 

0 54 

10 23 

I 17 

10 2 

I 41 

9 41 

2 4 

9 20 

2 28 

9 58 

2 51 

8 36 
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DECLINATION OF THE SUN, roa thi Yiia 1879, 
Al Apparent Noon at Greenwich. 


Day! Jan. 


23°i'S 117® 7'S |7®36'S 
22 50 ii6 50 |7 14 

22 50 1 6 32 6 51 

22 44 16 14 6 28 

22 38 15 56 64 

22 31 15 38 5 41 

22 23 15 19 5 18 

22 16 15 I 4 

22 7 H 41 4 31 

21 58 14 22 ;4 8 

^49 *4 ^ 3 44 ~~ 
21 40 13 43 3 21 

21 30 13 23 2 57 

21 19 13 2 2 33 

21 8 12 42 210 

20 ^7 12 21 1 46 


15® 

3'N 

22^ 

3 'N 

»s 

21 

22 

II 

*5 

39 

22 

19 

*5 

56 

22 

26 

16 

*4 

22 

33 

16 

3 » 

H 

39 

16 

47 

22 

45 

17 

4 

22 

51 

17 

20 

22 

56 

'Z_ 


23 

I 

*7 

5 * 

23 

5 

18 

7 

^3 

9 

18 

22 

23 

n 



l22®3'N23°8'N 18® 4'> 
22 II 23 4 17 49 
22 19 22 59 17 33 
22 26 22 54 17 17 
22 33 22 49 17 I 
39 22: 43 16 45 
22 45 22 37 16 28 
22 51 22 30 16 12 

22 56 22 23 15 54 

.^3 I 22 1 5 37 

23 5 22 8 15 19 

23 9 22 o 15 I 

23 13 21 52 14 43 
23 16 21 43 14 25 
23 19 '21 34 14 6 

23 21 j2I 24 13 47 
23 23 21 14 13 29 
23 25 21 4 13 9' 

23 26 20 S3 12 50 
23 27 20 42 12 30 
23 27 20 31 ,12 10 
23 27 20 19 11 50 
23 27 20 711 30 

23 26 19 S5 11 9 

23 25 19 42 10 49 
23 23 19 29 10 28 
23 21 19 16 10 7 

23 18 19 2 9 46 

23 15 18 48 9 25 

23 12 18 34 ! 9 3 

18 19 I 8 42 


4'Ni8®2o'N 


Declikation of the Son, for 1880 . ^ / S 


\ a3®2'S 

2 22 57 

3 22 52 

4 12 46 

5 22 39 

6 22 32 

7 22 25 

8 22 17 

9 22 9 

22 

'1 21 52' 

^ 4a 

13 21 32 

14 21 22 

15 21 JI 

16 21 O 

17 20 48 

18 20 36 

19 20 24 

20 20 I! 

21 19 58* 

22 19 45 
23' 19 31, 

24 19 17 

25 19 2 

26 18 47 

27 18 32 

28 18 17 i 

29 18 I 
SO 17 44 
31 17 zS 


i7®n'S 17 ®I 9 'S 

16 54 6 56 


10 

40 

0 

30 

12 

5 

10 

18 

0 

54 

12 


9 

56 

I 

18 

12 

45 

9 

34 

1 

41 

13 

5 

9 

12 

2 

5 

*3 

24 

8 

50 

2 

28 

13 

44 

8 

27 

2 

52 

14 

3 

8 

5 

3 

IS 

*4 

22 

7 

42 

3 

39 

14 

40 



4 

2 

.14 

59 


I 22®9'N 23^ 
22 17 23 
22 24 22 
22 31 22 
22 38 22 
22 44 22 
22 49 22 

22 55 22 

23 O 22 

23 4 22 

23 8 22 

23 12 21 
23 15 21 
23 18 21 
23 21 21 
23 23 21 
23 25 21 
23 26 20 
23 27 20 
23 27 20 
23 27 20 
23 27 20 
23 26 19 
23 25 19 

^3 23 19 

23 21 19 
23 19 19 
23 16 18 
23 13 18 
23 9 18 


*5 'N*i 7®52'N 1 

o 17 37 : 

56 17 21 : 

50 17 5 I 

45 16 49 I 
38 16 32 I 
32 16 16 

25 *5 59 

18 15 41 
10 15 24 

215 6 
54 *4 48 
45 14 29 

36 14 II 

26 13 52 

»7 13 33 

6 13 14 
56 12 54 
45 35 

. 34 __ M 

22 II 55 < 

10 II 35 < 

58 11 14 < 

45 54 ' 

32 10 33 

19 10 12 

5 9 51 

5 * 9 30 

37 9 9 

22 8 47 

8 j 8 25 
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RIGHT ASCENSION OF THE SUN, for the tia» 1877, 
At Apparent Noon at Greenwich. 





Rioht Ascension or the Sun, for 1878. 


' , 

i8 48 

21 

0 

22 

49 

0 

43 

‘2 

ig 

5 ^ 

21 

4 

22 

53 

0 

46 

3 

18 

57 

21 

8 

22 

57 

0 

50 

4 

19 

I 

21 

12 

23 

0 

0 

54 

5 


6 

21 

16 

23 

4 

0 

57 

6 

*9 

10 

21 

20 

23 

8 

I 

I 

7 

19 

14 

21 

24 

23 

12 

I 

5 

8 

19 

*9 

21 

28 

23 

15 

I 

8 

9 

19 

*3 

21 

32^ 

23 

19 


12 

10 


27 

21 

36 

23 



16 

‘]l 

^9 

32 

21 

40 

23 

26 

~Y 

19 

13 

19 36 

21 

44 

23 

30 

I 

23 

19 40 

21 

48 

23 

34 


27 

H 

13 

45 

21 

52 

23 

37 

1 

30 

15 

19 49 

21 

56 

23 

41 

I 

34 

16 

1 >9 

53 

21 

0 

23 

45 

1 

38 

17 

*9 58 

22 

4 

23 48 

I 

4 * 

18 

20 

2 

22 

7 

23 

52 

I 

45 

19 

20 

6 

22 

11 

23 

56 

1 

49 

20 

20 

10 

22 

15 

_23 

59 

I 

53 

21 

20 


22 

19 

0 

3 

I 

56 

22 

20 

18 

22 

23 

0 

6 

2 

0 

23 

20 

a 3 

22 

27 

0 

lO 

2 

4 

24 

20 

*7 

22 

30 

0 

H 

2 

8 

25 

20 

3 * 

22 

34 1 

0 

17 

2 

1 1 

26 

20 

35 

22 

38 1 

0 

21 

2 

15 

27 

20 

40 

22 

42 1 

0 

25 

2 

*9 

28 

20 

44 

22 

45 

0 

28 

i ^ 

23 
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TABLE 61 





RIGHT ASCENSION OF THE SUN, for the Year 187 % 
At Apparent Noon at Greenwich. ^ 



Day 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sc-pt. 

Oct. 

Nov. 

Dec. 


L m 

h 

m 

h 

m 

h 

m 

h 

ta 

h m 

h 

in 

h tn 

h. 

in 

h tn 

h ni 

h m 

1 

i8 47 

20 

59 

22 

48 

0 

42 

2 

33 

4 36 

6 

40 

8 45 

10 

4 ^ 

12 29 

14 25 

16 29 

2 

i8 51 

21 

3 

22 

52 

0 

46 

2 

37 

4 40 

6 

44 

8 49 

10 

45 

12 33 

14 29 

*6 33 

3 

18 56 

21 

7 

22 

56 

0 

49 

2 

4 » 

4 44 

6 48 

8 53 

10 

48 

12 36 

H 33 

16 38 

4 

19 0 

21 

XI 

22 

59 

0 

53 

2 

45 

4 48 

6 

53 

8 57 

10 

52 

12 40 

H 37 

16 42 

5 

19 4 

21 

15 

23 

3 

0 

56 

2 

49 

4 52 

6 

57 

9 0 

10 

56 

12 44 

14 41 

16 46 

6 

19 9 

21 

19 

23 

7 

I 

0 

2 

52 

4 56 

•7 

1 

9 4 

10 

59 

12 47 

14 45 

16 51 

7 

19 *3 

21 

23 

23 

11 

I 

4 

2 

56 

5 I 

7 

5 

9 8 

11 

3 

12 51 

14 49 

I6 55 

R 

19 18 

21 

27 

23 

14 

1 

7 

3 

0 

5 5 

7 

9 

9 12 

1 1 

6 

*2 55 

14 53 

16 59 

9 

19 22 

21 

31 

23 

18 

I 

1 1 

.3 

4 

5 9 

7 

13 

9 16 

XI 

10 

, *2 58 

H 57 

17 4 

10 

19 26 

21 

35 

23 

22 

I 

15 

3 

8 

5 13 

7 

*7 

9 20 

II 

14 

13 2 

»5 1 

17 8 

11 

*9 31 

21 

39 

23 

25 

1 

18 

3 

12 

5 17 

7 

21 

9 23 

1 1 

17 

1.3 6 

15 5 

17 13 

12 

19 35 

21 

43 

23 

29 

1 

22 

3 

16 

5 21 

7 

25 

9 27 

1 1 

21 

13 9 

15 9 

17 17 

13 

*9 39 

21 

47 

23 

33 ^ 

1 

26 

3 

20 

5 25 

7 

29 

9 3 * 

1 1 

24 

13 *3 

15 13 

17 21 

14 

19 44 

21 

51 

23 

36 < 

^ 1 

29 

3 

24 

5 30 

7 

33 

9 3 5 

1 1 

28 

13 17 

15 17 

17 26 

1.5 

19 48 

21 

55 

23 

40 

1 

33 

3 

28 

5 34 

7 38 

9 38 

” 

32 

13 20 

15 21 

17 30 

16* 

19 52 

2T 

59 

23 

44 

1 

37 . 

3 

31 

5 38 

7 

42 

9 42 

1 1 

35 

13 24 

15 26 

17 35 

17 

19 56 

22 

3 

23 

47 

1 

41 

3 

35 

5 42 

7 46 

9 46 

II 

39 

13 28 

15 30 

17 39 

18 

20 I 

22 

7 

23 

51 

I 

44 

3 

39 

5 46 

7 

50 

9 50 

1 1 

42 

n 32 

15 34 

17 44 

19 

20 5 

22 

10 

23 

55 

I 

48 

3 

43 

5 50 

7 

54 

9 53 

1 1 

46 

13 36 

15 38 

17 48 

20 

20 9 

22 

H 

23 

58 

I 

52 

3 

47 

5 55 

7 

58 

9 57 

II 

49 

n 39 

15 42 

17 53 

21 

20 13 

22 

18 

0 

2 

I 

55 

3 

5 » 

5 59 

8 

2 

10 1 

11 

53 

n 43 

15 46 

»7 57 

22 

20 18 

22 

22 

0 

6 

I 

59 

3 

55 

6 3 

8 

6 

10 4 

II 

57 

n 47 

15 51 

18 I 

23 

20 22 

22 

26 

0 

9 

2 

3 

3 

59 

6 6 

8 

10 

10 8 

12 

0 

13 5 * 

15 55 

18 6 

24 

20 26 

22 

29 

0 

13 

2 

7 

4 

3 

6 II 

8 

14 

10 12 

12 

4 

*3 54 

15 59 

18 10 

25 

20 30 

22 

33 

0 

16 

2 

10 

4 

7 

6 15 

8 

18 

10 16 

12 

7 

13 58 

16 3 

18 15 

2fi 

20 34 

22 

37 

0 

20 

2 

14 

4 

11 

6 19 

8 

22 

10 19 

12 

1 1 

14 2 

16 8 

18 19 

27 

20 39 

22 

41 

0 

24 

2 

18 

4 

16 

6 24 

8 

25 

10 23 

12 

15 

14 6 

16 12 

18 24 f 

28 

20 43 

22 

45 

0 

27 

2 

22 

4 

20 

6 28 

8 

29 

10 27 

12 

18 

14 10 

16 16 

18 28 
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EQUATION OF TIME, for the vear 1877, 
For Apparent Noon at Greenwich. 
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3 

34 
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2 

17 
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4 

56 

14 
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MEAN PLACES OF THE PRINCIPAL FIXED STARS 
For Jan. 1st, 1«78. 


a Andromi'daB Alpherntz 2 

y Pegasi ALjenib 2, 3 

a Cassiopoae var. 

/3 Ceti 2 

a Ursae Minoris Polaris 2 

a Eridani Achernnr i 

a Ariuiis ^ 

7* Ceti 3,4 

o Ceti 2, 3 

a Persei 2 

a Tauri Aldebaran 1 

a Aurigae Capelin 1 

B Orionis Riyel 1 

B Tauri 2 

a Culumbae 2 


a Orionis lietelynese 

a Argus Canopus 

a Canis Majoris Sirius 

c Canis Majoris 

a* Geminoruin Cnstor 

a Canis iMinoris Proct/on 

B Gomiuorum Pollux 

15 Argus Nnvi.s 

i Argus 

a Hydras Alpha rd 

a Leonis Regulus 

V Argus 

a Ursse Majoris Dnbhe 

B Leonis 

7 Ur.sae Majoris 

a' Crucis 

a Canum Venaticoruin 

a Virginia Spica 

rj UrssB Majoris 

B Centauri 

« Bodtis Arcturus 

a- Centauri 

a Librae 

a ('oronae Bonalis Alphnccn 

a Serpentis 

/B' iScorpii 

a Scorpii Antarts ' 

a Trianguli Australis 

/8 Draconis 

a Opliluchi 

Draconis 

Lyrae Vega 

a Aquilae Altuir 

a Pavonis 

a Cygni 

a Cephei 

c Pegasi 

a Gruis 

a Piscis Australis Fomalhaut 
a Pegasi Markab 


o 6 57 
o 33 36 

0 2^ 28 
1142 

1 33 10 
2018 
a 36 59 
^ 55 54 

.3 * 5 J 7 _ 

4 ^8 55 

5 7 41 

5 8 40 

5 18 35 
5 35 14 

5 48 34 
62115 

6 39 46 

6 53 so 

7 26 49_ 
"731 55 

7 37 51 

8 221 

9 13 49 

9 35 

10 I 52 
10 40 20 

10 56 II 

11 42 50 

47 ^4 

12 19 49 

12 50 19 

13 18 46 
>3 4» 44 

13 55 >4 

14 10 6 

14 31 21 

14 44 8 

15 29 31 

15 38 16 

15 58 21 

16 21 56 

16 35 46 

17 27 41 

17 29 16 

J7 53 46 

18 32 48 

19 44 50 

20 16 o 

20 37 16 

21 1 5 40 

21 38 12 

22 o 32 
i 50 54 

22 58 41 


Ann. Var. 

Declination 

Ann. Var. 

■ 

0 » H 


+ 3‘09 

28 15 0 N. 

+ 19-9 

3‘o8 

14 30 18 N. 

+ 20*0 

3'37 

55 52 4N. 

+ 19*8 

3*01 

18 39 24 S. 

— 19*8 

21*31 

88 39 31 N. 

+ 19*0 

2*23 

57 51 24 S. 

- 18-4 

3*37 

22 5 3 4 N. 

+ 17*2 

3*10 

2 43 1 3 N. 

+ 15*3 

313 

3 36 36 N. 

+ 14*3 

4-25 

49 25 30 N. 

+ 13-1 

+ 344 

16 15 44 N. 

+ 7*6 

4-42 

45 52 18 N. 

+ 41 

2*88 

8 20 39 S. 

- 4*4 

3*79 

28 30 8 N. 

+ 3*4 

2*1 8 

34 8 23 S. 

— 2*2 

3*25 

7 22 57 N. 

+ 1*0 

1*33 

52 37 47 S. 

+ 1*9 

2*65 

1633 0 S. 

+ 4*7 

2*36 

28 48 26 s. 

+ 4*7 

3-84 

32 9 15^- 

- 7‘5 

+ 3-14 

5 32 9 N. 

- 90 

3‘68 

28 19 9 N. 

- 8-4 

^•55 

23 57 14 S. 

+ lO'I 

i*6o 

58 45 46 S. 

+ >4’9 

2*95 

8 7 51 S. 

+ 15*4 

3*20 

12 33 46 N. 

-17*4 

2*31 

59 2 33 S. 

+ 18*8 

3-76 

62 24 32 N. 

-19*4 

3*06 

15 15 14 N. 

— 20*1 

3*^9 

54 22 22 N. 

— 20*0 

+ 3*27 

62 25 1 3 S. 

+ 19*9 

2*8 I 

38 58 40 N. 

-19*5 

315 

10 31 26 S. 

+ 189 

2*37 

49 55 21 N. 

— i8*i 

4*17 

59 47 * S. 

+ 17*6 

273 

19 49 7N. 

-i8*8 

404 

60 19 39 S. 

+ 15*0 

3-31 

15 32 I S. 

+ 15*2 

2*54 

27 7 35 N. 

-12*3 

_ 5’95_ 

6 48 38 N. 

— II-6 

+ 3*48 

19 28 12 8. 

+ 10*2 

367 

26 9 34 S. 

+ 8*4 

6*29 

68 48 3S. 

+ 7-3 

*'35 

52 23 32 N. 

- 2*8 

2*78 

12 39 1 N. 

- 29 

139 

SI 30 13N. 

- 0*6 

2*03 

38 40 15 N. 

+ 31 

293 

8 32 50 N. 

+ 9*2 

479 

57 7 24 s. 

— II’I 

2 04 

44 50 42 N, 

+ 12*7 

~+ 1*44 

62 4 7 N. 

+ 15*1 

2*95 

9 18 59 N. 

+ i6*3 

3*8i 

47 33 2S. 

— 17*2 

3*33 

3016 7 S. 

— 19*0 

2*98 

14 32 57 N. 

+ 19 3 


Note. In this Table + signifies add, and — suHrnct. 




TABLE C4 


LOGARITHMS OF NUMBKIiS 


0*1)00000 to 2*000000 


1 

0*000000 

2 

o* 301030 

3 

O’ 477 12 1 

4 

O’ 602060 

5 

0*698970 

6 

0*778151 

7 

0*845098 

8 

0*903090 

9 

0*954243 

10 

1*000000 

11 

1*041393 

12 

1*079181 

13 

1*113943 

14 

1*146128 

15 

1*176091 

16 

1*204120 

17 

1*230449 

18 

1*255273 

19 

1*278754 

20 

1*301030 


1*322219 

1*342423 

1*361728 

1*380211 

1*397940 

1 * 4*4973 

1*431364 

1*447158 

1*462398 

1*477121 


1*491362 

1*505150 

1*518514 

1 * 53*479 

1*544068 

1*556303 

1*568202 

1*579784 

1*591065 

1*602060 


1-612784 

1*623249 

1*633468 

1*643453 

V653213 

1*662758 

1*672098 

1*681241 

1*690196 

1*698970 


1*707570 

1*716003 

1*724276 

1*732394 


1*748188 

1*755875 

1*763428 

1*770852 

1*778151 


1*785330 

1*792392 

** 79934 * 

1*806180 


1*892095 


81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

1*908485 

1*9*3814 

1*919078 

1*924279 

1*929419 

1*934498 

1*939519 

*•944483 

1*949390 

* *954243 

91 

1*959041 

92 

1*963788 

93 

1-968483 

94 

1*973128 

95 

1*977724 

96 

1*982271 

97 

1*986772 

98 

1*991226 

99 

*'995635 

100 

2*000000 




No. 

1000 to 1149 





Log. C 

) to 060320 


No. 

0 

1 ' 

2 

3 

4 

6 

6 

7 

8 

9 

D. 

100 

000000 

000434 

000868 

00 1 30 1 

001734 

002166 

002598 

003029 

003461 

003891 

432 

101 

004321 

004751 

005181 

005609 

006038 

006466 

006894 

007321 

007748 

008174 

428 

102 

008600 

009026 

009451 

009876 

010300 

010724 

01 1 147 

011570 

011993 

012415 

424 

103 

012837 

013259 

013680 

014100 

014521 

014940 

015360 

0*5779 

016197 

016616 

420 

104 

017033 

01745 1 

017868 

018284 

018700 

019116 

019532 

019947 

020361 

02077s 

416 

105 

021189 

021603 

022016 

022428 

022841 

023252 

023664 

024075 

024486 

024896 

412 

106 

025306 

025715 

026125 

026533 

026942 

027350 

027757 

028164 

028571 

028978 

408 

107 

029384 

029789 

030195 

030600 

031004 

03 1408 

031812 

032216 

032619 

033021 

404 

108 

033424 

033826 

034227 

034628 

035029 

035430 

035830 

036230 

036629 

037028 

400 

109 

037426 

037825 

038223 

038620 

039017 

039414 

039811 

040207 

040602 

040998 

J97 

llO 

041393 

041787 

042182 

042576 

042969 

043362 

043755 

044148 

044540 

044932 

393 

111 

045323 

0457*4 

046105 

046495 

046885 

047275 

047664 

048053 

048442 

048830 

389 

112 

049218 

049606 

049993 

050380 

050766 

05**53 

051538 

051924 

052309 

052694 

386 

113 

053078 

053463 

053846 

054230 

054613 

054996 

055378 

055760 

056142 

056524 

383 

114 

056905 

057286 

057666 

058046 

058426 

058805 

059185 

059563 

059942 

060320 

379 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D. 

1 2 

S 4 

5 ( 

S 7 

3 9 1 

D. I 

2 3 4 

5 6 

7 8 

9 


378 38 76 1 13 151 189 227 265 302 340 408 41 82 122 163 204 245 286 326 367 

380 38 76 114 152 190 228 266 304 342 410 41 82 123 164 205 246 287 328 369 

382 38 76 1 15 153 191 229 267 306 344 412 41 82 124 165 206 247 288 330 371 

384 38 77 115 154 192 230 269 307 346 414 41 83 124 166 207 248 290 331 373 

386 39 77 116 154 193 232 270 309 347 416 42 83 125 166 208 250 291 333 374 

388 39 78 116 155 194 233 272 310 349 418 42 84 125 167 209 251 293 334 376 

390 39 78 ii; 156 195 234 273 312 351 420 42 84 126 168 210 252 294 336 378 

392 39 78 118 157 196 235 274 314 353 4*22 42 84 127 169 211 253 295 338 380 

394 39 79 1 18 158 197 236 276 315 355 424 42 85 127 170 212 254 297 339 382 

396 40 79 ir9 158 198 238 277 317 356 426 43 85 128 170 213 256 298 341 3^3 

398 40 80 119 159 199 239 279 318 358 4*28 43 86 128 171 214 257 300 342 385 

400 40 120 j6o 200 240 280 32fo 360 430 43 86 129 172 215 258 301 344 387 

402 4.0 80 121 161 201 241 281 322 362 432 43 86 130 173 216 259 302 346 389 

404 40 81 121 162 702 242 283 323 364 434 43 87 130 174 217 260 304 347 39 * 

406 41 81 122 162 203 244 284 325 365 















TABLE 64 


661 




LOGARITHMS 

OF NUMBERS 





No. 1160. to 1499 




Log. 06069S to 175802 


0 ' 1 1 

2 1 

3 1 

4 1 

5 

0 


8 1 

9 

' 1 


115 060698 061075 061452 061829 062206 

116 064458 064832 065206 065580 065953 

117 068186 068557 068927 069298 069668 
116 071882 072250 072617 072985 C73352 
111) 075547 075912 076276 076640 077004 



161) 113943 

161 117271 

162 120574 
166 123852 
161 127105 

165 130334 

166 133539 

167 136721 
13H 139879 
166 143015 


140 146128 

141 149219 

142 152288 

146 155336 

144 158362 

145 161368 
MO 164353 

147 167317 

148 170262 
\49 173186 



116940 33 
12024s 33 
123525 32 
126781 32 
130012 32 
133219 32 
136403 31 
139564 31 
142702 31 
145818 31 


148911 309 
151982 307 
155032 305 
158061 303 
161068 301 
164055 299 
167022 297 
169068 295 
172895 295 
175802 291 


1 ). 1 
200 29 
292 29 
204 29 
200 30 
208 30 

600 30 
602 30 

604 30 
606 3 1 

608 31 

310 31 
612 31 

314 31 

316 32 
318 32 
320 32 
322 32 
324 32 
326 33 
328 33 
330 33 
.4.12 33 


4 9 

116 145 

117 146 

I 18 147 

118 148 

119 149 

120 150 

1 2 1 15I 

122 152 

122 153 

123 154 
1^4 *55 

125 156 

126 157 

126 158 

127 159 

128 160 

129 161 

130 162 

130 163 

13 1 164 

132 165 

133 166 


6 7 

174 203 

175 204 

176 206 

178 207 

179 209 

180 210 
iSi 211 
182 213 

184 21.} 

185 216 
1S6 217 

187 218 

188 220 

190 221 

191 223 

192 224 

193 225 

194 227 

196 228 

197 230 

198 231 

199 232 


8 9 

232 261 

234 263 

235 265 

237 266 

238 268 
240 270 

242 272 

243 27+ 

245 275 

246 277 
248 279 

250 281 

251 283 

253 284 

254 286 
256 288 

258 290 

259 Z92 

261 293 

262 295 
264 297 
266 299 


I). I 
334 33 
360 34 

638 34 
640 34 

642 34 

644 34 

640 35 
348 35 
350 35 
652 35 
364 35 
360 36 
358 36 
300 36 
302 36 
304 36 
300 37 
368 37 
370 37 
372 37 

374 37 

370 38 


2 3 4 

67 100 134 

67 101 134 

68 loi 135 

68 102 136 

68 103 137 

69 103 138 

69 104 138 

70 104 139 

70 105 140 

70 106 141 

71 106 142 

71 107 142 

72 107 143 
72 108 144 

72 109 145 

73 109 146 

73 110 146 

74 no 147 
74 III 148 

74 I 12 149 

75 112 150 

75 *50 


5 0 

167 200 

168 202 

169 203 

170 204 

171 205 

172 206 

173 208 

174 209 

175 210 

176 211 

177 212 

178 214 

179 215 

180 216 

181 217 
1S2 218 

183 220 

184 221 

185 222 

186 223 

187 224 

188 226 


7 8 9 

234 267 301 

235 269 302 

237 270 304 

238 272 306 

239 274 308 

241 275 310 

242 277 

244 278 313 

245 280 315 

246 282 317 

248 283 319 

249 285 320 

251 286 322 

252 288 324 

253 290 326. 

255 291 328 

256 293 329 

258 294 331 

259 296 333 

260 298 335 

262 299 337 

263 301 338 









00S 


TABLE 64 






LOGARITHMS 

OF NUMBERS 

5 





No. 

1500 U 

[) 1899 




Log. 176091 to 278625 


No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

150 

176091 

176381 

176670 

176959 

177248 

‘177536 

177825 

178113 

17840J 

178689 

289 

151 

178977 

179264 

* 7955 * 

179839 

180126 

180413 

180699 

1809S6 

181272 

181558 

287 

152 

181844 

182129 

182415 

182700 

182985 

183270 

*83555 

183839 

184123 

184407 

285 

153 

184691 

184975 

185259 

185542 

185825 

186108 

186391 

186674 

186956 

187239 

283 

154 

187521 

187803 

188084 

188366 

i88647< 

188928 

189209 

189490 

189771 

190051 

281 

155 

190332 

190612 

190892 

191171 

191451 1 

19*730 

192010 

192289 

192567 

192846 

279 

156 

> 93*^5 

*93403 

193681 

193959 

194237 

*945*4 

*94792 

195069 

*95346 

195623 

278 

157 

195900 

196176 

196453 

196729 

197005 

197281 

197556 

197832 

198107 

198382 

276 

158 

198657 

198932 

199206 

199481 

*99755 

200029 

200303 

200577 

200850 

201124 

274 

159 

201397 

201670 

201943 

202216 

202488 

202761 

203033 

203305 

203577 

203848 

272 


160 204120 

161 206826 

162 209515 

163 212188 

164 214844 

165 217484 

166 220108 

167 222716 

168 225309 

169 227887 

170 230449 

171 232996 

172 235528 

173 238046 

174 240549 

175 243038 

176 245513 

177 247973 

178 2s<i42o 

179 251853 

180 255273 

181 257679 

182 260071 

183 262451 

184 264818 

185 267172 

186 269513 

187 271842 

188 274158 

189 276462 

0 


3 

4 

5 

6 

7 

8 

9 

D. 

1 

2 

68 

9 * 

**4 

*37 

160 

182 

205J 

260 

26 

52 

69 

92 

**5 

*38 

161 

184 

207 

262 

26 

52 

70 

93 

116 

*39 

162 

186 

2091 

264 

26 

53 

70 

94 

117 

140 

164 

187 

211 

266 

27 

53 

7 * 

94 

118 

142 

165 

189 

212 

268 

27 

54 

7 * 

95 

**9 

*43 

167 

190 

214 

270 

27 

54 

72 

96 

120 

*44 

168 

192 

216 

272 

27 

54 

73 

97 

121 

*45 

169 

*94 

218 

274 

27 

55 

73 

98 

122 

146 

171 

*95 

220 

276 

28 

55 


D. 1 
228 23 
230 23 
232 23 
234 23 
236 24 
238 24 
240 24 
242 24 
244 24 
246 25 
248 25 
250 25 
252 25 
254 25 
256 26 
258 26 


3 4 

78 104 

79 105 

79 106 

80 106 

80 107 

81 108 

82 109 


98 123 

99 1^4 

100 125 

101 126 

102 127 

102 128 

103 129 


148 172 197 221 

149 174 198 223 

150 175 200 225 

151 176 202 227 

152 178 203 229 

154 179 205 230 

155 18 1 206 232 


278 28 56 
280 28 56 
282 28 56 
284 28 57 
286 29 57 

288 29 58 

290 29 58 


5 6 

130 156 

131 157 

132 158 

133 160 

134 ]6i 

135 162 

136 163 

137 164 

138 166 

139 167 

140 168 

141 169 

142 170 

143 172 

144 173 

145 *74 


7 « 0 

182 ao8 234 

183 210 236 

185 2JJ 238 

186 213 239 

188 214 241 

189 216 243 

190 218 245 

192 219 247 

193 221 248 

195 222 250 

196 224 252 

197 226 254 
199 *^7 ^5^ 
ZOO 229 257 
202 230 259 
Z03 232 261 








TABLE (54 


MG 
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TABLE 64 


LOGARITHMS OF NUMBERS 


No. 2350 to 2849 


Log. 371068 to 454692 


No. I 0 I 


371068 
372912 

374748 
376577 
^ 378398 

24 U 380211 

241 382017 

242 383815 

243 385606 

244 387390 

245 389166 

246 390935 

247 392697 

248 394452 

249 396199 


397940 
399674 

40 140 I 
403121 
404834 
406540 
408240 

409933 

41x620 
413300 

260 414973 ' 

261 4*6641 

262 4*8301 

263 419956 

264 421604 

265 423246 

266 424882 

267 426511 

268 428135 

269 429752 

270 43*364 ~ 

271 432969 , 

272 434569 

273 436163 

274 43775 * 

275 439333 

276 440909 

277 442480 

278 444045 

279 445604 
280 * 447*58 ' 

281 448706 

282 450249 

283 45*786 

284 4533*8 


371806 371991 

373647 37383* 
375481 375664 
377306J 377488 
379124* 379306 
■ 380934 381115 
382737 382917 
384533 3847*2 
386321 386499 
388101 388279 
389875 390051 

391641 391817 
393400 393575 
395*52 395326 
396896 397071 


398634 398808 
400365 400538 
402089 402261 
403807 403978 
405517 405688 


372728 184 

374565 *84 

376394 183 
378216 182 
380030 181 
35^1837 7^ 
383636 180 
385428 179 
387212 178 
388989 178 
390759 177 
392521 176 
394277 176 

396025 175 
397766 174 


408070 

170 

409764 

169 

4**45* 

169 

4*3*3^ 

168 

414806 

167 

416474 

167 

418135 

166 

4*979* 

165 

421439 

*65 

423082 

164 

424718 

164 

426349 

163 

427973 

162 

429591 

162 

43*203 

161 

432809 

161 

434409 

160 

436004 

*59 

437592 

*59 

439*75 

158 

440752 

*58 

442323 

*57 

443889 

445449 

*57 

156 

447003 

*55 

448552 

*55 

450095 

*54 

45*633 

*54 

453*65 

*53 

454692 


9 

D. 









TABLE 64 


666 




LOGARITHMS 

OP NUMBERS 


No. 2850 to 3349 



Lofj;. 454845 to 524915 


0 

6 

: ^ 

1 

2 3 

4 

5 

6 7 8-9 

D. 

285 454845 

454997 

455150 455302 

455454 

455606 

455758 4559*0 456062 456214 

152 

236 456366 

456518 

456670 456821 

456973 

457*25 

457276 457428 457579 45773* 

152 

287 457882 

458033 

458184 458336 

458487 

458638 

458789 458940 459091 459242 

151 

288 459392 

459543 

459694 45984s 

45999i 

460146 

460296 460447 46 597 460748 

*51 

289 460808 

461048 

461198 461348 

461499 

46 1 649 

461799 461048 46>ro? 462248 

15c 

290 462398 

462548 

462697 462847 

462997 

463146 

463296 463445 463594 463744 

*50 

291 463893 

464042 

464191 464340 

464490 

464639 

464788 464936 465085 465234 

*49 

292 465383 

465532 

465680 465829 

465977 

466126 

466274 466423 466571 466719 

149 

293 466868 

467016 

467164 467312 

467460 

467608 

467756 467904 468052 468200 

148 

294 468347 

468495 

468643 468790 

468938 

46908 5 

469233 469380 469527 469675 

148 

295 469822 

469969 

470116 470263 

470410 

470557 

470704 470851 470998 47**45 

*47 

296 471292 

471438 

471585 471732 

471878 

472025 

472171 472318 472464 472610 

146 

297 472756 

472903 

473049 473195 

47334* 

473487 

473633 473779 473925 47407* 

146 

298 474216 

474362 

474508 474653 

474799 

474944 

475090 475235 475381 475526 

146 

299 475671 

475816 

475962 476107 

476252 

476397 

476542 476687 476832 476976 

145 



■ 477989 
' 479431 

; 480869 
I 482302 , 

' 4S3730 
' 485153 

) 486572 

> 487986 

; 489396 

I 490801 
I 492201 

5 493597 

> 494989 
i 496376 
f 497759 
) 499137 
^ 500511 
[. 501880 

> 503 M 

f 504607 


I 505964 

[ 507316 
) 508664 
j. 510009 

I 5*1349 

[ 512684 
j 514016 

f 5*5344 

5 516668 

5 517987 


478422 

479863 

481299 

4X2731 

484157 

485579 
486997 
488410 
489818 
491222 
49262 r 
494015 
495406 
496791 

498173 

499550 

500922 

502291 

5036551 

505014! 


506370 136 
507721 135 
509068 135 
5 10411 134 
5*1750 *34 
5*3084 
5*44*5 
5*574* 
5*7064 
518382 


5*9*71 

5*9303 

5*9434 

519566 

5 * 9 ^>‘ 7 

520484 

520615 

520745 

520876 

521CC7 

521792 

521922 

522053 

522183 

522314 

523096 

523226 

523356 

523486 

523616 

524396 

524526 

5246^6 

<^2478 5 

5249*5 














666 


TABLE 64 


LOGARITHMS OF NUMBERS 


No. 33.50 to 3899 


Log. 525045 to 590953 


525693 

526985 

528274 

5^9559 

5^0840 

53 i ”7 ' 

533391 

534661 

535927 

537189 

538448 

539703 

540955 

542203 

54344 7 


544688 

545925 

547159 

548389 

549616 

550840 

552060 

553276 

554489 

555699 


556905 , 

558108 

; 

560504 ; 
561698 
562887 
564074 I 
56525'' I 
566437 I I 

5676*41 : 


568788 

569959 

571126 

572291 

573452 

574610 

575765 

576917 

578066 

579212 


580355 

581495 

582631 

583765 

584896 

586024 

587149 

588272 

589391 

590507 


526210 
527501 
528788 
530072 

531351 

532627 128 

533899 127 

535167 127 
536432 126 
537693 126 
538951 126 
540204 125 
541454 125 
542701 125 
124 


545183 124 
546419 124 
547652 123 
548881 123 
550106 123 
551328 122 
552547 122 
553762 

554973 
556182 


557387 120 
558589 120 

559787 I 2 C 

560982 
562174 
563362 
564548 
565730 
566909 
568084 


569257 
570426 
571592 

572755 
573915 

575072 
576226 115 
577377 115 
578525 115 
579669 114 


58081 1 
581950 
583085 
584218 

585348 

586475 

587599 

588720 

589838 

590953 


D. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

112 

II 

22 

34 

45 

56 

67 

78 

'90 

101 

122 

12 

24 

37 

49 

61 

73 

85 

98 

J 1C 

114 

11 

*3 

34 

46 

57 

68 

80 

91 

103 

124 

12 

’ ^5 

37 

50 

62 

74 

87 

. 99 

1 12 

116 

12 

23 

35 

46 

58 

70 

81 

93 

104 

126 

13 

^5 

38 

50 

63 

76 

88 

lOI 

113 

118 

12 

24 

35 

47 

59 

71 

83 

54 

X06 

128 

13 

26 

38 

51 

64 

77 

90 

102 

115 

120 

12 

24 

36 

48 

60 

72 

84 

06 

108 

1.30 

13 

26 

39 

52 

65 

78 

or 

104 

1 17 










TABLE 64 


LOGARITHMS OF NUMBERS 


No. B900 to 4445) 


591065 to 648262 


390 591065 

391 59^177 

392 593286 

393 594393 

394 595496 

395 596597 

396 597695 

397 59^791 

398 599883 

399 600973 


602060 

603144 

604226 

605305 

606381 

607455 

608526 

609594 

610660 

611723 

612784 

613842 

614897 

615950 

617000 

618048 

619093 

620136 

621176 

622214 


420 623249 

421 624282 

422 625312 

423 626340 

424 627366 

425 628389 

426 629410 

427 630428 

428 631444 

429 632457 


633468 

634477 

635484 
636488 
637490 

435 638489 

436 639486 

437 640481 

438 641474 

439 642465 

440 643453 

441 644439 

442 645422 

443 646404 

444 647383 


0 


591510 « 
592621 j 
5937^9 f 

594834 ! 

59593^ ! 

597037 « 

598134 ! 

599228 - 
600319 ( 

601408 ( ( 


602494 ^ 
603577 ( 
604658 < 
605736 ( 
6068 1 1 ( 


592066 111 
593175 III 
594282 111 
595386 110 
596487 no 
597586 no 
598681 no 

599774 
600864 ^^9 
601951 


603036 

604118 

605197 

606274 

607348 

608419 

609488 

610554 

611617 

612678 

613736 

614792 

615845 

616895 

617943 

618989 

620032 

621072 

622110 

623146 


624179 

625210 

626238 

627263 

628287 

629308 

630326 

631342 

632356 

633367 


634376 lOl 
635383 lOI 
636388 100 
637390 
638389 
639387 
640382 
641375 
642366 

643354 


644340 

645324 

646306 

647285 

648262 


9 














668 


TABLE 04 


LOGARITHMS OF NUMBERS 


No. 44 o 0 to 4999 


Loir. 6^8Bfi() to ()9888B 


648360 

649335 

650308 
651278 
652246 
653213 
654177 

655^38 
656098 
657056 
658011 

456 658965 

457 659916 

458 660865 
661813 
662758 
663701 
664642 

4631665581 
464 I 666518 

667453 

668386 
669317 
670246 
671173 

470 672098 

471 673021 

472 673942 

473 674861 

474 675778 

475 676694 

476 677607 
678518 
679428 
680336 

480 ^81241 

481 682145 

482 683047 

483 683947 

484 684845 

485 685742 

486 686636 

487 687529 

488 688420 

489 689309 
4^0 690196 

491 691081 

492 691965 

493 692847 

494 693727 
694605 
695482 
696356 
697229 
698101 


648458 
649432 
[ 650405 

651375 

65^343 

653309 

654273 

655235 

656194 

657152 

658107 

659060 

660011 

660960 

661907 

662852 

663795 

664736 
665675 
666612 
667546 
668479 
669410 
670339 
671265 
672190 
673113 j 
674034 

674953 

675870 
676785 
677698 
678609 
679519 
680426 
68 1332 
682235 
683137 
684037 
684935 
685831 
686726 
687618 
688509 

68939^ 

690285 

691170 

692053 

692935 

693815 

694693 

695569 

696444 

697317 

698188 


648555 

649530 

650502 

651472 

652440 

^53405 

654369 

655331 

656290 

657247 

658202 

659155 

660106 

661055 

662002 

662947 

663889 

664830 

665769 

666705 

667640 

668572 

669503 

670431 

67135^ 

672283 
673205 
674126 
675045 
675962 
676876 
677789 
678700 
679610 
680517 
68 1422 
682326 
683227 
684127 
685025 
685921 
686815 
687707 
688598 
689486 

690373 

691258 

692142 

693023 

693903 

694781 

695657 

696531 

697404 


648653 

649627 

650599 

651569 

652536 

65350^ 

654465 

655427 

656386 

657343 

658298 

659250 

660201 

661150 

662096 

663041 

663983 

664924 

665862 

666799 

667733 

668665 

669596 

670524 

67145^ 

672375 

673297 

674218 

675137 

676053 

676968 

677881 

678791 

679700 

680607 

681513 

682416 

683317 

684217 

685114 

686010 

686904 

687796 

688687 

689575 

690462 

691347 

692230 

693111 

693991 

694868 

695744 

696618 

697491 


648750 

649724 

650696 

651666 

65^633 

65359^ 

654562 

655523 

656482 
657438 
658393 
659346 
660296 
661245 
662191 
663135 
664078 
665018 
665956 
666892 
667826 
668759 
669689 
670617 
67 J 543 
67-2467 
673390 
674310 
675228 
676145 
677059 
677972 
678882 
679791 
680698 
681603 
682506 
683407 
684307 
685204 
686100 
686994 
687886 
6S8776 
689664 
690550 
691435 
692318 
693199 
694078 
694956 
695832 
696706 
697578 


No.) 

0 

r 

1 

_ 1 

2 

1 

3 

■| 

D. 

1 

2 

3 

4” 


6 

~Y~ 


88 

9 

iS 

26 

35 

44 

53 

62 

70 

89 

9 

18 

27 

36 

44 

53 

62 

7* 

90 

9 

18 

27 

36 

45 

54 

63 

72 


9 

18 

27 

36 

45 

55 

64 

73 

92 

9 

18 

. 

37 

46 

55 

64 

74 


648848 

649821 

650793 

651762 

*^652730 

653695 

654658 

655619 

656577 

657534 

658488 

659441 

660391 

661339 

662286 

663230 

664172 

665112 

666050 

666986 

667920 

668851 

669782 

670710 

671636 

672560 

673482 

674402 

675320 

676236 

67715*' 

678063 
678973 
679882 
680789 
68 1693 
682596 
683497 
684396 
685294 
686189 
687083 
687975 
688865 

689753 

690639 

691524 

692406 

6932S7 

694166 

695044 

695919 

696793 

697665 

698535 


648945 

649919 

650890 

651859 

652826 

65379* 

654754 

655715 

656673 

657629 

658584 

659536 

660486 

661434 

662380 

663324 

664266 

665206 

666143 

667079 

668013 

668945 

669875 

670802 

671728 

672652 

673574 

674494 

675412 

676328 

677242 

678154 

679064 

679973 

680879 

681784 

682686 

683587 

684486 

685383 

686279 

687172 

688064 

688953 

689841 

690728 

691612 

692494 

693375 

694254 

695131 

696007 

696880 

697752 

698622 

6 


649043 

650016 

650987 

65*956 

652923 

653888 

654850 

655810 

656769 

657725 

658679 

659631 

660581 

661529 

662475 

663418 

664360 

665299 

666237 

667173 

668106 

669038 

669967 

670895 

671821 

672744 

673666 

674586 

675503 

676419 

677333 

678245 

679*55- 

680063 

680970 

681874 

682777 

683677 

684576 

685473 

686368 

6S7261 

68S153 

689042 

689930 

690816 

691700 

692583 

693463 

694342 

695219 

696094 

696968 

697839 

698709 

7 


649140 

650113 

651084 

652053 

653019 

653984 

654946 

655906 

656864 

657820 

658774 

659726 

660676 

661623 

662569 

663512 

664454 

665393 

666331 

667266 

668199 

669131 

670060 

670988 

67 * 9 L 3 

672836 

673758 

674677 

675595 

676511 

677424 

678336 

679246 

680154 

681060 

681964 

682867 

683767 

684666 

685563 

686458 

687351 

688242 

689131 

690019 

690905 

691789 

692671 

69355* 

694430 

695307 

696182 

697055 

697926 

698796 

8 


649237 
650210 
651181 
652150 
653116 
654080 
655042 
656002 
656960 
657916 
658870’ 
659821 
660771 
661718 
662663 
663607 94 

664548 94 

665487 94 

666424 94 

667360 94 

668293 93 

669224 93 

670153 93 

671080 93 

67^005 93 
672929 92 

673850 92 
674769 92 

675687 92 

676602 92 

677516 91 

678427 91 

679337 9 * 
680245 91 

681151 
682055 
682957 
683857 
684756 
685652 
686547 
687440 
68833 I 
689220 
690107 
690093 
691877 
692759 
693639 

6945*7 

695394 
696269 
697142 
698014 
698883 


19 29 39 48 58 68 78 87 











TABLE 64 


66 » 


LOGAIUTHMS OF NUMHFUS 

No, 5 U 00 lo 5549 

I.njr. 

(> 9 ,S!) 7 () to 744^13 


N.). 0 1 2 3 4 5 

(i 

7 

8 9 

D. 

500 6Q8970 699057 699144. 699251 699517 699404 

699491 

699578 

699664 699751 

87 

501 699838 699924 70001 1 700098 700184 700271 

700358 

700444 

700531 700617 

87 

502 700704 700790 700877 700963 701050 7011361 

701222 

70 1 300 

701395 701482 

86 

503 701568 701654 701741 701827 701913 701999 

702086 

702172 

702258 702 ‘?44 

86 

504 702431 702517 702603 702689 70277^ 702861 

702947 

703033 

703119 703205 

86 

505 70329J 703377 703463 703549 703635 7037^1 

703807 

703893 

703979 704065 

86 

506 704151 704*36 704322 704408 704494 704579 

70466 q 

704751 

704837 704922 

^6 

507 705008 705094 705179 705265 705350 705436 

705522 

705607 

705693 705778 

86 

508 705864 705949 706035 706120 706206 70629J 

706“? 76 

706462 

706547 7o66'<2 

85 

509 706718 706803 706888 706974 707059 707144 

707229 

707315 

707400 707485 

8S 

5^0 707570 707655 707740 707826 707911 707996 

708081 

708166 

708251 708336 

85 

511 708421 708506 708591 708676 708761 708846 

708931 

709015 

709100 709185 

85 

512 709270 7093*;': 709440 709524 70960Q 709604 

709779 

70Q86-? 

709948 710033 

85 

513 710117 710202 710287 710371 710456 710540 

710625 

710710 

710794 710879 

85 

514 710963 711048 711132 711217 711301 711385 

711470 

711554 

711639 711723 

84 

515 711S07 711892 711976 712060 712144 712229! 

712313 

712397 

712481 712566 

84 

‘516 712650 712734 712818 712902 712986 713070 

7 * 3*54 

71323S 

713323 713407 

84 

517 7 * 349 * 7*3575 7 * 3^59 7 * 374 ^ 713826 7*39*° 

7*3994 

714078 

714162 714246 

84 

518 7*4330 7 * 44*4 7*4497 7 * 45 ^* 7*4665 7 * 4'’49 

7*4833 

714916 

715000 715084 

84 

519 7*5*67 7*525* 7*5335 715418 7*55^2 7*5586 

715669 

715753 

715836 7*5920 

84 

520 716003 716087 716170 7*6254 716337 716421 

716504 

716588 

716671 716754 

83 

521 716838 716921 717004 717088 717171 717254 

7*7338 

717421 

717504 717587 

83 

522 717671 717754 717837 717920 718003 718086 

718169 

718253 

718336 718419 

83 

523 718502 718585 71866S 718751 718834 7*8917 

719000 

719083 

719165 719248 

83 

524 7 * 933 * 7 * 94*4 7*9497 7*958o 7*9663 7*9745 

719828 

719911 

719994 720077 

83 

525 720159 720242 720325 720407 720490 720573 

720655 

720738 

720821 720903 

83 

526 720986 721068 721151 721233 721316 721398 

721481 

721563 

721646 721728 

82 

527 721811 721893 721975 722058 722140 722222 

722305 

722387 

722469 722552 

82 

528 722634 722716 722798 722881 722963 723045 

723*27 

723209 

72329/ 723374 

82 

529 723456 723538 723620 723702 723784 723866 

723948 

724030 

7241 12 724194 

82 

530 724276 724358 724440 724532 724604 724685 

724767 

724849 

724931 725013 

82' 

531 725095 725176 725258 725340 725422 725503 

725585 

725667 

725748 725830 

82 

532 725912 725993 726075 726156 726238 726320 

7-6401 

726483 

726564 726646 

82 

533 726727 726809 726890 726972 727053 727134 

727216 

727297 

727379 727460 

81 

534 727541 727623 7^7704 727785 727866 727948 

728029 

728110 

728191 728273 

81 

535 728354 728435 728516 728597 728678 728759 

728841 

728922 

729003 729084 

81 

536 729165 729246 729327 729408 729489 729570 

729651 

729732 

729813 729893 

81 

537 7299:4 730055 730136 730217 73029S 730378 

730459 

730540 

730621 730702 

8 1 

538 730782 730863 730944 73*024 73**05 73**86 

731266 

73*347 

73*428 731508 

81 

539 731589 731669 73*750 731830 73 * 9 ** 73 * 99 * 

732072 

732152 

732233 732313 

81 

540 732394 732474 732555 732635 732715 732796 

732876 

732956 

733037 733117 

80 

541 733197 733278 733358 733438 7335*8 733598 

733679- 

733759 

733839 7339*9 

80 

542 733999 734079 734*60 734240 734320 734400 

734480 

734560 

734640 734720 

80 

543 734800 7348S0 734960 735040 735*20 735200 

735279 

735359 

735439 7355*9 

80 

544 735599 735679 735759 735838 7359*8 735998 

736078 

736157 

736237 7363*7 

80 

545 736397 736476 736556 736635 7367*5 736795 

736874 

736954 

737034 737**3 

80 

546 737193 737272 737352 737431 737511 737590 

737670 

737749 

737829 737908 

79 

547 737987 738067 738146 738225 738305 738384 

738463 

738543 

738622 738701 

79 

548 738781 738860 73S939 739018 739097 739*771 

739256 

739335 

7394*4 739493 

79 

549 739572 739651 73973 * 7398*0 739889 739968 

740047 

740126 

740205 740284 

79 

550 740363 740442 740521 740600 740678 740757 

740836 

7409*5 

740994 74*073 

79 

551 741152 741230 741309 741388 74*467 741.546 

741624 

741703 

741782 741860 

79 

552 741939 742018 742096 742*75 742254 742332 

742411 

742489 

742568 742647 

79 

553 742725 742804 742882 742961 743039 743**8 

743196 

743275 

743353 74343* 

78 

554 743510 743588 743667 743745 743S23 743902 

743980 

744058 

744*36 744215 

78 

No. 0 1 2 3 4 5 

0 

7 

8 9 

D. 







670 


TABLE 64 


LOGARITHMS OF NUMBERS 


No. 5550 to 6099 


744293 to 785259 


555 744^93 

556 745075 

557 745855 

558 746634 
659 747412 
5 ^ ■^8188 
661 748963 

562 749736 

563 750508 

564 751279 

565 752048 

566 752816 

567 753583 

568 754348 

569 755112 


670 755875 

571 756636 

572 757396 

573 758155 

574 758912 

575 759668 

576 760422 

577 761176 

578 761928 

579 762679 


763428 
764176 
7 O 4923 
765669 
766413 

585 767156 

586 767898 

587 768638 

588 769377 

589 770 i »5 


590 770852 

591 771587 

592 772322 

593 773055 

594 773786 

774517 

775^6 
775974 
776701 
777427 


600 778151 

601 778874 

602 779596 

603 780317 

604 781037 

605 781755 

606 782473 

607 783189 

608 783904 
509 784617 


744371 

745153 

745933 

746712 

747489 

748266 

749040 

I 749814 

750586 

751356 

752125 

752893 

753660 

754425 

755189 


755951 

756712 
757472 
758230 I 
758988 

759743 

760498 

761251 

762003 

762754 


763503 

764251 

764998 

765743 

766487 

767230 

767972 

768712 

769451 

770189 


770926 

771661 

772395 

773128 

773860 

774590 

775319 

776047 

776774 

777499 


778224 

778947 

779669 

780389 

781109 

781827 

782544 

783260 

783975 

784689 


744449 

745231 

746011 

746790 

747567 

748343 

749118 

749891 

750663 

751433 

752202 

752970 

753736 

754501 

755265 


756027 

756788 

757548 

758306 

759063 

759819 

760573 

761326 

762078 

762829 


763578 

764326 

765072 

765818 

766562 

767304 

768046 

768786 

769525 

770263 


770999 

771734 

772468 

773201 

773933 

774663 

775392 

776120 

776846 

777572 


778296 

779019 

779741 

780461 

781181 

781899 

782616 

783332 

784046 

784760 


744528 

745309 

746089 

746868 

747645 

74842 1 

749195 

749968 

750740 

751510 

752279 

753047 

753813 

754578 

75 ‘; 34 i 


756103 

756864 

757624 

758382 

759139 

759894 

760649 

761402 

762153 

762904 


763653 

764400 

765147 

765892 

766636 

767379 

768120 

768860 

769599 

770336 


771073 

771808 

772542 

773274 

774006 

774736 

775465 

776193 

776919 

777644 


778368 

779091 

779813 

780533 

781253 

781971 

782688 

783403 

784118 

784831 


744606 

745387 

746167 

746945 

747722 

748498 

749272 

750045 

750817 

751587 

752356 

753123 

753889 

754654 

755417 


756180 

756940 

757700 

758458 

759214 

759970 

760724 

761477 

762228 

762978 


703727 

764475 

765221 

765966 

766710 

767453 

768194 

768934 

769673 

770410 


771146 

771881 

772615 

773348 

774079 

774809 

775538 

776265 

776992 

777717 


778441 

779163 

779885 

780605 

781324 

782042 

782759 

783475 

784189 
7 84902 


744684 

745465 

746245 

747023 

<147800 

748576 

H 9350 

750123 

750894 

751664 

752433 

753200 I 
753966 

754730 I 
755494 


756256 

757016 

757775 

758533 

759290 

760045 

760799 

761552 

762303 

763053 


763802 

764550 

765296 

766041 

76678 *; 

767527 

768268 

769008 

769746 

770484 


771220 

771955 

772688 

773421 

774152 

774882 

775610 

776338 

777064 

777789 


778513 

779236 

779957 
780677 
781396 
782114 
78283 1 
783546 
784261 
784974 


744762 

745543 

746323 

747101 

747878 

748653 

749427 

750200 

750971 

751741 

752509 

753277 

754042 

754807 

755570 


756332 

757092 

757851 

758609 

759366 

760121 

760875 

761627 

762378 

763128 


763877 

764624 

765370 

766115 

766859 

767601 

768342 

769082 

769820 

770557 


771293 
772028 
772762 I 
773494 
774225 1 

774955 

775683 

776411 

777137 

777862 


778585 , 
779308 
780029 ! 
780749 
781468 
782186 
782902 I 
783618 I 
784332 I 
785045 1 


6 


7 

744840 

745621 

746401 

747179 

747955 

748731 

749504 

750277 

751048 

751818 

752586 

753353 

754119 
754883 
755646 1 


756408 

757168 

757927 

758685 

759441 

760196 

760950 

761702 

762453 

763203 


763952 

764699 

765445 

766190 
766933 
767675 
768416 
769156 
1 769894 
770631 


771367 

772102 

772835 

773567 

774298 

775028 

775756 

776483 

777209 

777934 


778658 

779380 

780101 

780821 

781540 

782258 

782974 

7 S 3689 

784403 

785116 


744919 

745699 

746479 

747256 

748033 

748808 

749582 

750354 

751125 

751895 

752663 

753430 

754195 

754960 

755722 


756484 

757244 

75 S 003 

758761 

759517 

760272 
76 1 C 25 
761778 
762529 
763278 


764027 

764774 

765520 

766264 

767007 

767749 

768490 

769230 

769968 

770705 


771440 

772175 

772908 

773640 

774371 

775100 

775829 

776556 

777282 

778006 


778730 

779452 

780173 
780893 
781612 
782329 
783046 
783761 , 

784475 

785187 


744997 

745777 

746556 

747334 

748110 

748885 

749659 

750431 

751202 

751972 

752740 

753506 

754272 

755036 

755799 


756560 

757320 

758079 

758836 

759592 

760347 

761101 

761853 

762604 

763353 


764101 

764848 

765594 

766338 

767082 

767823 

768564 

769303 

770 C 42 

770778 


771514 

772248 

772981 

773713 

774444 

775173 

775902 

776629 

777354 

778079 


778802 

779524 

780245 
780965 
I 781684 

I 782401 
783117 

7 « 383 * 

78454.6 

785259 



2 3 4 5 6 7 8 

15 22 30 37 45 52 60 

15 23 30 38 46 53 61 

15 23 31 38 46 54 t )2 

16 23 31 39 47 55 















TABLK 64 


071 


LOGARITHMS OF NUMBERS 


No. 6100 to 6649 Log. 783330 to 822736 


No. 

0 

1 

2 

3 

4 

5 

G 

7 

8 

9 

D. 

610 

611 

612 

613 

614 

615 

616 

617 

618 
619 

785330 

786041 

786751 

787460 

788168 

788875 

789581 

790285 

790988 

791691 

785401 

786112 

786822 

787531 

788239 

788946 

789651 

790356 

791059 

791761 

785472 

786183 

786893 

787602 

788310 

789016 

789722 

790426 

791129 

791831 

785543 

786254 

786964 

787673 

788381 

789087 

789792 

790496 

791199 

791901 

785615 

786325 

787035 

787744 

78845 ^ 

789157 

789863 

790567 

791269 

791971 

785686 

786396 

787106 

787815 

788521 

789228 

789933 

790637 

791340 

792041 

785757 

786467 

787177 

787885 

788593 

789299 

790004 

790707 

791410 

792111 

785S28 

786538 

787248 

787956 

788663 

789369 

790074 

790778 

791480 

792181 

785899 

786609 

787319 

788027 

788734 

789440 

790144 

790848 

791550 

792252 

785970 

786680 

787390 

788098 

788804 

789510 

790215 

790918 

791620 

792322 

71 

71 

71 

"1 

71 

71 

70 

70 

70 

70 


792392 

793092 

793790 

794488 

795*85 

795880 

796574 

797268 

797960 

798651 

792462 

793162 

793860 

794558 

795^54 

795949 

796644 

797337 

798029 

798720 

792532 

793231 

793930 

794627 

7953^*4 

796019 

796713 

797406 

798098 

798789 

792602 

793301 

794000 

794697 

795393 

796088 

796782 

797475 

798167 

798858 

792672 

793371 

794070 

794767 

795463 

796158 

796852 

797545 

798236 

798927 

792742 

793441 

794139 

794836 

795532 

796227 

796921 

797614 

798305 

798996 

792812 

793511 

794209 

794906 

795602 

796297 

796990 

797683 

798374 

799065 

792882 

793581 

794279 

794976 

795672 

796366 

797060 

797752 

798443 

799134 

792952 

793651 

794349 

795045 

795741 

796436 

797129 

797821 

798513 

799203 

793022 

793721 

794418 

795115 

795811 

796505 

797198 

797890 

798582 

799272 

70 

70 

70 

70 

70 

69 

69 


799341 

800029 
800717 
80 1404 
802089 
802774 

803457 

S04139 

804821 

805501 

799409 

800098 

800786 

801472 

802158 

802842 

803525 

804208 

804889 

805569 

799478 

800167 

800854 

801541 

802226 

802910 

803594 

804276 

804957 

805637 

799547 

800236 

800923 

801609 

802295 

802979 

803662 

804344 

805025 

805705 

799616 

800305 

800992 

801678 

802363 

803047 

803730 

804412 

805093 

805773 

799685 
800373 
80106 1 
801747 
802432 
803116 
803798 
804480 
805161 
805841 

799754 

800442 

801129 

801815 

802500 

803184 

803867 

804548 

805229 

805908 

799823 

800511 

801198 

801884 

802568 

803252 

803935 

804616 

805297 

805976 

799892 

800580 

801266 

801952 

802637 

803321 

804003 

804685 

805365 

806044 

799961 

800648 

801335 

802021 

802705 

803389 

804071 

804753 

805433 

806112 

69 

69 

69 

69 

69 

68 

68 

68 

68 

68 

640 

641 

642 

643 

644 

645 

646 
ry 47 

648 

649 

806180 

806858 

807535 

808211 
808886 
809560 
810233 
8 10904 
811575 
812245 

806248 

S06926 

807603 

808279 

808953 

809627 

810300 

810971 

811642 

812312 

806316 
806994 
807670 
808346 
8090Z 1 
809694 
810367 
811039 
811709 
812379 

006384 

807061 

807738 

808414 

809088 

809762 

810434 

811106 

811776 1 

81244s 1 

806451 

807129 

807806 

808481 

809156 

809829 

810501 

811173 

811843 

812512 

806519 

807197 

807873 

808549 

809223 

809896 

810569 

811240 

811910 

812579 

806587 
807264 
80794 1 
80S616 
809290 
809964 
810636 
811307 
811977 
812646 

806655 

807332 

808008 

808684 

809358 

S10031 

810703 

811374 

812044 

812713 

806723 

807400 

808076 

808751 

809425 

810098 

810770 

811441 

812111 

812780 

806790 

807467 

808143 

S08818 

809492 

810165 

810837 

811508 

812178 

812847 

6S 

68 

68 

67 

67 

67 

67 

67 

67 

67 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

812913 

813581 

8 14248 

814713 

815578 

816241 

816904 

817565 

8x8226 

818885 

812980 

813648 

814314 

814980 

815644 

816308 

816970 

817631 

818292 

818951 

813047 

813714 

814381 
8 1 5046 
815711 
816374 
817036 
817698 
818358 
819017 

813114 

813781 

814447 

815113 

815777 

816440 

817102 

817764 

818424 

819083 

813181 

813848 

814514 

815179 

815843 

816506 

817169 

817830 

818490 

819149 

813247 

813914 

814581 

815246 

815910 

816573 

817235 

817896 

818556! 

819215 

5^13314 

813981 

8 14647 
815312 
815976 
816639 
817301 
817962 
818622 
819281 

813381 

814048 

814714 

815378 

816042 

816705 

817367 

818028 

S18688 

819346 

813448 

814114 

814780 

815445 

816109 

816771 

817433 

818094 

818754 

819412 

813514 

814181 

814847 

815511 

816175 

816838 

817499 

818160 

818820 

819478 

67 

67 

67 

66 

66 

66 
66 
66 1 
66 
66 

660 

661 

662 

663 

664 

819544 

820201 

820858 

821514 

822168 

819610 

820267 

820924 

821579 

822233 

819676 

820333 

820989 

821645 

822299 

819741 

820399 

821055 

821710 

822364 

819807 

820464 

821120 

821775 

822430 

819873 

820530 

821186 

821841 

822495 

819939 

820595 

821251 

821906 

822560 

820004 

820661 

821317 

S21972 

822626 

820070 

820727 

821382 

822037 

822691 

820136 

820792 

821448 

822103 

822756 

66 

66 

66 

65 

65 

m 

0 

1 

2 

3 


5 

1 6 

7 

1 8 

9 

m 


p. 1 2 3 4 5 6 

>5 6 13 19 26 32 39 

>6 7 13 20 26 33 40 

>7 7 13 20 27 33 40 

>8 7 14 20 27 34 41 


7 

8 

9 

D. 

1 

2 

45 

5a 

58 

68- 

7 

14 

46 

53 

59 

69 

7 

14 

47 

54 

60 

70 

7 

14 

48 

54 

61 

71 

7 

'4 


3 4 5 6 7 8 9 

20 27 34 41 48 54 61 

21 28 34 41 48 55 62 

21 28 3$ 42 49 56 63 

21 28 35 43 50 57 64 










072 


TABLE 61 


LOGARITHMS OF NUMBERS 


No. t)()o0 to 7 1 Oi) 


Lo<r. <soo8:i-J to 85727:2 


82287,2 

823474 

824126 

8.24776 

825426 


826075 

826723 I 

827369 

S28015 

X28660 j 

829304 

829947 

830589 

831230 

831870 


832509 

5*33147 

833784 

8 3442 1 
835056 
835691 
836324 
836957 

S37588 

838219 

838849 

839478 

840106 

840733 

841359 

841985 

842609 

843233 

843855 

844477 

845098 

845718 

846337 

846955 

847573 

84S189 

848805 

849419 

850033 

850646 

851258 

851870 

852480 

853090 

853698 

854306 

8^4913 

^^55519 

856124 

8567^9 

0 


822887 

823539 

824191 

824841 

825491 


826140 

826787 

827434 

828080 

828724 

829368 

830011 

830653 

831294 

83^934 


832573 

833211 

833848 

834484 

835120 

835754 

836387 

837020 

837652 

838282 

838912 

839541 

840169 

840796 

841422 

842047 

842672 

843295 

843918 

844539 

S45160 
845780 
846399 
847017 
847634 
848251 
84. ’66 
84948 1 
850095 

850707 

851320 

851931 

852541 

853150 

853759 

854367 

854974 

855580 

856185 

856789 

1 


822952 

823605 

824256 

824906 

825556 


826204 

826852 

827499 

828144 

828789 

829432 

830075 

830717 

831358 

831998 


832637 

833275 

833912 

834548 

835183 

835817 

836451 

837083 

837715 

838345 

838975 

839604 

840232 

840859 

841485 

842110 

842734 

843357 

843980 

844601 

845222 

845842 

846461 

847079 

847696 

848312 

848928 

849542 

850156 

850769 

851381 

851992 

852602 

853211 

853820 

854428 

855034 

855640 

856245 

856850 

2 


823018 

823670 

824321 

824971 

825621 


826269 

826917 

827563 

828209 

828853 

829497 

830139 

830781 

831422 

832062 


832700 

833338 

833975 

834611 

835247 

835881 

836514 

837146 

837778 

838408 

839038 

839667 

840294 

840921 

841547 

842172 

842796 

843420 

844042 

844664 

845284 

845904 

846523 

847141 

847758 

848374 

848989 

849604 

850217 

850830 

85144^ 

852053 

852663 

853272 

853881 

854488 

855095 

855701 

856306 

856910 

3 


823148 

823800 

824451 

825101 

8^5751 


826399 

.827046 

827692 

S28338 

828982 

829625 

830268 

830909 

831550 

832189 


832828 

833466 

834103 

834739 

835373 

836007 

836641 

837273 

837904 

839164 

839792 

840420 

841046 

841672 

842297 

842921 

843544 

844166 

844788 

845408 

846028 

846646" 

847264 

847881 

848497 

8491 12 
849726 
8 50340 

85095^ 

851564 

852175 

852785 

853394 

854002 

854610 

855216 

855822 

856427 

857031 


823213 

823865 

824.516 

825166 

825815 


826464 

827111 

827757 

828402 

829046 

829690 

830332 

830973 

831614 

83^^53 


832892 

833530 

834166 

83480*2 

835437 

836071 

836704 

837336 

837967 

8 38‘>97 

839227 

839855 

840482 

841109 

841735 

842 3 60 
842983 
843606 
844229 
844850 
845470 
, 846090 
"846708 
847326 
S47943 
848559 
849174 
849788 
850401 
85 1014 
851625 
852236 
852846 
^53455 

854063 

854670 

855277 

855882 

856487 

857091 



D 

1 

2 

3 

4 

5 

6 

7 

8 

63 

. 6 

13 

19 

25 

31 

3X 

44 

50 

64 

6 

13 

19 

26 

32 

38 

45 

51 

65 

6 

13 

19 

26 

3 ^ 

39 

45 

5 ^ 





TABLE 1^4 


673 


LOGARITHMS OF NUMBERS 


No. 7-200 to 7749 


Log. 8,57032 to 889246 


r20 85733^ 
r2l 857935 
V22 858537 
723 859138 

721 859739 

725 860338 

726 860937 

727 861534 

728 862131 

729 862728 

730 863323 

731 863917 

732 864511 

733 865104 
731 865696 
733 866287 

736 866878 

737 867467 

738 868056 

739 868644 

740 869232 

741 869818 

742 870404 

743 870989 

744 871573 

745 872156 

746 S72739 

747 873321 

748 873902 

749 S744S2 


750 875061 

751 875640 

752 876218 

753 876795 

754 877371 

755 877947 

756 878522 

757 879096 

758 879669 

759 880242 

760 880814 

761 881385 

762 881955 

763 882525 

764 883093 

765 883661 

766 884229 

767 884795 

768 885361 

769 885926 
7 7 (F “8864^ 

771 887054 

772 S87617 

773 888179 

774 I 088741 


857393 I 
857995 1 
858597 

859198 

859799 

860398 

S60996 

861594 

862191 

862787 

863382 

863977 

864570 

865163 

S65755 

S66346 
866937 
867526 
868115 
868703 
869290 
869877 
870462 
871047 
871631 
872215 
872797 I 

S73379 

873960 

8-4540 


875119 

875698 

876276 

876853 

877429 

8'’8cc4 

8785-9 

879155 
879726 
880299 
880871 
881442 
882012 
882581 
883150 
883718 
884285 
S84852 
885418 
885983 
886547 
887111 
887674 
8S8236 
80S 7 9 7 


2 

^^57453 
858056 
858657 
859258 
859859 
860458 
86 1 c 56 
861654 
862251 
862S47 
86 3442 
864036 
864630 
865222 
865814 
86640 5 
866996 
867585 
X68174 
868762 
869349 
869935 
870521 
871106 ] 
871690 
872273 
872855 
5^73437 
874018 
1 874598 


^^ 75*77 

^75756 

876333 
8 7 69 10 
877487 
878062 
878637 
879211 
879 :S 4 

880356 

8S0928 

881499 

8S2069 

882638 

SS3207 

883775 

884342 

884909 

885474 

8S6039 

886604 

887167 

887-30 

888292 


8575*3 857574 857634 
858116 858176 858236 
858718 858778 858838 
859318 859379 859439 
859918 859978 1660038 
860518 860578 860637 
861116 861176 861236 
861714 861773 861833 
862310 862370 862430 
862906 862966 863025 
863501 863561 863620 
864096 864155 864214 
864689 864748 864808 
865282 865341 865400 
865874 865933 865992 
866465 866524 866585 
867055 867114 8671-3 
867644 867703 867762 
868233 868292 868350 
868821 86887 9 ^^689^,8 
869408 869466 869525 
S69994 870053 8-01 II 
870579 870638 S70696 
871164 871223 871281' 
871748 871806 871865 
872331 872389 872448 
872913 872972 873030 

S73495 873553 873611 
874076 874134 i 874 «9^ 
874656 874714^ 8:4772 


875^35 875^93 875551 
875813 8758-11875929 
876391 876449 i 876507 
87696s 87702618770^3 
877544 877602.877659 
878119 878177 878234 
878694 S78752 ■ 878809 
879268 8-9325 ; 879381 
S79841 879898 8-09 

880413 880471 1 8805- 

880985 881042 881099 
881556 881613 881670 
8S2126 882183 882240 
882695 882752 882809 
8J3264 883321 883377 
883832 883888 883945 
884399 884455 S84512 
884965 885022 8S5078 

88553J ^^^^3587 805644 

8S6096 8S6152 8S62C0 
886660 886716 886773 
887223 887280 887336 
887786 S87842 887898 
888348)888404 S88460 
^'8890 9 i S88965 1 889^21 


857694 
858297 
858898 
859499 
860098 
860697 
861295 
861893 
862489 
863085 
8636S0 
864274 
864867 
865459 
86605 * 
866642 
867232 
867821 
868409 
868997 
*86^4 
870170 

87075^ 

871339 

871923 
872506 
873088 
873669 
874^50 
874S 30 


875409 

875987 

876564 

877141 

877717 

878292 

87S866 

i ' •) }40 


857755 

858357 

858958 

859559 

860158 
860757 
861355 
861952 
862549 
863 144 

863739 

864333 

S64926 

865519 

866 1 1C 

86670 1 

86729 I 

86788. 

86 846 S 

86905b 

869642 

870228 

870813 

871398 

87198 1 

872564 

873146 

873727 

874308 

i 87.}S88 


875466 

876045 

876622 

877199 

S77774 

. 8-8349 
^ 878924 

1 879497 

8S.. c 70 
880^4 > 

‘ 881213 
881784 
882354 
i' 882923 
. 883491 
884059 
I 884625* 
885192 

’ «85757 


857815 857875 60 
85841- 858477 60 

859018 859078 60 

859619 859679 60 

860218 860278 60 

860817 860877 60 

861415 861475 60 

862012 862072 60 

862608 862668 60 

S63204 863263 60 

863799 863858 59 

864392 864452 59 

864985 865045 59 

865578 865637 59 

866169 866228 59 

866760 866819 59 

S67350 867409 59 

867939 867998 59 

868527 868586 59 

869m. 869173 59 

869701 869760 59 

8-0287 870345 59 

870872 870930 58 

8-1456 871515 58 


S-2040 872098 58 

8-2622 872681 58 

873204 873262 58 

^^•375^5 873844 58 

874366 874424 58 

^-4945 875003 58 


875524 hr ; ’ I 58 

876102 876i^'(.. 53 

8-66S0 876737 58 

877256 877314 58 

877832 877889 58 

878407 878464 57 

878981 879039 57 

879612 57 

88c 12- 88c 18c .*7 

880090 880756 57 

881271 881328 j; 
88:841 881898 57 

882411 8.S2468 57 

8820S0 88305;' 57 
I 88 < ;/iS 883605 I 57 
884115 884172 I 57 



^ I -V 

; I SS.S*.-- 1 1 
i|;SS 8573 
L ^**^ 9*34 

7 


;• 884682 884739 57 

i 885248 885305 57 

' 885813 885870 57 

886378 886434 56 

, ■ 886942 886998 56 

) 88750; 887561 56 

[ 888007 888123 56 

; 888629 : 8 SS' 6 < 3 ;; 56 

- 88919- 1 36 


12 18 24 29 35 41 47 53 

12 18 24 30 36 4Z 48 54 
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TABLE 04 


LOGARITHMS OF NUMBERS 


No. 77S0 to 6299 


Log. 889302 to 919026 


No. 0 


775 88930Z 

776 889862 

777 890421 

778 890980 

779 891537 


892095 

892651 

893207 

893762 

894316 

894870 

895423 

89597s 

896526 

897077 


898725 
899273 
899821 
900367 
9009 I 3 
901458 
902003 
902547 


800 903090 

801 903633 

802 904174 

803 904716 

804 905256 

805 905796 

806 906335 

807 906874 

808 907411 

809 907949 

810 908485 

811 909021 

812 909556 

813 1910091 

814 910624 

815 911158 

816 911690 

817 912222 

818 912753 

819 913284 


913814 

914343 

914872 
9 1 5400 
915927 
916454 
916980 
917506 
918030 

9*8555 


*0 


889526 I 
890086 ^ 
890645 i 
891203 I 
89i76ot{ I 


892317 i 
892873 } 
893429 5 
893984 { 
894538 i 
895091 J 
895644 I 
896195 i 
896747 } 

897^97 ^ 


897847 i 
898396 i 
898944 { 
899492 i 
900039 < 
900586 < 
901131 c 
901676 < 
902221 < 
902764 ( 



889806 

890365 

890924 

891482 

892039 


892595 56 

893151 56 

893706 56 

894261 55 

894814 55 

895367 55 

895920 55 
89647* 55 
897022 55 

89757^ 55 


898122 55 

898670 55 

899218 55 
899766 55 

900312 55 

900859 55 

901404 55 

901948 54 

902492 54 

903036 54 


903578 54 
904 1 20 54 

904661 54 

905202 54 
905742 54 

906281 54 

906820 54 
907358 54 

907895 54 

90843* 54 

908967 54 

909503 54 

910037 53 

910571 53 

911104 53 
911637 53 

912169 53 

912700 53 

9*323* 53 

9*3761 53 


914290 S3 
914819 53 
9*5347 53 

9*5875 53 

916401 53 

916927 53 

9*7453 53 

917978 52 

918502 52 

919026 52 


9 


23456789 
11 16 22 27 33 38 44 49 
















TABLE 64 


675 


LOGARITHMS OF NUMBERS 


No. 8300 to 8849 Log. 919078 to 946894 


No._ 

0 

1 

2 

3 

4 

5 

6 

7 

8 


D. 

830 

919078 

919130 

919183 

919235 

919287 

919340 

919392 

919444 

919496 

919549 

5 * 

831 

919601 

919653 

919706 

919758 

919810 

919862 

919914 

919967 

020010 

920071 

5 * 

832 

920123 

920176 

920228 

920280 

920332 

920384 

920436 

920480 

920541 

9*0593 

5 * 

833 

920645 

920697 

920749 

920801 

920853 

920906 

920958 

921010 

921062 

921114 

5 * 

834 

921166 

921218 

921270 

921322 

9*13741 

921426 

921478 

921530 

921582 

921634 

5 * 

835 

921686 

921738 

921790 

92 1 842 

921894 

921946 

921998 

022050 

922102 

922154 

5 * 

836 

922206 

922258 

922310 

922362 

922414 

922466 

922518 

922570 

922622 

922674 

5 * 

837 

922725 

922777 

922829 

922881 

922933 

922085 

9*3037 

023089 

923140 

92319* 

5 * 

838 

923244 

923296 

9*3348 

9*3399 

923451 

9*3503 

9*3555 

023607 

9*3658 

923710 

5 * 

839 

923762 

923814 

923865 

923917 

9*3969 

924021 

924072 

924124 

924176 

924228 

5 * 

840 

924279 

924331 

924383 

924434 

924486 

924538 

924589 

024641 

924693 

9*4744 

5 * 

841 

924796 

924848 

9*4899 

924951 

925003 

925054 

925106 

9*5157 

025200 

925261 

5 * 

842 

925312 

925364 

9*5415 

9*5467 

9*5518 

925570 

925621 

925673 

925725 

9*5776 

5 * 

843 

925828 

925879 

9*5931 

925982 

926034 

926085 

926137 

926188 

926240 

926291 

51 

844 

926342 

926394 

9*6445 

9*6497 

926548 

926600 

926651 

926702 

926754 

926805 

51 

845 

926857 

926908 

9*6959 

9270 I I 

927062 

9*7114 

927165 

927216 

927268 

9*7319 

Bl 

846 

927370 

927422 

9 * 74 ^ 

927524 

927576 

927627 

927678 

927730 

927781 

9*783* 

Bl 

847 

927883 

9*7935 

927986 

928037 

928088 

928140 

928191 

928242 

928293 

9*8345 

51 

848 

928396 

9*8447 

928498 

928549 

928601 

928652 

928703 

928754 

028805 

928857 

51 

849 

928908 

928959 

929010 

929061 

929112 

929163 

929215 

929266 

9*9317 

929368 

51 

850 

929419 

929470 

929521 

9 * 95 ^ 

929623 

929674 

929725 

9*9776 

929827 

9*9879 

51 

851 

929930 

9299^1 

930032 

930083 

930134 

930185 

930236 

930287 

930338 

930389 

51 

852 

930440 

930491 

93054* 

93059* 

930643 

930694 

930745 

930796 

930847 

930898 

51 

853 

930949 

931000 

931051 

931102 

93”53 

931*03 

931*54 

931305 

931356 

931407 

El 

854 

931458 

931509 

931560 

931610 

931661 

931712 

931763 

931814 

931865 

931915 

Bl 

855 

931966 

932017 

932068 

932118 

93*169 

932220 

932271 

93*322 

93 * 37 * 

9324*3 

51 

856 

93*474 

93 * 5*4 

93*575 

932626 

93*677 

932727 

93*778 

932829 

93*879 

93*930 

51 

857 

932981 

933031 

933082 

933133 

933183 

933*34 

933285 

933335 

933386 

933437 

51 

858 

933487 

933538 

933589 

933639 

933690 

933740 

933791 

933841 

933892 

933943 

51 

859 

933993 

934044 

934094 

934145 

934195 

934*46 

934*96 

934347 

934397 

934448 

51 


934498 

934549 

934599 

934650 

934700 

934751 

934801 

934852 

934902 

934953 

50 

861 

935003 

935054 

935104 

935154 

935*05 

935*55 

935306 

935356 

935406 

935457 

50 

862 

935507 

935558 

935608 

935658 

935709 

935759 

935809 

935860 

935910 

935960 

50 

863 

936011 

936061 

9361H 

936162 

936212 

936262 

936313 

936363 

936413 

936463 

50 

864 

936514 

936564 

936614 

936665 

936715 

936765 

936815 

936865 

936916 

936966 

50 

865 

937016 

937066 

937117 

937167 

937217 

937267 

937317 

937367 

937418 

937468 

50 

866 

537518 

937568 

937618 

937668 

937718 

937769 

937819 

937869 

9379>9 

937969 

50 

867 

938019 

938069 

938119 

938169 

938219 

938269 

938319 

938370 

938420 

938470 

50 

868 

938520 

938570 

938620 

938670 

938720 

938770 

938820 

938870 

938920 

93897c 

50 

869 

939020 

939070 

939120 

939170 

939220 

939270 

939320 

939369 

939419 

939469 

50 

870 

939519 

939569 

939619 

939669 

939719 

939769 

939819 

939869 

939918 

939968 

50 

871 

9400 I 8 

940068 

940118 

940168 

940218 

940267 

940317 

940367 

940417 

940467 

50 

872 

940516 

940566 

940616 

940666 

940716 

940765 

9408 1 5 

940865 

940915 

940964 

50 

873 

941014 

941064 

941 I 14 

941163 

941213 

941*63 

941313 

941362 

941412 

941462 

50 

874 

9415” 

941561 

941611 

941660 

941710 

941760 

941809 

941859 

941909 

941958 

50 

875 

942008 

942058 

942107 

942157 

942207 

94**56 

942306 

94*355 

942405 

942455 

50 

876 

942504 

942554 

942603 

942653 

942702 

942752 

942801 

942851 

942901 

94*950 

50 

877 

943000 

943049 

943099 

943 148 

943198 

943247 

943297 

943346 

943396 

943445 

49 

878 

943495 

943544 

943593 

943643 

943692 

943742 

943791 

943841 

943890 

943939 

49 

879 

943989 

944038 

944088 

944137 

944186 

944236 

944285 

944335 

944384 

944433 

49 

EgC] 

944483 

944532 

944581 

944631 

944680 

944729 

944779 

944828 

944877 

9449*7 

49 

881 

944976 

945025 

945074 

945124 

945173 

945222 

945*7* 

^ 9453*1 

945370 

945419 

^9 

882 

945469 

945518 

945567 

945616 

945665 

945715 

945764 

945813 

945862 

945912 

49 

883 

945961 

9460J0 

946059 

946108 

946157 

946207 

946256 

946305 

946354 

946403 

49 


946452 

-946 5 

946551 

946600 

946649 

946698 

946747 

946796 

946845 

946894 

49 



1 

2 

3 

4 

6 

6 

m 

i 

8 

9 

D. 

O. 

1 2 

3 - 

i 5 

6 7 

S 9 

D. 1 2 

3 4 

5 6 

7 8 

9 

49 

5 10 15 20 24 29 34 

39 44 

51 5 10 15 20 

*5 31 

36 41 

46 

50 

5 10 15 20 25 

30 35 

40 45 i 

52 5 10 16 21 

26 31 

36 42 

47 


4 ' 
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TABLE 64 


LOGARITHMS OF NUMBERS 

No. 8850 to 9399 Log. 946943 to 973082 

No. 0 1 2 3 4 5 6 7 8 9 D. 

885 946943 94699^^ 947041 947090 947140 947*89 947^38 947^87 947336 947385 49 

886 947434 947483 94753^ 94758* 947630 947679 9477^8 947777 947826 947875 49 

887 947924 947973 948022 948070 948119 948168 948217 948266 948315 948364 49 

888 948413 948462 948511 948560 948609 048657 948706 948755 948804 948853 49 

889 948902 94^95* 94^999 94904^ 949097 W*46 949*95 949M4 949^9^ 94934* 49 

890 949390 949439 9494^8 949536 9495^5 949634 9496^3 94973* 9497^0 949^^^9 49 

891 949878 949926 949975 950024 950073 95012 1 950170 950219 950267 950316 49 

892 950365 950414 950462 950511 950560 950608 950657 950706 950754 950803 49 

393 950851 950900 950949 950997 95 1046 951095 951143 951192 951240 951289 49 

951338 951386 95*435 95*483 95*53- 95*58© 95*629 951677 951726 951775 49 

895 951823 951872 951920 951969 952017 952066 952114 952163 952211 952260 48 

896 952308 952356 952405 952453 952502 952550 952599 952647 952696 952744 48 

897 952792 952841 952889 95^938 952986 953034 953083 953131 953*80 953228 48 

898 953276 953325 953373 9534-21 95347° 9535*8 9535^6 9536*5 953663 9537** 48 

899 9 53760 953808 9 53856 9539Q5 953953 954°°* 954049 954098 954*46 954*94 48 

900 954243 95429* 954339 954387 954435 954484 954532 954S8o 954628 954677 48 

901 954725 954773 954821 954869 9549*8 954966 955o*4 955062 955**0 955*S8 48 

902 955207 955255 955303 95535* 955399 955447 955495 955543 955592 955640 48 

903 955688 955736 955784 955832 955880 955928 955976 956024 956072 956120 48 

904 956168 956216 956265 956313 956361 956409 956457 956505 956553 956601 48 

905 956649 956697 956745 956793 956840 956888 956936 956984 95703a 957080 48 

906 957128 957176 957224 957272 957320 957368 9574*6 957464 9575*2 957559 48 

907 957607 957655 957703 95775* 957799 957847 957894 957942 95799° 958038 48 

008 958086 958134 958181 958229 958277 958325 958373 958421 958468 958516 48 

009 958564 958612 958659 958707 958755 958803 958850 958898 958946 958994 48 

959041 959089 959137 959*85 959-32 959280 959328 959375 959423 95947* 48 

959518 959566 9^9614 959661 959709 959757 959804 959852 959900 959947 48 

959995 960042 960090 960138 960185 960233 960280 960328 960376 960423 48 

960471 960518 960566 960613 960661 960709 960756 960804 960851 960899 48 

960946 960994 961041 961089 961136 961184 961231 96127^ 961326 961374 47 

915 961421 96x469 961516 961563 961611 961658 961706 961753 961801 961848 47 

916 961895 961943 961990 962038 962085 962132 962180 962227 962275 962322 47 

917 962369 962417 962464 962511 962559 962606 962653 962701 962748 962795 47 

91S 962843 962890 962937 962985 963032 963079 963126 963174 963221 963268 47 

910 9 63316 963363 96341Q 963457 963. -04 0613599 963646 9^3^98 9^374* 47 

920 963788 963835 963882 963929 963977 964024 964071 964118 964165 964212 47 

921 964260 964307 964354 964401 964448 964495 964542 964590 964637 964684 47 

922 964731 964778 964825 964872 964919 964966 965013 965061 965108 965155 47 

92:3 965202 965249 965296 965343 965390 965437 965484 965531 965578 965625 47 

921 965672 965719 965766 965813 965860 965907 965954 966001 966048 966095 47 

92.^ 966142 966189 966236 966283 966329 966376 966423 966470 966517 966564 47 

926 966611 966658 966705 966752 966799 966845 966892 966939 966986 967033 47 

927 967080 967127 967173 967220 967267 967314 967361 967408 967454 967501 47 

928 967548 967595 967642 967688 967735 967782 967829 967875 967922 967969 47 

929 968016 968062 968109 968156 968203 968249 968296 968343 968390 968436 47 

968483 968530 968576 968623 968670 968716 968763 968810 968856 968903 47 

968950 968996 969043 969090 969136 969183 969229 969275 969323 969369 47 

969416 969463 969509 969556 969602 969649 969595 969742 969789 969835 47 

969882 969928 969975 970021 970068 9701 14 970161 970207 970254 970300 47 

970347 970393 970440 970486 970533 970579 970626 970672 970719 970765 46 

970812 970858 970904 970951 970997 971044 971090 971137 971183 971229 46 

97*276 971322 971369 97*4*5 97*461 97*505^ 97*554 97i6oi 97*647 97*693 46 

971740 971786 971832 971879 971925 971971 972018 972064 972110 972157 46 

972203 972249 972295 972342 972388 972434 972481 972527 972S73 972619 46 

972666 972712 972758 972804 972851 972897 972943 972989 973035 973082 46 

0 1 2 3 t 5 6 7 8 9 D. 


). 

6 


3 4 5 6 7 8 9 

14 18 23 28 32 37 41 

14 19 23 28 33 38 42 


D, 123456789 

48 5 10 14 19 24 29 34 38 43 

49 5 10 15 20 24 29 34 39 44 









TABLE 64 


t>77 


LOGARITHMS OF NUMBERS 


No. 9400 to 9949 


Log. 973128 to 997779 



930 977724 
951 978181 
932 978637 

953 979093 

954 97954 « 

955 980003 

936 980458 

937 980912 
93 H 981366 
939 981819 

960 982271 

961 982723 
902 983175 

963 983626 

964 984077 

965 984527 

966 984977 

967 985426 

968 985875 

969 986324 


970 986772 

971 987219 

972 987666 

973 988113 

974 988559 
9!'5 989005 

976 989450 

977 989895 

978 990339 

979 990783 

980 991226 

981 991669 

982 992111 

983 992554 

984 992995 

985 993436 

986 993877 

987 994317 

988 994757 

989 995196 

990 995635 

991 996074 

992 996512 

993 996949 

994 997386 

No. 0 


977861 

97S317 

978774 

979230 

979685 

980140 

980594 

981048 

981501 

9819 54 

982407 
982859 
983310 
983762 
984212 
984662 
9S51 12 
985561 
986010 
986458 


986906 

987353 

9^7800 
9S8247 
988693 I 
989138 
989583 
990028 
990472 
990916 


977906 

978363 

978819 

979275 

979730 

980185 

980640 

981093 

981547 

982000 

982452 

982904 

9 X 335 f> 

983807 

984257 

984707 

985'57 

985606 

986055 

9^6503 


9X6951 

987398 

987845 

988291 

988737 

9X9183 

989628 

990072 

990516 

990960 


973359 

973820 

974281 

974742 

975202 

975662 

976121 

976579 

977037 

977495 


977952 
978409 
978865 
979321 
979776 i 

980231 

980685 

981139 

981592 

982045 

982497 

982949 

983401 

983852 

984302 

984752 

985202 

9S5651 

<.^'6ioo 

986548 


986996 

987443 

987890 

988336 

988782 

989227 

989672 

990117 

990561 

991004 

991448 

991890 

992333 

992774 

993216 

993657 

994097 

994537 

99‘f977 

995416 

995854 

996293 

996731 

997168 

997605 


973405 

973866 

974327 

974788 

975248 

975707 

976167 

976625 

977083 

977541 


977998 

978454 

978911 

979366 

9798^1 

980276 

980730 

981184 

981637 

982090 

982543 

982994 

983446 

983897 

984347 

984797 

985247 

985696 

986144 

986593 


987040 

987488 

987934 

988381 

988826 

989272 

989717 

990161 

990605 

99^049 

991492 

99^935 

992377 

992819 

993260 

993701 

994141 

994581 

995021 

9954 60 

995S98 

996337 

996774 

997212 

99764^ 


973451 

973913 

974374 

974«34 

975294 

975753 

976212 

976671 

977129 

977586 


97^043 

978500 

978956 

979412 

979867 

980322 

980776 

981229 

981683 

9^21 3 

982588 

083040 

983491 

983942 

984392 

984842 

985292 

985741 

986189 

986637 


987085 

987532 

987979 

988425 

988871 

989316 

989761 

990206 

990650 

991093 

991536 

991979 

992421 

992863 

993304 

993745 

994185 

994625 

995065 

995504 

995942 

996380 

-996818 

997255 

997692 

7 


973497 

973959 

97442c 

974880 

975340 

975799 

976258 

976717 

977175 

977632 


978089 

978546 

979002 

979457 

979912 

980367 

980821 

981275 

981728 

982 1X1 

982633 

983085 

9^^3536 

983987 

984437 

984887 

985337 

985786 

986234 

986682 


987130 

987577 

988024 
I 988470 
98S9 16 
989361 
9X9806 
990250 
990694 

99^137 

991580 

992023 

992465 

992907 

993348 

9937S9 

994229 

994669 

995108 

99*^547 

995986 

996424 

996862 

997299 

997736 


973543 46 
974005 46 

974466 46 

974926 46 

975386 46 

975845 46 

976304 46 

976763 46 

977220 46 

977678 46 

978135 46 

978591 46 

979047 46 

979503 46 
979958 46 

980412 45 
980867 45 

981320 45 

981773 45 
9S2226 45 

982678 45 

983130 45 

983581 45 

984032 45 

984482 45 

984932 45 
985382 45 

985830 45 
986279 45 

9 86727 45 

987175 45 
987622 45 

98X068 45 

988514 45 
988960 45 

989405 45 

989850 44 

990294 44 

990738 44 

_991L82 44 

99*1625 44“ 

992067 44 

992509 44 

99295 j 44 
993392 44 

993833 44 

994273 44 
994713 44 

995152 44 

9955 9 > _44 
996030 44 

99 646 S 44 
996907 44 

997343 44 

997779 44 


3 4 5 6 7 8 9 

14 18 23 28 32 37 41 
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TABLE 66 


LOG. SINES OF SMALL ARCS TO EACH SECOND 


O'* O' 0® V 0° 2' 0° 3' 0® 4' 0® & 

6 - 6 - 7 * 7 * 

— oo 46373 76476 6-94085 06579 16270 

4*68557 47090 76836 6 94325 06759 *6414 

4*98660 47797 77*93 6 94565 06939 16558 

5*16270 48492 77548 6*94803 07118 16702 

5*28763 49175 77900 6*95039 07296 16845 

5-38454 49849 78248 6*95275 07474 16987 

5*46373 5051^ 78595 6*95509 07654 17130 

5-53067 51165 78938 6-95742 07827 17271 

5 58866 51808 793^78 6*95973 08003 174*3 

5-63982 52442 79616 6*96204 08177 17553 

5*68557 53067 79953^ 6*96433 08351 17694 

5*72697 53683 80285 6*96661 08525 17834 

5*76476 54291 80615 6*96888 08698 17973 

5*79952 54890 80943 6*97113 08870 18112 

5*83170 55481 81268 6*97338 09041 18250 

5*86167 56064 81591 6*97561 09211 18389 

5*88969 56639 81911 6-977i'3 09381 18526 

5*91602 57207 82230 6*98004 09551 18663 

5-94085 57767 82545 6*98224 09719 18800 

5- 96433 58320 82859 6* 98443 09887 18937 

"7*98660 58866 83170 6*98660 10055 *9073^ 

6*00779 59406 83479 6*98877 10222 19208 

6*02800 59939 83786 6*99093 10388 19343 

6*04730 60465 84091 6*99307 10553 19478 

6*06579 60985 84394 6*99520 1071^ 19612 

6- 08351 61499 84694 6*99733 10882 19746 

6*10055 62007 84993 6*99944 11046 19879 

6*11694 62509 85289 7*00155 11209 20012 

6*13273 63006 85584 7*00364 11371 20145 

6*14797 63496 85876 7'oo57a 11533 ^0^77 


6*16270 63982 86167 7*00779 11694 20409 

6-17694 64462 86455 7*00986 11854 20540 

6*19072 64936 86742 7*01191 12014 20671 

6-20409 65406 87027 7*01395 12174 20802 

6*21705 65870 87310 7*01599 1^333 2093^ 

6*22964 66330 87591 7*oi8oi 12491 21062 

6*24188 66785 87870 7*02003 12648 21191 

6-25378 67235 88147 7*02203 12805 21320 

6*26536 67680 8S423 7*02403 12962 21449 

6*27664 68121 88697 7*02602 13118 21577 

6-28763 68557 88969 7*02800 13273 21705 

6*29836 68990 89240 7*02997 13428 21833 

6*30882 69418 89509 7 03193 13582 21960 

6*31904 69841 89776 7*03388 13736 22087 

6*52903 70261 90042 7*03582 13889 22213 

6.33879 70676 90306 7*03776 14042 22339 

' 7*o88 90568 7 03968 14194 22465 

6*35767 71496 90829 704160 14346 22590 

6-36682 71900 91088 7-04351' 14497 22715 

6*37577 72300 91346 7*0454* *4647 22840 


6-38454 72697 9160Z 7-04730 14797 22964 

6*39515 73090 91857 7*049*9 *4947 23088 

6-40158 73479 92110 7*05106 15096 23212 

6-409X5 73865 92362 7*05293 15244 23335 

6-41797 74248 92612 7*05479 *5392 23458 

6-42594 74627 92861 7*05664 15540 23580 

6-43376 75003 93109 7*05849 15687 23702 

6*14*45 75376 93355 7*06032 15833 23824 

6-^4900 75746 93599 7*06215 15979 23946 

6*4>643 76112 93S43 7*06397 16125 24067 

6-46373 76476 94085 7 06 579 I 16270 24188 

89° 59' 89° 58' 89° 6T 89° 58' 89° 55' 89° *6^ 


0° 7 ' 0° 8' I 0® 9' 


' 89° 52'|89° 61' 89° 50 






TABLE 66 


681 



r 

r 

r 

T 

7 * 

7* 

r 

7 * 

7 * 

7 * 

46373 

50512 

54291 

57767 

60985 

63982 

66784 

69417 

71900 

74248 

46445 

50578 

S 43 SI 

57822 

61037 

64030 

66830 

69460 

71940 

-4286 

46517 

50643 

54411 

57878 

61089 

640-8 

66875 

69502 

71980 

74324 

46589 

50709 

54471 

57934 

61 140 

64126 

66920 

69545 

72020 

74362 

46661 

50774 

54531 

57989 

61192 

64174 

6C965 

69587 

72060 

74400 

46733 

50840 

54591 

58044 

6 i |43 

64222 

67010 

69630 

72100 

74438 

46805 

50905 

54651 

58100 

61294 

1 64270 

67055 

69672 

72140 

74476 

46876 

50970 

547 1 1 

58155 

1 61346 

64318 

67100 

69714 

72180 

74514 

46948 

51035 

54771 

58210 

61397 

64366 

67145 

69757 

72220 

74551 

47019 

51 100 

54830 

58265 

' 61448 

64414 

67190 

69799 

72260 

74589 

47C90 

51165 

54890 

5832c 

61499 

64461 

67234 

69841 

72300 

74627 

47162 

51230 

54949 

58375 

61550 

64509 

67279 

69883 

72340 

74665 

47^33 

51294 

55008 

58430 

6 1601 

64557 

67324 

69925 

72380 

74703 

.47303 

5«359 

55068 

58485 

61652 

64604 

67369 

69967 

72419 

74740 

[47374 

51423 

55127 

58539 

61703 

64652 

67413 

70009 

1 72459 

74778 

147445 

51488 

55186 

58594 

61754 

64699 

67458 

70051 

72499 

74815 

47515 

51552 

55245 

58649 

61805 

64747 

67502 

7C093 

72538 

74853 

47586 

51616 

55304 

58703 

61855 

64794 

67547 

70135 

72578 

74891 

47656 

51680 

55363 

58758 

61906 

6^842 

67591 

70177 

72618 

74928 

477^6 

51744 

55422 

58812 

61957 

64889 

67636 

70219 

72657 

74966 

47797 

5 1808 

55481 

[ 58866 

62007 

64936 

67680 

70261 

72697 

75003 

47867 

51872 

55539 

58921 

62058 

64983 

67724 

70302 

72736 

75040 

47936 

51936 

55598 

58975 

62108 

65030 

67768 

70344 

72775 

75078 

48006 

51999 

55656 

59029 

62158 

65078 

67813 

70386 

72815 

75115 

48076 

52063 

55715 

59083 

62209 

65125 

67857 

70427 

72854 

75153 

48145 

52126 

55773 

59137 

62259 

65172 

67901 

70469 

72894 

75190 

48215 

52190 

55831 

59191 

62309 

65218 

67945 

70510 

1 72933 

75227 

1 48284 

5^253 

55889 

59245 

62359 

65265 

67989 

70552 

72972 

75264 

+**353 

52316 

55948 

59299 

62409 

65312 

68033 

70593 

73011 

75302 

48422 

52379 

56006 

59352 

62459 

63359 

68077 

70635 

73050 

75339 

48491 

52442 

56064 

59406 j 

62509 

65406 

68121 

70676 

73090 

75376 

48560 

52505 

56121 

59459 

62559 

654C2 

68165 

70718 

73129 

75413 

48629 

52568 

56179 

59513 

62609 

65499 

68208 

70759 

73168 

75450 

4869S 

52631 

56237 

59566 

6:659 

65545 

6S252 

70800 

73207 

75487 

48766 

52693 

56295 

59620 

62708 ; 

65592 

68296 

70841 

73246 

755^4 

48S35 

52756 

56352 

59673 

62758 

65638 

6S340 

708S3 

73285 

75561 

48903 

52818 

56410 

59726 

62808 

1 65685 ' 

68383 

70924 

73324 

75598 

48971 

52881 

56467 

59780 

62857 

65731 i 

1 68427 

70965 

73363 

75635 

49039 

52943 

56524 

59833 

62907 

65778 i 

1 <>8470 

71006 

73401 

75672 

49107 

5V 05 

565S2 


62056 


68 514 

71047 

73440 

75709 

49175 

53067 

56639 

59939 

63006 

65870 

68557 

71088 

73479 

75745 

49243 

53129 

56696 

59992 

63055 

65916 

68601 

71129 

73518 

75782 

49311 

53191 

56753 

60045 

63 104 

65962 

68644 

71170I 

73557 

75819 

49379 

53253 

56810 

60097 

63153 

66008 

686S7 

71211 

73595 

75856 

49446 

53315 

56S67 

60150 

63203 

66055 

68731 

71251 

73634 

75892 

49513 

53376 

56924 

60203 

63252 

66101 

68774 

71292 

73673 

75929 

49581 

53438 

56980 

60255 

63301 

66146 

68S17 

71333 

73711 

75966 

49648 

53499 

57037 

60308 

63350 

66192 

68860 

71374 

73750 

76002 

49715 

53561 

57094: 

60360 

63399 

66238 

68903 

71414 

73788 

76039 

49782 

53622 

57150 

60413 

63448 

66284 

^58946 

71455 

73827 

76075 


-r7 — 

49916 53744 
49982 53805 
50049 53866 
50115 53927 
50182 53988 
50248 54049 
50314 54109 
50380 54170 
50446 54230 
50512 54291 

ft!)° 48 ' I 

4?- 


63496 66330 68980 71496 
63545 66375 ^69032 71536 
63594 66421 69075 74577 
63642 66467 69118 71617 
63691 66512 69161 71658 
63740 66558 69204 71698 
63788 66603 69247 71739 
63837 66649 69289 71779 

, 63885 66694 69332 71819 
63933 66739 69375171859 
63982 66-84 60417 719C0 

1 4r»'«9° 44' H9 4 ' 2 '\ 
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TABLE 66 




LOG. S 

INES 

OF SMALL 

xncs 

ro Each second 



// 

0 ° 40 ' 

0 ° 41 ' 

0 ° 42 ' 

0 ® 43 ' 

0 ® 44 ' 

0® 46 ' 

0° 46' 

0 ° 47 ' 

0 ° 48 ' 

0 ° 49 ' 

u 


8* 

8- 

8- 

8- 

8- 

8* 

8- 

8* 

8- 

8- 


0 

06578 

07650 

08696 

09718 

10717 

11693 

12647 

13581 

14495 

15391 

80 

1 

06596 

07668 

08714 

09735 

10733 

1 1 709 

12663 

13596 

14510 

15406 

TiO 

o 

06614 

07685 

08731 

09752 

10750 

11725 

12679 

13612 

14525 

15420 

r>a 

3 

06632 

07703 

08748 

09769 

10766 

11741 

12694 

13627 

14541 

15435 

67 

4 

06650 

07721 

08765 

09786 

10782 

11757 

12710 

13643 

14556 

15450 

5 o 

5 

06668 

07738 

08783 

09802 

10799 

g,i 773 

12726 

13658 

14571 

15465 

55 

6‘ 

06686 

07756 

08800 

09819 

10815 

11789 

12741 

13673 

14586 

15479 

54 

7 

06704 

07773 

08817 

09836 

10832 

1180^ 

12757 

13689 

14601 

15494 

58 

8 

06722 

07791 

08834 

09853 

10848 

11821 

12773 

13704 

14616 

15509 

5 ‘i 

9 

06740 

07809 

08851 

09870 

10864 

11837 

12788 

13719 

14631 

15523 

51 

10 

06758 

07826 

08868 

09886 

1088 T 

11853 

12804 

13735 

14646 


60 

11 

06776 

07844 

08886 

09903 

10897 

11869 

12820 

13750 

14661 

15553 

49 

12 

06794 

07861 

08903 

09920 

109 14 

11885 

12835 

13765 

14676 

15568 

48 

13 

06812 

07879 

08920 

09937 

10930 

11901 

12851 

13781 

14691 

.5587. 

47 

14 

06830 

07896 

08937 

09953 

10946 

11917 

12867 

13796 

14706 

*5597 

46 

15 

06848 

07914 

08954 

09970 

10963 

11933 

12882 

13811 

14721 

15612 

45 

1 (J 

06866 

07932 

08971 

09987 

10979 

11949 

12898 

13827 

14736 

15626 

44 

17 

06884 

07949 

08988 

10004 

10995 

11965 

12914 

13842 

14751 

15641 

4.8 

18 

06902 

07967 

09006 

10020 

1 1012 

11981 

12929 

13857 

14766 

15656 

42 

19 

06920 

07984 

09023 

10037 

I 1028 1 

11997 

12945 

13873 

14781 

15670 

41 

20 

06938 

08002 

09040 

10054 

1 1044 

12013 

12961 

13888 

14796 

15685 

40 

21 

06956 

08019 

09057 

10070 

II061 

12029 

12976 

13903 

14811 

15700 

89 

22 

06974 

08037 

09074 

10087 

11077 

12045 

12992 

13919 

14826 

15714 

38 

23 

06992 

08054 

09091 

10104 

I 1093 

12061 

13007 

13934 

14841 

15729 

:^7 

24 

07010 

08072 

09108 

10120 

lino 

12077 

13023 

13949 

14856 

15744 

8u 

25 

07028 

08089 

09125 

10137 

11126 

12093 

13039 

13964 

14871 

15758 

8.) 

26 

07046 

08107 

09142 

10 1 54 

1 1 142 

12109 

13054 

13980 

14886 

15773 

84 

27 1 

07063 

08 124 

09159 

10170 

11159 

12125 

13070 

13995 

14901 

15788 

38 

28 

07081 

08141 

09176 

10187 

11175 

12141 

13085 

14010 

14915 

15802 

82 

29 

07099 

08159 

51121 

10204 

1 1 191 

12157 

13101 

14025 

14930 

15817 

31 

30 

07117 

08176 

09210 

10220 

1 1207 

12172 

13117 

14041 

14945 

15832 

80 

31 

07135 

08194 

09227 

10237 

11224 

12188 

13132 

14056 

14960 

15846 

29 

32 

07153 

08211 

09244 

10254 

11240 

12204 

13148 

14071 

14975 

15861 

28 


il 











TABLE 66 


685 


LOG. SINES OF SMALL ARCS TO EACH SECOND 


0° 50' 0° 61' 0" 62' 


0 6.9' 





19071 19877 
19084 19891 
19098 19904 
19111 19917 
19125 19931 


22713 23456 
22726 23468 
22738 23480 
22751 23492 
22763 23505 
22776 23517 
22788 23529 
22801 23541 
22S13 i35S4 
22826 23566 
22838 23578 
22850 23590 
22863 23603 
22875 23615 
22888 23627 
22900 23639 
22913 23652 
22925 23664 
22937 23676 
22950 23688 
22962 237CO 
22975 23713 
22987 23725 
22999 ^3737 
23012 23749 

23024 23761 
^3^37 3^3773 
23049 23786 
23061 23798 
23074 23810 
23086 23822 
23098 23834 
231 II 23846 
23123 23859 
23136 23871 
23148 23883 
23160 23895 

^3173 ^39^7 

231'S5 23919 

23197 2393* 


I 9 34 I 20143 
>9355 ^0156 
19368 20170 
19382 20183 
19395 20196 


>9543 -0341 

19557 20354 

19570 2036S 
19583 20381 
119597 203^4 
I 15,610 20407 

89 ^ 6 ' 89 ^ 6 ' 



89° r 89° 0' 



686 


TABLE 66 


LOG. SINES OF SMALL ARCS TO EACH SECOND 


// 

© 

0 

>-4 

1° r 

1° 2' 

1° 3' 

1° 4' 

1° 6' 

1° 6' 

1° r 

1° 8' 

1" 9' 

'' 


8- 

8- 

8- 

8- 

8* 

8* 

8* 

8‘ 

8- 

8- 

M 

0 

241855 

249033 

256094 

263042 

269881 

276614 

283243 

289773 

296207 

302546 

El 

1 

241Q76 

249152 

256211 

263157 

269994 

*767*5 

*83353 

289881 

*96313 

302651 

El 


242097 

249270 

*56328 

263272 

270107 

276836 

*83463 

289989 

296420 

302756 

Bi 


242217 

*49389 

*56444 

263387 

270220 

276948 

*8357* 

290097 

296526 

.302861 

A7 


242338 

249507 

*56561 

363502 

*70333 

*77059 

283682 

290205 

296632 

302965 

66 

6 

242458 

249626 

256678 

263616 

270446 

*77*70 

283791 

290313 

296739 

303070 

5o 

e 

242578 

*49744 

256794 

*6373* 

*70559 

277281 

283901 

290421 

296845 

303*75 

54 


242699 

249863 

256911 

263846 

270672 

277392 

284010 

2905*9 

296951 

303280 

58 


242819 

*49981 

257027 

263960 

270785 

*77503 

284120 

290637 

*97057 

303384 

5‘i 


242940 

250100 

257144 

264075 

27089X 

277615 

284229 

*90745 

297164 

303489 

51 


243060 

243180 

243300 

243421 

243541 

243661 

243781 

243901 

244021 

244141 


244261 
244381 
244501 
244621 
244741 
244861 
2449 So 
245 100 
245220 
^45339 


245459 

245579 

245698 

245818 

245937 

246057 

246176 

246296 

246415 

246534 


246654 
246773 
246892 
2470 I I 
247131 
247250 
247369 
247488 
247607 
247726 


250218 

250336 

250455 

250573 

250691 

250809 

250927 

251045 

251164 

251282 


251400 

251518 

251636 

251754 

251S71 

251989 

252107 

252225 

252343 

252460 


252578 

252696 

252813 

252931 

253049 

253166 

253284 

253401 

253519 

253636 


253753 

253871 

253988 

254105 

254223 

254340 

254457 

254574 

254691 

254808 


257260 

257376 

257493 

257609 

257725 

257842 

257958 

258074 

25S190 

258307 


258423 

258539 

25865s 

258771 

258887 

259003 

259119 

259235 

259351 

259466 


259582 

259698 

259814 

259929 

260045 

260161 

260276 

260392 

260508 

7.60623 


260739 
260854 
260970 
2610S5 
2612C0 
261316 
261431 
26 1 546 
261662 
261777 


264190 

264304 

264419 

264533 

264648 

264762 

264877 

264991 

265105 

265220 


265334 

265448 

265562 

265677 

265791 

265905 

266019 

266133 

266247 

266361 


266475 

266589 

266703 

266817 

266931 

267045 

267158 

267272 

267386 

267500 


267613 

267727 

267841 

267954 

268068 

268181 

268295 

268408 

268522 

268635 


271010 

271123 

271236 

271349 

271461 

271574 

271687 

271799 

271912 

272024 


272137 

272249 

272362 

272474 

272587 

272699 

272811 

272924 

273036 

273148 


273260 

^73373 

273485 

273597 

273709 

273821 

*73933 

274045 

274157 

*74*69 


*74381 

274493 

274605 

*74717 

274828 

*74940 

275052 

275164 

275*75 

275387 


277726 

*77837 

*77948 

278059 

278170 

278281 

278391 

278502 

*78613 

278724 


278835 

278946 

279056 

279167 

279278 

279388 

279499 

279610 

279720 

27983* 


27994* 

280052 

280162 

280272 

280383 

280493 

280604 

280714 

280824 

280934 


281045 

*81155 

281265 

281375 

281485 

*81595 

281705 

281815 

281925 

282035 


284339 

284448 

*84557 

284667 

284776 

284885 

284994 

285104 

285213 

285322 


285431 

285540 

285649 

285758 

285867 

285976 

286085 

286194 

286303 

286412 


286521 

286629 

286738 

286847 

286956 

287064 

287173 

287282 

287390 

287499 


287608 
287716 
287825 
287933 
288042 
288 1 50 
288259 
288367 
288475 
288584 


290852 
290960 
29 1068 
291175 
291283 
291391 
291498 
291606 
291713 
291821 


291928 

292036 

292143 

292251 

292358 

292466 

292573 

292680 

292787 

*9*895 


293002 

293109 

293216 

*933*4 

*9343* 

293538 

*93645 

293752 

293859 

293966 


294073 

294180 

294287 

*94394 

294500 

294607 

294714 

294821 

294928 

*9S034 


297270 

297376 

297482 

297588 

297694 

297800 

297906 

298012 

298118 

298224 


M03594 

303698 

303803 

303907 

304012 

304117 

304221 

304325 

304430 

304534 


298330 

298436 

298542 

298648 

298754 

298859 

298965 

299071 

299177 

299282 


299388 

299494 

*99599 

299705 

299810 

299916 

300021 

300127 

300232 

300338 


300443 

300549 

300654 

300759 

300865 

300970 

301075 

301180 

301286 

30*39* 


304639 

304743 

304847 

304952 

305056 

305160 

305265 

305369 

305473 

3 05577 

305681 

305785 

305890 

305994 

306098 

306202 

306306 

30641c 

306514 

306618 


306721 

306825 

306929 

307033 

307*37 

307241 

307344 

307448 

30755* 

307655 


*47845 

*47964 

248083 

248202 

*48321 

248440 

248558 

24867^7 

1 *48796 

‘ 248914 
249033 


-88° o9' 


*549*5 

255042 

*55*59 

255*76 

*55393 

*555*0 

*556*7 

*55744 

255861 

255978 

*56094 


261892 

262007 

262122 

262237 

262353 

262468 

262583 

262698 

262813 

262927 

263042 


268749 

268862 

268975 

269089 

269202 

*693*5 

269428 

269542 

269655 

269768 

269881 


*75499 

175610 

*757*2 

*75833 

*75945 

276057 

276168 

276279 

276391 

276502 

276614 


282145 

282255 

282365 

282475 

282585 

282695 

282805 

282914 

2S3024 

*83134 

*83*43 


88® 68' 


88 ^ 67 ' 


88° se' 


288692 

288800 

288908 

289017 

289125 

*89233 

289341 

289449 

289557 

289665 

*89773 


295*4* 

295248 

*95354 

295461 

295568 

295674 

295781 

295887 

295994 

296100 

296207 


301496 

301601 

301706 

301811 

301916 

302021 

302126 

302231 

302336 

302441 

302546 


307759 

307863 

307966 

308070 

308173 

308277 

308380 

3084S4 

308587 

308691 

308794 


88° 56' I 88° 54' 88° 53' 88° 62' 88° 61'|88° 60 


Cosink 







TABLE 6b 


687 


LOG. SINES OF SMALL ARCS TO EACH SECOND 


1 ® Ky 1 ® \V 1° 12' 1° 13 ' 



88 ® 49 ' 88 ® 48 ' 88® 47 ' 88® 46 ' 88® 45'|88® 44'|88 ' 43 ' 


1 ° 17 ' 

1 ® 18 ' 

1 ° 19 ' 

8- 

8- 

8- 

350181 

355783 

361315 

350^75 

355876 

361407 

350368 

355969 

361498 

350462 

356062 

361590 

350556 

356154 

361681^ 

350650 

356247 

361773 

350744 

356340 

361864 

350838 

356432 

361956 

350932 

356525 

362047 

351026 

356618 

362139 

351119 

356710 

362230 

351213 

356803 

362321 

351307 

356895 

3624*3 

351401 

3 56988 

362504 

351494 

357080 

362596 

35 is «8 

357173 

362687 

351682 

357265 

362778 

35^775 

357358 

362870 

351869 

357450 

362961 

351963 

3>7543 

363052 

352C56 

357635 

363143 

352150 

357728 

363234 

352243 

357820 

363326 

352-337 

357912 

363417 

35^430 

358 -'C 5 

363508 

352524 

358097 

363599 

352617 

358189 

363690 

352711 

358281 

363781 

352804 

358374 

363872 

3 52898 

^ <;8466 

363063 

352991 

^58558 

364CS5 

35308- 

358650 

364146 

3';'^178 

358742 

364237 

35327* j 

358835 

364328 

353364' 

358927 

364419 

353458 

359019 

364509 

35355 * 

359 >ii 

364600 

353644 

359203 

36469 1 

353737 

359295 

364782 

3^383* 

350387 

364873 

353924 

359479 

364964 

354017 

359571 

365055 

3541.0 

359663 

365146 

354203 , 

359755 

365236 

354296 

359847 

365327 

354389 

359939 

36.5418 

354483 

360031 

365509 

354576 

360122 

365599 

354669 

3602 14 

365690 

^ 47 ^ 

360306 

365781 

354855 

360398 

365871 

354948 

360490 

365962 

,355041 

360582 

366053 

355*33 

360673 

366143 

355226 

360765 

366234 

3553*9 

360857 

366324 

3554*2 

360948 

366415 

355505 

361040 

366505 

355598 

361132 

366596 

35569* 

361223 

1 366686 

■? 5 S 783 

361315 

366777 

88 ^ 42 ' 

88 ® 41 ' 

188 ^ 40 ' 












688 


TABLE 66 




LOG. SINES OF SMALL ARCS TO EACl 

a SECOND 



20' 

1° 21' 

1° 22' 

1° 23 ' 

1 ° 24 ' 

1 ° 25 ' 

1° 26 ' 

1° 27 ' 

r 28 ' 

1° 29 ' ” 


8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8* 

8* 

0 

366777 

372171 

377499 

382762 

387962 

393101 

398179 

403199 

408161 

413068 60 

1 

366867 

372260 

377587 

382849 

388048 

393186 

398263 

403282 

408244 

413 149 59 

2 

366958 

372350 

377675 

382936 

3S8134 

393271 

398348 

403365 

408326 

413230 68 

3 

367048 

372439 

377763 

383024 

388221 

393356 

398432 

403448 

408408 

413311 57 

4 

367139 

372528 

377852 

383111 

388307 

393441 

398516 

403532 

408490 

413393 66 

5 

367229 

372617 

377940 

383198 

388393 

3 ^ 35^6 

398600 

403615 

408572 

413474 55 

6 

367319 

372707 

378028 

3 » 3^85 

388479 

393611 

398684 

403698 

408654 

413555 64 

7 

367410 

372796 

378116 

38337^ 

388565 

393696 

398768 

403781 

408737 

413636 63 

fi 

367500 

372885 

378204 

383459 

38S651 

393781 

398852 

403864 

408819 

413718 52 

0 

367590 

372974 

378292 

383546 

388737 

393866 

398936 

403947 

408901 

413799 51 

10 

367681 

373063 

378380 

383653 

388823 

393951 

399020 

404030 

408983 

413880 60 

11 

367771 

373153 

378^69 

383720 

388909 

394036 

399104 

4041 13 

409065 

413961 49 

12 

367S61 

373242 

378557 

383807 

388995 

394121 

399188 

^ 04 I 96 

409147 

414042 48 

13 

367951 

373331 

37S645 

383894 

389081 

394206 

399272 

404279 

409229 

414123 47 

14 

368042 

373420 

378733 

383981 

389167 

394291 

399356 

404362 

4093 II 

414204 46 

15 

368132 

373509 

378821 

384068 

389253 

394376 

399440 

404445 

409393 

414286 46 

10 

368222 

373598 

378909 

384155 

389338 

394461 

399524 

404528 

409475 

414367 44 

17 

368312 

373687 

378997 

384242 

389424 

394546 

399607 

4046 1 1 

409557 

414448 43 

18 

368402 

373776 

379084 

384329 

389510 

394631 

399691 

404694 

409639 

414529 42 

10 

368492 

373865 

379172 

384415 

389596 

394715 

399775 

404777 

409721 

414610 41 

20 

368582 

373954 

379260 

384502 

389682 

394800 

399859 

404859 

409803 

414691 40 

21 

368672 

374043 

379348 

384589 

389768 

394885 

399943 

404942 

409885 

414772 39 

22 

368763 

374132 

379436 

384676 

389853 

394970 

400027 

405025 

409967 

414853 38 

23 

368853 

374221 

379524 

384763 

389939 

395055 

4001 10 

405108 

410049 

414934 37 

24 

368943 

374310 

379612 

384850 

390025 

395139 

400194 

405191 

410131 

41 50 1 5 36 

25 

369033 

374399 

379700 

384936 

390111 

395224 

400278 

405274 

410212 

415096 35 

2G 

369123 

374488 

379787 

385023 

390196 

395309 

400362 

405356 

410294 

415177 34 

27 

369213 

374577 

379875 

385110 

390282 

395393 

400445 

405439 

410376 

415257 33 

28 

369302 

374665 

379963 

3^5197 

390368 

395478 

400529 

405522 

410458 

415338 32 

20 

369392 

374754 

380051 

3S5283 

390453 

395563 

4006 1 3 

405605 

410540 

415419 31 

30 

369482 

374843 

380138 

385370’ 

385457 

390539 

395647 

400696 

405687 

410621 

415500 30 

31 

369572 

374932 

380226 

390625 

395732 

395817 

400780 

405770 

410703 

415581 29 

32 

369662 

375021 

380314 

385543 

390710 

400864 

405853 

410785 

415662 28 

33 

369752 

375109 

380401 

385630 

390796 

395901 

400947 

405935 

410867 

415743 27 

34 

369842 

375198 

380489 

385716 

390882 

395986 

40103 1 

406018 

410948 

415823 26 

35 

369932 

375287 

380577 

385803 

390967 

396070 

401115 

406101 

41 1030 

415904 25 

30 

370C21 

375375 

3806^4 

385890 

391053 

396155 

401198 

406183 

411112 

415985 24 

37 

370111 

375464 

380752 

385976 

391138 

396240 

401282 

406266 

1 411193 

416066 23 

38 

370201 

375553 

380840 

386063 

391224 

396324 

401365 

406348 

411275 

416146 22 

30 

370291 

375641 

380927 

3S6 J49 


396409 

401449 

40643 1 

411357 

416227 21 

40 

370380 

375730 

381015 

386236 

391395 

396493 

401532 

406514 

411438 

416308 20 

41 

370470 

375819 

381102 

386322 

391480 

396578 

401616 

406596 

411520 

416389 19 

42 

370560 

375907 

381190 

386409 

391566 

396662 

401699 

406679 

41 1602 

416469 18 

43 

370649 

375996 

381277 

386495 

391651 

396746 

401783 

406761 

41 1683 

416550 17 

44 

370739 

376084 

381365 

386582 

391736 

396831 

401866 

406844 

411765 

416631 16 

45 

370829 

376173 

381452 

386668 

391822 

396915 

401.950 

406926 

411846 

416711 16 

46 

370918 

376261 

381540 

386754 

391907 

397000 

402033 

4070C9 

411928 

416792 14 

47 

371008 

376350 

381627 

386841 

391993 

397084 

402116 

407091 

412009 

416872 13 

48 

371097 

376438 

381714 

386927 

392078 

397168 

402200 

407173 

412091 

416953 12 

40 

371187 

376527 

381802 

387013 

392163 

V ;7253 

402283 

407256 

412172 

417034 11 

50 

371277 

376615 

381889 

387100 

392249 

397337 

402366 

407338 

412254 

417114 10 

51 

371366 

376704 

381977 

387186 

39^334 

397421 

402450 

407421 

412335 

417195 9 

52 

371456 

376792 

382064 

387272 

392419 

397506 

402533 

407503 

412417 

417275 8 

53 

54 

371545 

376881^ 

382151 

387359 

392504 

397590 

402616 

407585 

412498 

417356 7 

371635 

376969 

382239 

387445 

392590 

397674 

402700 

407668 

412579 

417436 6 

55 

371724 

37/057 

382326 

387531 

392675 

397758 

402783 

407750 

412661 

417517 6 

56 

371813 

377146 

382413 

387617 

392760 

397843 

402866 

407832 

412742 

417597 4 

57 

371903. 

377234 

382500 

387704 

392845 

397927 

402949 

407915 

412824 

417678 3 

58 

371992 

377322 

382588 

387790 

392930 

398011 

403033 

407997 

412905 

417758 2 

50 

372082 

377411 

382675 

387876 

393016 

398095 

403116 

408079 

412986 

417839 1 

60 

372171 

1 377499 

382762 

387962 

393101 

398179 

403199 

408161 

413068 

417919 ® 

// 

88*^ 

i 88^ 38 ' 

as 37' 

68° :i6' 

88^ 35 ' 

88° 34 ' 

88 33 ' 

eo 

0 

00 

00 

88 31 ' 

88° 30' " 




TABLE G7 


aag 




LOG. SINES OF SMALL ARCS TO TEN 

SECONDS 


o / 

0" 

1 10" 

20" 

30 " 

40 " 

50 " 

60 " 

Purts 

0 / 


8 

8- 

8- 

8- 

8* 

8- 

8- 



1 30 

417919 

418722 

419524 

420325 

421123 

42 I 92 I 

422717 

32 ' 37 ' 

88 2ft 

1 31 

422717 

423511 

424304 

425096 

425886 

426675 

427462 

1" 78 74 

88 28 

I 32 

427462 

428248 

429032 

429815 

430597 

431377 

432156 

2 156 148 

88 27 

1 33 

432156 

432934 

433710 

434484 

435257 

436029 

436800 

3 2'?5 22-? 

88 26 

1 34 

436800 

437569 

438337 

439103 

439868 

440632 

441394 

4 313 297 

88 25 

1 35 

441394 

442156 

442915 

443674 

444431 

445186 

445941 

5 391 371 

88 24 

1 3 « 

445941 

446694 

447446 

448196* 

448946 

449694 

450440 

6 469 445 

88 23 

1 37 

450440 

451186 

451930 

452673 

453414 

454154 

454893 

7 547 519 

88 22 

1 38 

454893 

455631 

456368 

457103 

457837 

458570 

459301 

8 626 594 

88 21 

1 3 ft 

459301 

460032 

460761 

461489 

462215 

462941 

463665 

9 704 668 

88 20 

1 40 

463665 

464388 

465110 

465830 

466550 

467268 

467985 

42 ' 47' 

88 1ft 

I 41 

467985 

468701 

469416 

470129 

470841 

471553 

472263 

1' 71 -67 

88 18 

1 42 

472263 

472971 

473679 

474386 

475091 

475795 

476498 

2 141 135 

88 17 

1 43 

476498 

477200 

477901 

478601 

479299 

479997 

480693 

3 212 202 

88 lO 

1 44 

480693 

481388 

482083 

482776 

483467 

484158 

484848 

4 282 269 

88 15 

1 45 

484^4^ 

485536 

486224 

486910 

487596 

488280 

488063 

5 353 336 

88 14 

1 40 

488963 

489645 

490326 

491C06 

491685 

492363 

493040 

6 424 404 

88 13 

1 47 

493040 

493715 

494390 

495064 

495736 

496408 

497078 

7 494 471 

88 12 

1 48 

497078 

497748 

498416 

499084 

499750 

5004 1 6 

501080 

8 565 538 

88 11 

1 4 ft 

501080 

501743 

502405 

503067 

503727 

504386 

505045 

9 635 6c6 

88 Ift 

1 50 

505045 

505702 

506358 

507014 

<507668 

508321 

508974 

62 ' 67' 

88 .ft 

1 51 

508974 

509625 

510275 

510925 

511573 

512221 

512867 

1" 64 62 

88 8 

1 52 

512867 

513513 

514157 

514801 

515444 

516086 

516726 

2 129 123 

88 7 

1 53 

516726 

517366 

518005 

518643 

519280 

519916 

520551 

3 193 185 

88 0 

1 54 

5^0551 

521186 

521819 

522451 

523083 

523713 

524343 

4 257 246 

88 5 

1 55 

5^4343 

524972 

525599 

526226 

526852 

5^7477 

528102 

5 321 308 

88 4 

1 50 

52S102 

528725 

529347 

529969 

530590 

531209 

531828 

6 386 370 

88 3 

1 67 

531828 

532446 

533063 

533679 

534295 

534909 

535523 

7 450 431 

88 2 

1 58 

5355^3 

536136 

536747 

537358 

537969 

538578 

539186 

8 514 493 

88 1 

1 59 

539186 

539794 

540401 

541007 

541612 

542216 

542819 

9 579 554 

68 0 

2 0 

542819 

543422 

544023 

' 544624 

545224 

545823 

546422 

2- 7 ' 

87 5 ft 

2 1 

546422 

547019 

547616 

548212 

548807 

549401 

549995 

i ' 59 57 

87 58 

2 2 

549995 

550587 

551179 

551770 

552361 

552950 

553539 

2 118 113 

87 57 

2 3 

553539 

554126 

554713 

‘^55300 

555885 

556470 

557054 

3 177 170 

87 56 

2 4 

557054 

557637 

558219 

558.801 

559381 

559961 

560540 

4 236 227 

87 66 

2 5 

560540 

561119 

561696 

562273 

562849 

563425 

563999 

5 295 284 

87 64 

2 a 

563999 

564573 

565146 

565719 

566290 

566861 

567431 

6 355 340 

87 63 

2 7 

567431 

568000 

568569 

569137 

569704 

570270 

570836 

7 414 397 

87 62 

2 H 

570836 

571401 

571965 

572528 

573091 

573653 

574214 

8 473 454 

87 51 

2 9 

574^14 

574774 

575354 

575893 

576451 

577009 

577566 

9 532 510 

87 50 

2 10 

577566 

578122 

578678 

579232 

579786 

580340 

580892 

12' 17' 

87 4 ft 

2 11 

580892 1 

581444 

581995 

582546 

583096 

583645 

584193 

55 53 

87 48 

2 12 

5^4193 i 

584741 

585288 

585834 

586380 

586925 

587469 

2 109 105 

87 47 

2 13 

587469 

588013 

588556 

589098 

589640 

590181 

590721 

3 164 158 

87 46 

2 14 

590721 

591260 

591799 

592338 

592875 

593412 

593948 

4 218 210 

87 45 

2 15 

593948 

594484 

595019 

595553 

596086 

596619 

597152 

5 273 263 

87 44 

2 16 

597152 

597683 

598214 

598745 

599274 

599803 

600332 

6 328 316 

87 43 

2 17 

600332 

600859 

601387 

601913 

602439 

602964 

603489 

7 382 368 

87 42 

2 18 

603489 

604012 

604536 

605058 

605580 

606102 

606623 

8 437 421 

87 41 

2 1ft 

I 606623 

607143 

607662 

608181 

608699 

609217 

609734 

9 491 473 

87 40 

2 20 

609734 

610251 

610766 

611282 

611796 

612310 

612823 

22' 27' 

87 3 ft 

2 21 

612823 

613336 

613848 

614360 

614871 

615381 

615891 

1" SI 49 

87 38 

2 22 

615891 

6 1 6400 

616909 

1 617417 

617924 

618431 

618937 

2 102 98 

87 37 

2 23 

618937 

619442 

619947 

620452 

620956 

621459 

i *621962 

3 152 147 

87 36 

2 24 

621962 

622464 

622965 

' 623466 

623966 

624466 

624965'" 

4 203 196 

87 35 

2 25 

1 624965 

625464 

625962 

626459 

626956 

627453 

627948 

5 254 245 

87 34 

2 26 

627948 

628444 

628938 

629432 

629926 

630419 

630911 

6 305 294 

87 33 

2 27 

630911 

631403 

631894 

632385 

632875 

633365 

633854 

7 356 34^3 

87 32 

2 28 

633854 

634342 

634830 

635317 

635804 

636291 

636776 

8 406 392 

87 31 

2 29 

636776 

637262 

637746 

638230 

638714 

639197 

639680 

9 457 441 

87 30 

_2 30 

639680 

640 I 62 

64064s 

641124 

641604 

642084 

642563 


87 29 

0 / 

60 " 

60 " 

40 " 

30 " 

20" 1 

10" 

0" 

Parts 

b / 

1 COSTNE 1 


^ T 



690 


TABLE 67 


LOG. SINES OF SMALL ARCS TO TEN SECONDS 


o / 

O'' 

10' 

20" 

3 r 

40 " 

60 " 

00" 

Parts 

0 / 


8- 

8- 

8- 

8- 

8* 

8- 

8* 



2 30 

639680 

640162 

640643 

641124 

641604 

642084 

642563 

32 ' 37' 

87 2il 

2 31 


643042 

643520 

643998 

644475 

644952 

645428 

1" 47 46 

87 28 

2 32 

6454Z8 

645904 

646379 

646854 

647328 

647801 

648274 

2 95 92 

87 27 

2 33 

648274 

648747 

649219 

649690 

650161 

650632 

651102 

3 142 138 

87 26 

2 34 

651102 

651571 

652040 

652508 

652976 

653444 

653911 

4 190 184 

87 25 

2 35 

653911 

654377 

654843 

655308 

655773 

656238 

656702 

5 237 229 

87 24 

2 36 

656702 

657165 

657628 

658090 

65*552 

659014 

659475 

6 284 275 

87 23 

2 37 

659475 

659935 

660395 

660855 

661314 

661772 

662230 

7 332 321 

87 22 

2 38 

662230 

662688 

663145 

663602 

664058 

664513 

664968 

8 379 367 

87 21 

2 39 

664968 

665423 

665877 

666331 

666784 

667237 

667689 

9 427 413 

87 20 

2 40 

667689 

668141 

668592 

669043 

669494 

669944 

670393 

42 ' 47' 

87 10 

2 41 

670393 

670842 

671291 

671739 

672187 

672634 

673080 

1 " 45 43 

87 18 

2 42 

673080 

673527 

673972 

674418 

674863 

675307 

675751 

2 89 86 

87 17 

2 43 

67575* 

676194 

676638 

677080 

677522 

677964 

678405 

3 133 130 

87 16 

2 44 

678405 

678846 

679286 

679726 

680166 

680605 

681043 

4 178 173 

87 15 

2 45 

681043 

681481 

681919 

682356 

682793 

683230 

683665 

5 223 216 

87 14 

2 46 

683665 

684101 

684536 

684971 

685405 

685838 

686272 

6 267 259 

87 13 

2 47 

686272 

686705 

687137 

687569 

688001 

688432 

688863 

7 312 302 

«7 12 

2 48 

688863 

689293 

689723 

690152 

690581 

691010 

691438 

8 356 346 

87 11 

2 49 

691438 

691866 

692293 

692720 

693146 

693572 

693998 

9 400 389 

87 10 

2 50 

693998 

694423 

694848 

695272 

695696 

696120 

696543 

52 ' 57' 

87 9 

2 51 

696543 

696966 

697388 

697810 

698232 

698653 

699073 

1" 42 41 

87 8 

2 52 

699073 

699494 

699913 

700333 

7C0752 

701171 

701589 

2 84 82 

87 7 

2 53 

701589 

702007 

702424 

702841 

703258 

703674 

704090 

3 126 122 

87 C 

2 54 

704090 

704505 

704920 

705335 

705749 

706163 

706577 

4 168 163 

87 5 

2 55 

706577 

706990 

707402 

707815 

708226 

708638 

709049 

5 209 204 

87 4 

2 56 

709049 

709460 

709870 

710280 

710690 

711099 

711507 

6 251 244 

87 a 

2 67 

711507 

711916 

712324 

712731 

713139 

713546 

713952 

7 293 285 

87 2 

2 58 

713952 

714358 

7 ^4764 

715169 

715574 

715979 

716383 

8 335 326 

87 1 

2 59 

716383 

716787 

717190 

717593 

717996 

718398 

718800 

9 377 366 

87 0 

3 0 

718800 

719202 

719603 

720004 

720404 

720804 

721204 

2' 7' 

86 59 

3 1 

721204 

721603 

722002 

722401 

722799 

723197 

723595 

1" 40 39 

86 58 

3 2 

7^3595 

723992 

724389 

724785 

725181 

725577 

725972 

2 79 77 

86 67 

3 3 

725972 

726367 

726762 

727156 

727550 

727943 

728337 

3 119 116 

86 56 

3 4 

7**337 

728729 

729122 

729514 

729906. 

730297 

730688 

4 158 154 

86 55 

3 5 

730688 

731079 

731469 

731859 

732249 

732638 

733027 

5 198 193 

86 6-1 

3 6 

733027 

733416 

733804 

734192 

734579 

734967 

735354 

6 238 232 

86 53 

3 7 

735354 

735740 

736126 

736512 

736898 

737283 

737667 

7 277 270 

86 62 

3 8 

737667 

738052 

738436 

73S820 

739203 

739586 

739969 

8 317 309 

86 51 

3 9 

739969 

740352 

740734 

741115 

741497 

741878 

742259 

9 356 347 

86 50 

3 10 

742259 

742639 

743019 

743399 

743778 

744157 

744536 

12' 17' 

86 40 

3 11 

744536 

744914 

745^93 

745670 

746048 

746425 

746802 

1" 38 37 

86 48 

3 12 

746802 

747178 

747554 

747930 

748305 

748680 

749055 

2 75 73 

86 47 

3 13 

749055 

749430 

749804 

750178 

750551 

750924 

751297 

3 113 110 

86 46 

3 14 

751297 

751670 

752042 

752414 

752786 

753157 

753528 

4 150 146 

86 45 

3 15 

7535^8 

753898 

754269 

754639 

755008 

755378 

755747 

5 188 183 

86 44 

3 16 

755747 

756116 

756484 

756852 

757220 

757587 

757955 

6 226 220 

86 43 

3 17 

757955 

758321 

758688 

759054 

759420 

759786 

760151 

7 263 256 

86 42 

3 18 

760151 

760516 

760881 

761245 

761609 

761973 

762337 

8 301 293 

86 41 

3 19 

762337 

762700 

763063 

763425 

763787 

764149 

764511 

9 338 329 

86 40 

3 20 

764511 

764872 

765234 

765594 

765955 

766315 

766675 

22' 27' 

86 30 

3 21 

766675 

767034 

767394 

767752 

768111 

768469 

768828 

1" 36 35 

86 38 

3 22 

768828 

769185 

769543 

769900 

770257 

770613 

770970 

2 71 70 

86 37 

3 23 

770970 

771326 

77^681 

772037 

772392 

772747 

773101 

3 107 105 

86 36 

3 24 

773101 

773456 

773810 

774163 

774517 

774870 

775223 

4 143 139 

86 35 

3 25 

775223 

775575 

7759^7 1 

776279 

776631 

776982 

777333 

5 178 174 

86 34 

3 26 

777333 

777684 

778035 j 

778385 

778735 

779085 

779434 

6 214 209 

86 33 

3 27 

779434 

779783 

780132 

780480 

780829 

781177 

781524 

7 250 244 

86 32 

3 28 

781^24 

781872 

782219 

782566 

782912 

783259 

783605 

8 286 278 

86 31 

3 29 

783605 

783951 

784296 

784641 

784986 

785331 

785675 

9 321 313 

86 30 

3 30 

785675 

786019 

786363 

786707 

787050. 

787393 

787736 


86 29 

■"TI 

60 " 

50 " i 

40 " 

30 " 

20" 

10" 

0" 

Parts 

0 


Cosine 



TABLE 67 


691 


LOG. SINES OF SMALL ARCS TO TEN SECONDS 


o 

f 

0 " 

10" 

20" 


40 " 

60 " 

fiO" 

Parts 

0 

~/ 



8* 

8- 

8- 

8- 

8* 

8- 

8- 






3 

30 

785675 

786019 

786363 

786707 

787050 

787393 

787736 


32 

37 

86 29 

3 

31 

787736 

788078 

788421 

788762 

789104 

789446 

789787 


34 

33 

86 

28 

3 

32 

789787 

790128 

790468 

790808 

791149 

79 14S8 

791828 

2 

68 

66 

86 27 

3 

33 

791828 

792167 

792*106 

792845 

793183 

793521 

7938 S 9 

3 

102 

100 

86 

26 

3 

34 

793859 

794197 

794534 

794872 

795208 

795545 

795881 

4 

136 

133 

86 25 

3 

35 

795881 

796218 

796553 

796889 

^ 797^^24 

797559 

797894 

5 

170 

166 

86 

24 

3 

3 G 

,797894 

798229 

798563 

798897 

’ 799^31 

799564 

799897 

6 

204 169 

86 

23 

3 

37 

799897 

800230 

800563 

800896 

801228 

80 1 560 

801892 

7 

238 

232 

86 

22 

3 

38 

801892 

802223 

802554- 

802885 

803216 

803546 

803876 

8 

272 

266 

86 

21 

3 33 

803876 

804206 

804536 

804.866 

805195 

805524 

805852 

9 306 

299 

86 

20 

3 

40 

805852 

806 18 1 

806509 

806837 

807165 

807492 

807819 


42 ' 

47 ' 

86" 

19 

3 

41 

807S19 

808 146 

808473 

808799 

809126 

809451 

809777 

1' 

' 32 

3 * 

86 

18 

3 

42 

809777 

810103 

810428 

810753 

811078 

811402 

811726 

2 

65 

64 

86 17 

3 

43 

811726 

812050 

812374 

812698 

813021 

813344 

813667 

3 

97 

95 

86 

16 

3 

44 

813667 

813989 

814312 

814634 

814956 

815277 

815599 

4 

130 

127 

86 

16 

3 46 

815599 

815920 

816241 

816561 

816882 

817202 

817522 

5 

162 

159 

86 

14 

3 

46 * 

817522 

817841 

818161 

818480 

818799 

819118 

819436 

6 

195 

191 

8( 

13 

3 47 

819436 

S19755 

820073 

820390 

820708 

821025 

821343 

7 

228 

223 

86 

12 

3 48 

821343 

82i6£;9 

821976 

822292 

822609 

822925 

823240 

8 

261 

254 

86 

11 

3 

49 

823240 

823556 

823871 

824186 

824501 

824816 

825130 

9 

293 

286 

86 

10 

3 

50 

825130 

825444 

825758 

826072 

826385 

826698 

82701 1 


fy2 ' 

67 ' 

86 

9 

3 

51 

827011 

827324 

827637 

827949 

828261 

828573 

828884 

1 ' 

31 

30 

86 

8 

3 

52 

828884 

829196 

829507 

829818 

830129 

830439 

830749 

2 

62 

61 

86 

7 

3 

53 

830749 

831060 

831369 

831679 

831988 

832298 

832607 

3 

93 

91 

86 

6 

3 

54 

832607 

832915 

833224 

83353^^ 

833840 

834148 

834456 

4 

124 

122 

86 

5 

3 

55 

834456 

834763 

835070 

835377 

835684 

835991 

836297 

5 

155 

152 

86 

4 

3 

58 

836297 

836603 

836909 

837215 

837520 

837825 

838130 

6 

187 

182 

86 

3 

3 57 

838130 

83^435 

838740 

839044 

839348 

839652 

839956 

7 

218 

213 

86 

2 

3 58 

839956 

840260 

840563 

840866 

841169 

841472 

841774 

8 

249 

243 

86 

1 

3 

59 

841774 

842076 

842378 

842680 

842982 

843283 

843585 

9 

280 

274 

86 

0 

4 

0 

843585 

843886 

8441 

844487 

844787 

845087 

845387 


2 ' 

7' 

85 59 

4 

1 

845387 

S45687 

845987 

846286 

846585 

846884 

847183 

1 ' 

30 

29 

85 

58 

4 

2 

847183 

847481 

847780 

848078 

848376 

848673 

848971 

2 

60 

53 

85 67 

4 

3 

848971 

849268 

849565 

S49862 

850159 

850455 

850751 

3 

89 

88 

86 

56 

4 

4 

850751 

851047 

851343 

851639 

851934 

852229 

85^5^5 

4 

119 

117 

86 

55 

4 

5 

85^5^5 

852819 

853114 

853408 

853703 

853997 

854291 

5 

149 146 

86 

54 

4 

6 

854291 

854584 

854878 

855171 

855464 

855757 

856049 

a 

179 

175 

85 

53 

4 

7 

856049 

856342 

856634 

856926 

857218 

857510 

857801 

7 

209 204 

85 

52 

4 

8 

857801 

858092 

858383 

858674 

858965 

859255 

859546 

8 

238 234 

85 

51 

4 

9 

859546 

8 59S36 

860126 

86041 5 

860705 

860994 

861283 

9 268 26-^ 

85 

50 

4 

10 

861283 

861572 

861861 

862149 

862438 

862726 

863014 


12 ' 

ir 


4 

11 

863014 

863302 

863589 

863877 1 

864164 

864451 

864738 

1 ' 

30 

28 

85 

4« 

4 

12 

864738 

865024 

865311 

865597 1 

865883 

866169 

866455 

2 

57 

56 

85 47 

4 

13 

866455 

866740 

867025 

S67310 

867595 

867880 

868165 

3 

86 

84 

85 

46 

4 

14 

868165 

868449 

868733 

869017 

8169 30 1 

869585 

869868 

4 

114 

112 

85 45 

4 

15 

869868 

870151 

870434 

870717 

871000 

871282 

871565 

5 

143 

140 

85 

44 

4 

16 

871565 

871847 

872129 

872410 

872692 

872973 

873255 

6 

J72 

169 

85 

43 

4 

17 

873^55 

873536 

873817 

874097 

874378 

874658 

874938 

7 

200 

197 

85 

42 

4 

18 

874938 

875218 

875498 

875777 

876057 

876336 

876615 

8 

229 

225 

85 

41 

4 

19 

876615 

876894 

877172 j 

877451 

877729 

878007 

878285 

9 

257 

^53 

85 

40 

4 

20 

878285 

878563 

878841 

879118 

87939.S 

*879672 

879949 


22 ' 

27 ' 

85 

39 

4 

21 

879949 

880226 

880503 

880779 

881055 

881331 

881607 

1 ' 

28 

27 

85 


4 


881607 

881883 

882158 

882433 

882708 

882983 

883258 

2 

55 

54 

«r> 37 

4 

23 

883258 

883533 

883807 

8S4081 

884355 

8S4629 

884903 

3 

82 

81 

86 

36 

4 

24 

884903 

885177 

885450 

885723 

885996 

886269 

886542 

4 

110 

108 

85 

35 

4 

25 

886542 

886814 

887087 

887359 

887631 

887903 

888174 

5 

137 

135 

85 

34 

4 

26 

888174 

888446 

888717 

888988 

889259 

889530 

889801 

6 

165 

162 

85 

33 

« 27 

889S01 

89007 1 

890341 

890612 

890882 

891151 

891421 

7 

192 

189 

85 

32 

4 

28 

891421 

891690 

891960 

892229 

892498 

892767 

893035 

8 

220 

216 

85 

31 

4 

29 

^93035 

893304 

* 9357 ij, 

893840 

894108 

894376 

894643 

9 

247 243 

85 30 

4 

30 

894643 

894911 

89517* 

894445 

89571^ 

895979 

896246 




85 

29 

o 

f 

60^' 

60 " 

40 " 

30 " 

20 " 

10 " 

0 " 

Parts 

0 

-1 


Cosine 



092 


TABLE 68 


G. SINES, COSINES, dec. 


Oh o« 


/ // 

m. 

s. 

Sine 

b. 

Cosec. 

Tangent 

D. 

Cotang. 

Secant 

D. 

Cosine 

m. 

/ / 

0 

o 

— oo 


00 

— 00 


OQ 

lO'OCOOCO 

0 

lO-OCCCCO 

60 

60 ' 

30 

2 

6*162696 

477*2* 

* 3'837304 

6*162696 

477*21 

15-83730^ 

lO’OOCOCO 

0 

10*000000 

58 

3(1 

1 

4 

6*463726 

221849 

*3*536274 

6-463726 

221849 

13*536274 

10*000000 

0 

10*000000 

50 

59 

30 

6 

6639817 

146128 

13-360183 

6-6398 17 

146128 

*3*360183 

10*000000 

0 

lO'OOCOCO 

54 

30 

2 

8 

6*764756 

109145 

*3*235244 

6-764756 

*09*45 

*3*235244 

10*000000 

0 

10*000000 

5-2 

58 

30 

10 

6*861666 

87150 

* 3**38334 

6-86i666 

87*50 

*3**38334 

10*000000 

0 

10*000000 

50 

30 

3 

12 

6*040847 

72550 

13-059153 

6*940847 

f^ 55 * 

*3*059153 

10*000000 

0 

10*000000 

48 

57 

30 

14 

7-007794 

62148 

12-992206 

7*007794 

62148 

12*992206 

10*000000 

0 

10*000000 

46 

30 

4 

16 

7*065786 

5435S 

*2-934214 

7*065786 

543 57 

*2*934214 

10*000000 

0 

10*000000 

44 

66 

30 

18 

7*116939 

48305 

12-883061 

7*1*6939 

48305 

12*883061 

10*000000 

0 

10*000000 

42 

30 

5 

20 

7*162696 

4346'; 

12-837304 

7*162696 

43466 

12*837304 

0 

0 

0 

0 

0 

0 

0 

10*000000 

40 

56 

30 

22 

7*204089 

39509 

12-79591* 

7*204089 

39508 

12*795911 

10*000001 

0 

10*999999 

38 

30 

6 

24 

7*241877 

36212 

12-758123 

7*241878 

36213 

12*758122 

10*000001 

0 

9*999999 

30 

64 

30 

26 

7*2766^0 

33424 

12-723361 

7*276640 

33423 

12*723360 

10*000001 

0 

9*999999 

34 

30 

7 

28 

7*‘;o8824 

31-034 

12-691 176 

7*308825 

31035 

12-691175 

lO'OOOOOl 

0 

9*999999 

32 

5.3 

30 

30 

7-338787 

28963 

12-661213 

7*338788 

28964 

12-661212 

10-000001 

0 

9*999999 

30 

30 

8 

32 

7*366816 

27*53 

12-633184 

7*3668 17 

27152 

12-633183 

10*000001 

0 

9*999999 

‘28 

52 

30 

34 

7 * 393*45 

25554 

12-606855 

7*393*46 

25554 

12-606854 

10*000001 

0 

9*999999 

26 

3(1 

. 9 

36 

7*417968 

24133 

12*582032 

7*417970 

24134 

12-582030 

10*000001 

0 

9*999999 

‘24 

51 

30 

38 

7 * 44*449 

22863 

*2*55855* 

7 * 44 * 45 * 

22863 

*2-558549 

10*000002 

0 

9*999998 

22 

30 

10 

40 

7*463726 

21719 

*2*536274 

7*463727 

21719 

12* 536273 

10*000002 

0 

9*999998 

20 

50 

30 

42 

7*484915 

20685 

12-515085 

7*484917 

20685 

12-515083 

10*000002 

0 

9*999998 

18 

30 

11 

44 

7*505118 

*9744 

12*494882 

7*505120 

19744 

12-494880 

10*000002 

0 

9*999998 

16 

49 

30 

46 

7*524423 

18885 

* 2*475577 

7*524426 

1S886 

* 2*475574 

10-000002 

0 

9*999998 

14 

30 

12 

48 

7-542906 

18098 

12 * 4 ; 70 Q 4 

7*542909 

18098 

12*457091 

10*000003 

0 

9*999997 

12 

48 

30 

60 

7-560635 

*7374 

12*439365 

7*560638 

*7374 

*2*439362 

10*000003 

0 

9*999997 

10 

30 

13 

62 

7*577668 

16706 

12*422332 

7*577672 

16706 

12*422328 

10*000003 

0 

9*999997 

8 

47 

30 

64 

7*594059 

16087 

12-40594* 

7*594062 

16087 

12-405938 

q 

d 

0 

0 

0 

0 

0 

9*999997 

6 

30 

14 

56 

7*609853 

15512 

12-390147 

7*609857 

*5512 

12-390143 

0 

0 

0 

0 

p 

0 

0 

9*999996 

4 

46 

39 

68 

7*625093 

14977 

12-374907 

7*625097 

14978 

*2*374903 

10*000004 

0 

9*999996 

2 

30 

10 

1 

7*639816 

_* 447 ^ 

12*360184 

7*639820 

14478 

12*360180 

10*000004 

0 

9*999996 

59 

45 

30 

2 

7*654056 

14010 

* 2*345944 

7*654061 

1401 1 

* 2*345939 

10*000004 

0 

9*999996 

58 

30 

\6 

4 

7-667845 

*3573 

12-332155 

7*667849 

*3573 

12-332151 

10*000005 

0 

9*999995 

56 

44 

30 

6 

7-681208 

*3*61 

12-318792 

7*681213 

*3*61 

oc 

00 

10*000005 

0 

9*999995 

54 

30 

17 

8 

7*694173 

12774 

12-305827 

7*694*79 

12775 

12*305821 

10*000005 

0 

9-999995 

52 

43 

30 

10 

7*706762 

12410 

12*293238 

7*706768 

12409 

12*293232 

io*ooooc6 

0 

9*999994 

50 

30 

18 

12 

7*718997 

12064 

12*281003 

7*719003 

12065 

12*280997 

10*000006 

0 

9*999994 

<«8 

42 

30 

14 

7*730896 

11738 

12*269104 

7*730902 

11739 

12*269098 

q 

d 

0 

0 

0 

0 

0 

9*999994 

46 

30 

19 

16 

7*742478 

**430 

12*257522 

7*742484 

1 1429 

12-257516 

10*000007 

0 

9*999993 

44 

41 

30 

18 

7*753758 

11136 

12*246242 

7*753765 

* 1*37 

12*246235 

10*000007 

0 

9*999993 

42 

30 

20 

20 

7*764754 

10858 

12*235246 

7 764761 

10858 

12-235239 

q 

d 

0 

0 

0 

0 

0 

9*999993 

40 

40 

30 

22 

7*775477 

1 10593 

12-224523 

7 * 77545^5 

10593 

12-224515 

10*000008 

0 

9*999992 

38 

30 

21 

24 

7*785943 

10340 

12-214057 

7*785951 

10342 

12*214049 

io*ooooo8 

0 

9*999992 

3 S 

39 

30 

26 

7*796162 

10100 

12-203838 

7*796170 

lOIOO 

12*203830 

10*000009 

0 

9*999991 

3-4 

30 

22 

28 

7*806146 

9871 

*2-193854 

7*806155 

4 9 ^ 7 * 

*2-193845 

10*000009 

0 

9*999991 

32 

38 

30 

30 

7*815906 

9651 

12*184094 

7*8159*5 

9652 

12-184085 

0 

0 

0 

0 

p 

0 

0 

9-999991 

30 

30 

23 

38 

7*825451 

9442 

12*174549 

7*825460 

9442 

12*174540 

lO-OOOOIO 

0 

9*999990 

28 

37 

30 

34 

7*83479* 

9240 

12*165209 

7*834801 

9241 

12*165199 

10*000010 

0 

9*999990 

26 

30 

24 

36 

7*843934 

9048 

12*156066 

7*843944 

9048 

12* I 560^6 

10*00001 I 

0 

9*999989 

24 

36 

30 

36 

7*852889 

8864 

12*147111 

7*852900 

8864 

12*147100 

10*00001 1 

0 

9*999989 

22 

30 

20 

40 

7*861662 

8686 

12*138338 

7*861674 

8686 

12*138326 

10*0000 1 1 

0 

9*999989 

20 

35 

30 

42 

7*870262 

8515 

12*129738 

7*870274 

8516 

12*129726 

10*000012 

0 

9*999988 

18 

"so 

26 

44 

7*878695 

8352 

12*121305 

7*878708 

8353 

12*121292 

10*000012 

0 

9*999988 

16 

34 

30 

46 

7*886968 

8*95 

12*113032 

7*886981 

8*95 

12* 1 I30iq 

10*000013 

0 

9*990987 

14 

30 

qO 

27 

48 

7*895085 

8042 

12*10491 5 

7*895099 

8043 

12*104901 

10*000013 

0 

9*999987 

12 


30 

50 

7*903054 

7896 

12*096946 

7*903068 

7897 

12*096932 

10*000014 

0 

9*999986 

10 

30 

28 

52 

7*910879 

7756 

12*089121 

7*910894 

7755 

12*089106 

0 

0 

0 

p 

b 

1 

9*999986 

8 

32 

30 

54 

7*918566 

7619 

12*081434 

7*918581 

7620 

12*081419 

10*000015 

I 

9*999985 

6 

30 

q 1 

29 

56 

7*926119 

7488 

12*073881 

7*926134 

7488 

12*073866 

q 

d 

0 

8 

Ln 

1 

9*999985 

4 

31 

30 

3b' 

7*933543 

7361 

12*066457 

7*933559 

7362 

12*066441 

10*000016 

I 

9*999984 

2 

30 

qA 

30 

-3- 

7*940842 

7238 

12*059158 

7*940858 

7239 

12*059142 

10*000017 

I 

9*999983 


3 <' 


in. 

Cosine 

D. 

Secant 

Cotang. 

D. 

Tangent 

Cosec. 

D. 

Sine 

xn. 

1 . 

T f 


89 ° 5 ** 58 *" 


TABLE 68 


693 


I.OG SINES. COSINES, &c. 


‘I Sine I D, Cosec. ) Tangent 

7*940842 17238 I2’059I58 7-9408^8 
7*948020 7119 12*051980 ' 7*948037 
7*955°^^^ 7005 .12*044918 1 7-955100 
7*962031 6894 12*037969 7 962049 
7*96^870 6785 12*031130 7*968889 
7*975603 6682 12*024397 7*975622 
7*982233 6580 12*017767 7*982253 
7*988764 6482 12*011236 7-988785 
7*995198 6387 12*004802 7-995219 
8*001538 6294 11-998462 8 001560 
8*007787 6204 11*992213 8*007809 
8*013947 6116 11*986053 8*013970 
8*020021 6032 11-979979 8*020045 
8*026011 5949 11*973989 8*026035 

8*031919 5S69 11*968081 8*031945 

8*037749 5790 ii-9<^ii5i 8*037775 

8*043501 5715 11*956499 8*043527 
8*049178 5640 11*950822 8*049205 
8*054781 5567 11*945219 8*054809 

8*060314 5498 11*939686 8*060342 
8*065776 5428 11*934224 8*065806 
8*071171 5362 11*928829 8 071201 

8*076500 5296 11*923500 8*076531 
8*081764 5232 11*918236 8-081795 

8*086965 5170 11-913035 8*086997 

8*092104 5109 11*907896 8*092137 
8-097183 5050 11*902817 8*097217 
8*102204 499^ * *‘897796 8102239 
8*107167 4935 11*892833 8*107203 
8*112074 4880 11-887926 8*112110 
8*116926 4825 11*883074 8*116963 
8*121725 477^ 11*878275 8-121763 
8*126471 4721 11-873529 8*126510 
8*131166 4669 11*868834 8*131206 
8*135810 4620 11-864190 8*135851 
8*140406 4572 11*859594 8*140447 
8‘144953 45^3 ‘i*S55047 8*14^996 
8‘I49453 4477 ii'S5^547 8*149497 
^■153907 4431 11-846093 8*153952 
8*158316 4387 11*841684 8*158361 
8*162681 4343 11*837319 8*162727 
8*167002 4299 11*832998 8-167049 
8*171280 4258 11*828720 8*171328 
8*175517 4216 11*824483 8*175566 
^**79713 4176 11*820287 8*179763 
8*183869 4136 11*816131 8*183919 
8*187985 4096 11*812015 8*188036 
8*192062 4059 11*807938 8*192115 
8*196102 4021 11*803898 8*196156 
8*200104 3984 11*799896 8*200159 
8*204070 3948 11*795930 8*204126 
8*208000 3912 11*792000 8*208057 
8*211895 3877 11*788105 8*211953 
^■^15755 3843 ”*784245 8*215814 
8*219581 3810 11*780419 8*219641 

8*223374 377^ 11*776626 8*223434 
8*227134 3743 11*772866 8*227195 
8*230861 3712 11*769139 8*230924 

8*^34557 3680 11*765443 8*234621 
8*238221 3649 11*761779 8*238286 
8*241855 3619 11*758145 8*241921 


I Cotang . 

9 12*059142 

0 12*051963 
5 12*044900 

4 12*037951 
7 12*031111 

1 12*024378 

0 12*017747 

3 12*011215 
7 12*004781 

5 ‘1*998440 

4 1 1*992191 

5 11*986030 

2 11*979956 
D 11*973965 
9 11*968055 

2 11*962225 

4 11*956473 

1 ‘1*950795 
9 11*945191 

3 11*939658 

1 ii-928*'99 
7 ”*923469 
} 11*918205 
I 11*913003 
3 11-907863 
3 11*902783 

5 11*897761 
5 ”‘892797 
I 11*887890 
5 1 1*883037 
} 11*878237 
t 11*873490 
[ 11*868794 
) 11*864149 

> ”*859553 

; 11*85 5004 
{ 11*850503 
i 11*846048 
; 11*841639 
; 11*837273 
[ 11*832951 
; 11*828672 
r 11*824434 
r 11*820237 
7 11*816081 
7 11*811964 
) 11*807885 
i 11*803844 
; 11*799841 

} ”*795874 
' ”*791943 

! 11*788047 
. 11*784186 
11*780359 
11*776566 
1 1*772805 
11*769076 

”•765379 
1 1*761714 

”•758079 


Secant D. 
10*000017 
10*000017 1 
lO'OOCOlS I 

io*oocoi8 I 
10*000019 I 
10*000019 1 
10*000020 I 
10*000021 I 
10*000021 1 
10*000022 I 

10*000023 1 

10*000023 I 

10*000024 1 
10*000024 1 
10*000025 I 
10*000026 I 
10*000027 I 
10*000027 I 
10*000028 I 
10*000029 1 

10*000029 I 
10*000030 I 
10*000031 I 
10*000032 I 

10*000032 1 

10*000033 I 

10*000034 1 
10*000035 1 
10*000036 I 
10*000036 I 

10*000037 1 
10*000038 1 
10*000039 1 
10*000040 1 

!0*OC0041 I 

10*000041 1 
10*000042 1 
10*000043 1 
10*000044 1 
10*000045 I 
10*000046 1 
10-000047 I 
10*000048 1 
10*000049 I 
10*000050 I 
10*000051 I 
10*000052 I 
10*000053 1 
10*000054 1 
10*000055 1 
10*000056 I 
10*000057 I 
10*0140058 I 
10*000059 I 
10 *000060 I 
io*oooo6i I 
10*000062 1 
10*000063 I 
10*000064 I 
10*000065 1 
io*oooc66 I 


9*999983 

9*999983 

9*999982 

9-999982 

9-999981 

9*999981 

9*999980 

9*999979 

9*999979 

9*999978 

9*999977 

9*999977 

9*999976 

9*999976 

9*999975 

9*999974 

9*999973 

9*999973 

9*999972 

9*999971 

9*999971 

9*999970 

9*999969 

9*999968 

9*999968 

9*999967 

9*999966 

9*999965 

9*999964 

9*999964 

9*9999 63 

9*999962 

9*999961 

9*999960 

9*999959 

9*999959 

9*999958 

9*999957 

9*999956 

9*999955 

9*99995 4 

9*999953 

9*999952 

9*99995* 

9*999950 

9*999949 

9*999948 

9*999947 

9*999946 

9*999945 
9 999944 

9*999943 

9-999942 

9-999941 

9*999940 

9*999939 

9*999938 

9*999937 

9-999936 

9*999935 

9*999934 




m* 


TABLE 68 


LOG. SINES, COSINES, &n. 


0" 4'” 1° 


f ft 


Sine 

D. 

Cosec. 

Tanp^ent 

D. 

(’otcinp;. 

Secant 

Parts 

Cosine 

m. 

/ ff 

0 

0 

8-241855 

3619 

11*758145 

8*241921 

3620 

11*758079 

10*000066 



9*999934 

56 

60 

30 

2 

8-245459 

3589 

”*754541 

8*245526 

3590 

11*754474 

10*000067 

1' 

0 

9*999933 

.58 

30 

1 

4 

8-249033 

3559 

11*750967 

8*249102 

3560 

ii* 75 o 898 ‘ 

io*oooo68 

2 

0 

9*999932 

56 

69 

30 

6 

8-252578 

353 T 

11*747422 

8*252648 

3532 

11*747352 

10*000069 

3 

0 

9*999931 

54 

30 

2 

8 

8-256094 

3502 

11-743906 

8*256165 

3503 

”*743835 

0 

c 

0 

p 

b 

4 

0 

9*999929 

5 -i 

6li 

30 

10 

8-259582 

3474 

1 1*740418 

8*259654 

347 Jj 

11*740346 

« 

0 

0 

0 

p 

b 

5 

*0 

9*999928 

50 

3 Q 

3 

12 

8-263042 

3446 

11*736958 

8*263115 

3448 

11*736885 

10*000073 

6 

0 

9*999927 

48 

57 

30 

14 

8*2664.75 

3419 

”■733525 

8*266549 

3420 

”•733451 

10*000074 

7 

0 

9*999926 

46 

30 

4 

16 

8*269881 

3393 

1 1*730119 

8*269956 

33 Q 4 

11*730044 

10*000075 

8 

0 

9*999925 

44 

66 

30 

18 

8*273260 

3366 

1 1*726740 

8*273337 

3367 

1 1*726663 

10*000076 

9 

0 

9*999924 

4*2 

30 

5 

20 

8*276614 

3341 

1 1*723386 

8*276691 

3342 

11*723309 

10*000078 

10 

0 

9-999922 

40 

65 

30 

22 

8-279941 

3314 

1 1*7200 <;q 

8*280020 

3316 

11*719980 

10 0C0079 

11 

0 

9*999921 

38 ^ 

30 

6 

24 

8*283243 

3290 

11*716757 

8*283323 

3291 

11*716677 

10*000080 

12 

0 

9-999920 

36 

64 

30 

26 

8*286521 

3265 

11-713479 

8*286602 

3266 

11*713398 

10*000081 

13 

I 

9*999919 

34 

30 

7 

28 

8*289773 

3241 

1 1*710227 

8*289856 

3242 

11*710144 

10*000082 

14 

I 

9*999918 

3*2 

63 

30 

30 

8*293002 

3216 

1 1*706998 

8*293086 

3218 

11*706914 

10*000084 

15 

I 

9*999916 

30 

30 

8 

32 

8*296207 

3193 

11*703793 

8*296292 

3T94 

1 1*703708 

10*000085 

16 

1 

9*999915 

•28 

52 

30 

34 

8*299388 

3170 

1 1*700612 

8-299474 

317T 

11*700526 

10*000086 

17 

1 

9*999914 

26 

30 

9 

30 

8*302546 

3147 

1-697454 

8*302634 

3148 

1 1*697366 

10*000087 

18 

1 

9 ‘ 9999 i 3 

24 

61 

30 

38 

8*305681 

3T24 

1-694319 

8*305770 

3125 

1 1*694230 

10*000089 

19 

1 

9*999911 

22 

30 

10 

40 

8*308794 

3 102 

1-691206 

8*308884 

3103 

1 1*69 1116 

10*000090 

20 

I 

9-999910 

•20 

60 

30 

42 

8*31 1885 

3080 

i*688i 1 5 

8*311976 

3081 

1 1*688024 

10*000091 

21 

1 

9*999909 

18 

30 

11 

44 

8*314954 

3058 

1*685046 

8*31 5046 

3059 

11*684954 

IC-0CC093 

22 

1 

9*999907 

16 

49 

30 

46 

8*318001 

3036 

i*68ic)q() 

8*318095 

3038 

11*681905 

io*ococ94 

23 

1 

9*999906 

14 

30 

12 

48 

8*321027 

3016 

1*678973 

8*321 122 

3017 

1 1*678878 

10*000095 

24 

I 

9*999905 

1*2 

48 

30 

50 

8*324032 

2995 

1*675968 

8*324129 

2996 

11*675871 

10*000097 

25 

1 

9*999903 

10 

30 

13 

52 

8*327016 

2974 

1*672984 

8*3271 14 

2975 

1 1*672886 

10*000098 

26 

1 

9*999902 

8 

47 

30 

54 

8*329980 

2954 

1*670020 

8*330080 

2956 

1 1*669920 

10*000099 

27 

1 

9*999901 

6 

;)o 

14 

56 

8*332924 

2934 

1*667076 

8*333025 

2935 

1 1*666975 

10*000101 

28 

I 

9*999899 

4 

46 

30 

58 

8*335848 

2914 

1*664152 

8*335950 

2916 

1 1*664050 

10-000102 

29 

1 

9*999898 

2 

30 

16 

8 

8*3387.53 

2895 

1*661247 

8*338856 

2896 

1 1 66 1 144 

10*000103 

30 

1 

9*999897 

55 

45 

30 

2 

8*341638 

2876 

1*658362 

8*341743 

2877 

1 1*658257 

10*000105 

1 

0 

9 999895 

58 

30 

16 

4 

8*344504 

2856 

1*655496 

8*344610 

2858 

11*655390 

io*oooio6 

2 

0 

9*999894 

56 

44 

30 

6 

8*347352 

2838 

1*652648 

J ^-347459 

2840 

11*652541 

io*ocoio8 

3 

0 

9*099892 

54 

30 

17 

8 

8*350181 

2S20 

1*649819 

8*350289 

2821 

1 1*6497 j 1 

10*000109 

4 

0 

9 ' 999^91 

52 

43 

30 

10 

8*352991 

2801 

1*647009 

8*353101 

2803 

1 1*646899 

looooi 10 

5 

0 

9 - 999 S 90 

50 

30 

18 

12 

8*355783 

2784 

1*644217 

8*355895 

2784 

1 1*644105 

10*0001 12 

6 

0 

9*999888 

48 

42 

30 

14 

8*358558 

2766 

1*641442 

8*3 5867 1 

2768 

11*641329 

10*0001 13 

7 

0 

9*999887 

40 

30 

19 

16 

8*361315 

2748 

1*638685 

8*361430 

2749 

ii-638 5-’c 

10*0001 1 5 

8 

0 

9*999885 

44 

41 

30 

18 

8*364055 

2731 

1-635945 

8*364171 

^733 

1 1*635829 

10*000 1 1 6 

9 

0 

9*999884 

4-2 

30 

20 

20 

8*366777 

2714 

1*633223 

8*366895 

2715 

”-^33105 

10*0001 18 

10 

1 

9 * 999 ^'f ?2 

40 

40 

30 

22 

8*369482 

2697 

1*630518 

8*369601 

2699 

11-630399 

10*0001 19 

11 

I 

9*999881 

38 

:io 

21 

24 

8*372171 

2680 

1*627829 

8*372292 

268 1 

1 1*627708 

10*000121 

12 

1 

9*999879 

36 

39 

30 

26 

8*374843 

2664 

1*625157 

8*374965 

2666 

1 1*625035 

lO'OCC 122 

13 

1 

9*999878 

34 

30 

22 

28 

8*377499 

2648 

1*622501 

8*377622 

2649 

1 1*622378 

10*000124 

14 

1 

9-999876 

32 

3 « 

30 

30 

8*380138 

2631 

1*619862 

8*380263 

2633 

11*619737 

10*000125 

15 

I 

9*999875 

30 

30 

23 

32 

8*382762 

2616 

11*617238 

8*382889 

2617 

11*617111 

10*000127 

16 

1 

9*999873 

28 

37 

30 

j 34 

8*385370 

2600 

11*614630 

8*385498 

2602 

1 1 *614502 

10*000128 

17 

I 

9*999872 

•26 

30 

24 

36 

8*387962 

2585 

1*612038 

8*388092 

2586 

n*6i 1908 

10*000130 

18 

1 

9*999870 

•24 

.36 

30 

38 

8*390539 

2569 

1*609461 

8*390670 

2571 

1 1*609330 

10*000131 

19 

1 

9-999869 

•2*2 

30 

26 

40 

8*393101 

2554 

1*606899 

8 * 393^34 

^556 

1 1*606766 

10*000133 

20 

I 

9-999867 

20 

35 

30 

42 

8*395647 

2539 

1-604352 

!i- 3957 S 2 

2540 

1 1*604218 

10*000134 

21 

I 

9-909866 

18 

30 

26 

44 

8*398179 

2525 

11*601821 

8-398315 

2526 

1 i*6oi68 5 

10*000136 

22 

1 

9*999864 

16 

34 

30 

46 

8*400696 

2510 

”•599304 

8*400834 

2512 

1 1*599166 

10*000137 

23 

I 

9-999863 

14 

1 30 

27 

48 

8-403199 

2495 

11*596801 

8*403338 

1 ^497 

I :*596662 

10*000139 

24 

I 

9*999861 

12 

33 

30 

50 

8*405687 

2481 

”* 5943^3 

8*405828 

2483 11*594172 

10*000141 

25 

1 

9*999859 

10 

30 

28 

52 

8*40816 1 

2467 

”•59*839 

8*408304 

2468 

11 *501606 

10*000142 

26 

I 

9*999858 

8 

32 

30 

54 

8*41^621 

2453 1 

11*589379 

8*410765 

2455 

”•589235 

10*000144 

27 

1 

9*999856 

6 

30 

29 

50 

8-413068 

2440 

11*586932 

8*413213 

2441 

11*586787 

10*000146 

28 

I 

9 * 999^54 

4 

31 

30 

5H 

8*4i 55C0 

2425 

11-584500 

8*415647 

2427 

”*584353 

10*000147 

29 

I 

9 9998 5 3 

•2 

30 

■<0 

€ 

j ‘4179 T 9 

2412 

T 1*582081 

8*418068 

2414 

11*581932 

10*000149 

30 

2 

9*999851 

0 

30^ 


m. 

>1. 

Cosiiu^ 

D. 

Secant 

Cotanj^. 

D. 

Tangent 

Cosec. 

Parts 

Sine 

m. 

,7 n \ 




54 "“ 


TABLE 68 


695 


30 

0 

.'10 

2 

31 

4 

30 

6 

H2 

8 

30 

10 

33 

12 

30 

14 

34 

10 

30 

18 

35 

20 

30 

22 

36 

21 

30 

‘26 

37 

28 

30 

30 

38 

3*2 

30 

34 

30 

30 

30 

38 

40 

40 


5*4.17919 2412 11*55206 

8420325 2399 11*57967 
23X6 11*57728' 
8*425096 2373 11*57490^ 
8*427462 2359 11*572^35 
8*429815 2347 11*570181 
8*432156 2335 11*56784/ 
8*434484 2322 ii*5655i( 
8*436800 2309 11* 56320c 
8*439103 2297 11*56089' 
8*441394 2286 ii*5586o( 
8*443674"' 2273 11*55632^ 
8*445941 2261 11*554055 
8*448196 2250 11*55180^ 
8*450440 2238 ii*54956c 
8*452673 2226 11*54732: 
8*454893 2216 11*54510'; 
8*457103 2203 
8*459301 2193 11*540695 
8*461489 2182 11*538511 
8*463665 2171 11*536335 
8*465830 2160 ii*534i7t 
8*467985 2149 11*532015 
8*470129 2139 11*529871 
8*472263 2128 11*52773/ 
8*474386 2118 11*52561.3 
8*476498 2108 11*523502 
8*478601 2097 11*521395 
8*480693 2088 11*519307 
8*482776 2077 11*51722.3 
8*484848 2067 11*515152 


8*486910 2058 11*513090 
8*488963 2048 11*511037 
8*491006 2038 11*50899.3 
8*493040 2029 11*506960 
8*495064 2019 11*504936 
8*497078 2010 11*502922 
8*499084 2001 11*500916 
8*501080 1991 11*498920 
8*503067 19S3 ii-4‘/’y33 

8*505045 1973 1 1 *49 493 5 

8*507014 1965 ii'492986 
8*508974 1955 11*491026 
8*510925 1947 11*489075 

8*512867 1938 11*487133 
8*514801 1930 11*485199 

8*516726 1921 11*483274 
8*518643 1912 11*481357 

8*520551 1904 11*479449 

8*522451 1896 11*477549 

8’524343 1888 11*475657' 


8*526226 1879 ”‘473774 

8*528102 1871 11*471^98 
8*529969 1864 11*470031 

8*531828 1855 11*468172 
^*533679 1847 11*466321 
8'.*; 3 5 5^3 1840 11*464477 

^*53735^ 1831 11*462642 
8*539186 1824 11*460814 
8*541007 1817 ir458993 
8*542819 1809 11*457181 

Cosine D. Secant 
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D. 
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D. 
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0 

0 

8*542819 

1809 

11*45718 

8* 543084 

1811 

ii- 4‘;6 yl6 

10-000265 


9’999735 

5^ 

i air 

30 

2 

8*544624 

i8oi 

"■ 45537 < 

8*544891 

1804 

11*455105 

10-000267 

l " 0 

9 ’9997 3 3 

5h 

r.a 

30 

1 

4 

8*546422 

1794 

>>* 453575 ! 

8*546691 

1796 

>1*453305 

10-000269 

2 0 

9*999731 

69 

30 

6 

8*548212 

1786 

i>* 45 > 78 S 

8*548483 

1789 

11*451517 

10*000271 

3 0 

9*999729 

.04 

.'ill 


8 

8*549995 

1779 

1 1 -450005 

8-550268 

1781 

>>•449732 

10*000274 

4 0 

9*999726 

52 

5« 

30 

10 

8*551770 

1772 

1 1 *448230 

8-552046 

1774 

Jii *447954 

10-000276 

5 0 

9*999724 

50 

30 

3 

12 

8 'S 53539 

1765 

11*446461 

8-553817 

1767 

111*446183 

10-000278 

6 0 

9*999722 

48 

57 

30 

14 

8-555300 

1758 

1 1 *444700 

8-555580 

1760 

11*444420 

10-000280 

7 I 

9*999720 

40 

.-[() 

4 

16 

8*557054 

1750 

11*442946 

8-557336 

1753 

11*442664 

10*000283 

8 I 

9*999717 

44 


80 

18 

8*558801 

1743 

ii* 44>>99 

8-559085 

>745 

11*440915 

10-000285 

9 I 

9*999715 

4-2 

;[() 

5 

20 

8*560540 

1737 

11*439460 

8*560828 

>739 

>i* 439>72 

10*000287 

10 1 

9 ' 9997 i 3 

40 

r>5 

30 

22 

8*562273 

1729 

ii*A 37727 

8*562563 

1732 

>>'437437 

10*000289 

11 1 

9*999711 

38 

30 

6 

24 

8*563999 

1723 

11*436001 

8*564291 

1725 

I >*435709 

10*000292 

12 I 

9*999708 

36 

54 

30 

26 

8*565719 

1716 

11*434281 

8*566013 

171S 

>>-433987 

10*000294 

13 1 

9*999706 

.34 

30 

7 

28 

8*567431 

1709 

11*432569 

8*567727 

1711 

11*432273 

10*000296 

14 I 

9*999704 

32 

53 

30 

30 

8*569137 

1702 

11*430863 

8-569435 

1705 

>1*430565 

10*000299 

15 I 

9*999701 

30 

30 

8 

32 

8*570836 

1696 

1 1*429164 

8*571137 

1698 

11*428863 

10*000301 

16 I 

9*999699 

28 

62 

30 

34 

8*572528 

1689 

11*427472 

8*572832 

1692 

11*427168 

10*000304 

17 I 

9*999696 

26 

30 

9 

36 

8*574214 

1682 

11*425786 

8-574520 

1684 

11*425480 

10*000306 

18 I 

9*999694 

24 

51 

30 

38 

8-575893 

1676 

1 1*424107 

8*576201 

1679 

11*423799 

10*000308 

19 I 

9*999692 

22 

30 

10 

40 

8*577566 

1670 

11-422434 

8*577877 

1672 

11*422123 

10*000311 

20 2 

9*999689 

20 

50 

30 

42 

8*579232 

1663 

11-420768 

8-579545 

1665 

I >*420455 

10*000313 

21 2 

9*999687 

18 

30 

11 

44 

8-580892 

1657 

11*419108 

8*581208 

1660 

11*418792 

10*000315 

22 2 

9*999685 

10 

40 

."0 

46 

8-582546 

1650 

>1*417454 

8*582864 

1652 

11-417136 

10*0003 Ic^ 

23 2 

9-909682 

14 

30 

12 

48 

8*584193 

1645 

11*415807 

8*584514 

1647 

11*415486 

10*000320 

24 2 

9*999680 

12 

48 

30 

30 

8-585834 

1638 

11*414166 

8*586157 

1641 

11*413843 

10*000323 

26 2 

9*999677 

10 

30 

13 

32 

8-587469 

1632 

>>*412531 

8-587795 

1634 

11*412205 

10*000325 

26 2 

9*999675 

8 

47 

30 

£4 

8*589098 

1625 

T 1*410902 

8*589426 

1628 

11*410574 

10*000328 

27 2 

9*999672 

6 

30 

14 

56 

8*590721 

1620 

11*409279 

8*591051 

1622 

11*408949 

10*000330 

28 2 

9*999670 

4 

40 

30 

58 

8*592338 

1614 

11*407662 

8*592670 

1616 

11*407330 
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29 2 

9*999668 

2 

30 

ir> 

9 

8-593948 

1607 

11*406052 

8*594283 

1611 

>>*4057*7 

10*000335 
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9*999665 

51 

45 

30 

2 

8*595553 
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11*404447 

8-595890 

1604 

11*404110 

10*000337 

1 0 

9*999663 

58 

30 

16 

4 

8-59715^ 

1596 

11*402848 

8*597492 

1598 

11*402508 

10*000340 

2 0 

9*999660 

50 

44 

30 

6 

8-598745 

1590 

11-401255 

8-599087 

>593 

11*400913 

10*000342 

3 0 

9*999658 

.54 

30 

17 

8 

8*600332 

1584 

I 1*399668 

8-600677 

1586 

11*399323 

10*000345 

4 0 

9*999655 

52 

43 

30 

10 

8*601913 

1579 

11*398087 

8*602260 

1581 

>>*397740 

10*000347 

5 0 

9-999653 

50 

3(1 

18 

12 

8*603489 

J572 

>1-396511 

8-603839 

1576 

11*396161 

10*000350 

6 I 

9*999650 

48 

42 

30 

14 

8*605058 

1567 

11*394942 

8-605411 

>569 

11*394589 

10-000353 

7 1 

9*999647 

40 

30 

19 

16 

8-606623 

1562 

11*393377 

8-606978 

1564 

11*393022 

10*000355 

8 I 

9*999645 

44 

41 

30 

18 

8*608181 

1555 

11-391819 

8*608539 

>558 

11*391461 

10*000358 

9 I 

9*999642 

42 

30 

20 

20 

8-609734 

1551 

1 1*390266 

8-610094 

>553 

11*389906 

10*000360 

10 I 

9*999640 

40 

40 

30 

22 

8*611282 

>544 

ii‘ 3887 iS 

8-611644 

>547 

11*388356 

10*000363 

11 I 

9*999637 
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21 

24 

8*612823 

>539 

11*387177 

1 1*385640 

8-613189 

1542 

1 1*38681 1 

10*000365 

12 I 

9-999635 

36 

30 

30 

26 

8*614360 

>534 

8-614728 

1536 

ii- 3'?5272 

10*000368 

13 I 

9*999632 

34 

30 

22 

28 

8-615891 

1529 

1 1*384109 

8-616262 

i 53 > 

>>•383738 

10*000371 
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9*999629 

32 

38 

30 

30 

8*617417 

1522 

11*382583 

8*617790 

1526 

11*382210 
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30 

30 

23 

32 

8*618937 
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11*381063 
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10*000376 
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28 

37 

30 

34 

8*620452 
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20 

30 

24 
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1508 ; 
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8-622343 

1510 

>>*377657 
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24 

30 

30 
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8*623466 

1501 ] 

[1*376534 

8*623850 
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>>*376150 
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19 2 

9*999616 

22 

30 

25 

40 

8*624965 

1497 ] 

11*375035 

8-625352 
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10*000386 
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9*999614 

20 

35 

30 

42 

8*626459 

1492 J 

11-373541 

8-626849 
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11*373151 

10*000389 

21 2 ‘ 

9-999611 

18 

30 

26 

44 

S-627948 

i486 ] 

[1*372052 

8-628340 
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[1*371660 

10*000392 

22 2 

9-999608 

16 

34 

30 

46 

8*629432 

1481 1 

[1*370568 

8*629827 

>484 

[>•370173 ] 

[0-000394 

23 2 

9-999606 

14 

30 

27 

48 

8*63091 1 

>477 J 

1*369089 

8*63 1308 

1479 

[1*368692 ] 

[0*000397 

24 2 

9-999603 

ll 

3:1 

30 

50 

8-632385 

>471 1 

1*367615 

8-632785 

1474 

[1*367215 i 

[0*000400 

25 2 

9*999600 

10 

30 

28 

32 

8*633854 

1466 I 

1*366146 

8*634256 

1469 

[1*365744 1 

[0*000403 

26 2 

9*999597 

8 

32 

30 

29 

30 

54 

56 

58 


1462 I 

1*364683 

8-635723 

>464 

r >'364277 1 

[0*000405 

27 2 

9'999595 

0 

.10 

8 636776 
8*638230 

>456 I 
1452 I 

1*363224 

1*361770 

8-637184 

8-638641 

>459 

>455 

[1*362816 1 
1*361359 I 

0*000408 

0-000411 

28 3 

29 3 

9-999592 

9-999589 

1 

Z 

31 

30 

30 ] 

LO 

8*639680 

1446 I 

1*360 -;2o 
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1-35^907 1 

0*000414 

30 3 
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697 


8-655308 

8*656702 

8-658090 

8-659475 

8-660855 

8*662230 

8*663602 

8*664968 

8*666331 

8*667689 

8*669043 

8*670393 

8-671739 

8*673080 

8*674418 

8*675751 

8*677080 

8*678405 

8*679726 

8*681043 

8*682356 

8*683665 

8*684971 

8*686272 

8*687569 

8*688863 

8*690152 

8*691438 

8*692720 

8*693998 

8-695272 

8*696543 

8*697810 

8*699073 

8*700333 

8*701589 

8*702841 

8*704090 

8*705335 

8-706577 


8*707815 

8*709049 

8*710280 

8*711507 

8*712731 

8*713952 

8*715169 

8*716383 

8*717593 

8*718800 


11-344692 
11-343298 
1 1-341910 
11-340525 
"• 339 H 5 
11-337770 
11-336398 
11-335032 
11-333669 
11*332311 


11*330957 
1 1*329607 
1 1*328261 
11*326920 
1 1*325582 
11*324249 
11-322920 
11*321595 
11-320274 
11-318957 


11-317644 
”• 3*0335 
11*315029 
11-313728 
11*312431 
11*311137 
1 1*309848 
11*308562 
11*307280 
1 1*306002 
11*304728 

”•303457 

1 1*302190 
11*300927 
1 1*299667 
1 1*29841 1 
11*297159 
11*295910 
1 1*294665 
11*293423 


1 1*292185 
1 1*290951 
11*289720 
11-288493 
11-287268 
11*286048 
11*284831 
11*283617 
1 1*282406 
11*281200 


8*682860 
8*684172 
8-685480 
8686784 
8-688085 
8-689381 
8*690674 
8-691963 
8*693248 
8-694529 
8-695807 
8'697o8 I 
8-698351 
8*699617 
8*700880 
8*702139 

5^*703395 

8*704646 

8*705895 

8*707140 

8*708381 

8*709618 

8*710853 

8*712083 

8*713311 

^•7i4534 

8-715755 

8*716972 

8*718186 

8-719396 


1314 11*317140 
1311 11*315828 
1306 11*314520 
1302 11*313216 
1299 ^^•3*^9*5 
1294 11*310619 
1291 11-309326 
1287 11-308037 
1283 11*306752 
1280 11*305471 
1275 11-304193 
1272 11-302919 
1268 U-301649 
1265 11*300383 
1261 11*299120 
1257 11*297861 
1254 11*296605 
1250 11*295354 
1247 11*294105 
1243 11-292860 
1239 11-291619 
1236 11-290382 
1233 11*289147 
1228 11*287917 
1226 11*286689 
1222 11*285466 
1219 11*284245 
1215 11*283028 
1212 11*281814 
1209 11*280604 

D. Tangent 


10*0005 
10*000569 
10*000573 
10-000576 
10*000579 
10-000582 
10*000586 
10*000589 
iio*ooo 592 
[10*000596 


9*999434 18 ao 

9 - 99943 * 4 

9*999427 14 30 

9*999424 12 3 

9*999421 10 30 

9*999418 8 2 

9*999414 0 30 

9*999411 4 I 

9*990408 2 «» 

I 9^999404 0 0 

i Sine >11. f 
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TABLE 68 


LOG. SINES, COSINES. &c. 


Qh 12m 30 


/ // 

m. 

6. 

Sine 

D. 

Cosec. 

Tangent 

D. 

C’otang, 

Secant 

1 Parts 

Cosine 

jn 

/ // 

0 

0 

8*718800 

1205 

11*281200 

8*719396 

1209 

1 1*280604 

10*000596 



9*999404 

4 b 8 

60 

30 

2 

8*720004 

1202 

11*279996 

8*720603 

1205 

1 **279397 

10-000599 

1' 

'0 

9*999401 

58 

30 

1 

4 

8*721204 

1199 

11*278796 

8*721806 

1202 

11*278194 

10*000602 

2 

0 

9-999398 

5 G 

60 

30 

6 

8*722401 

1195 

11*277599 

8*723007 

1198 

11*276993 

10*000606 

3 

0 

9*999394 

54 

30 

2 

8 

8*723595 

1192 

11*27640^ 

8*724204 

1196 

11*275796 

10 000609* 

4 

0 

9-999391 

62 

58 

30 

10 

8*724785 

1189 

11*275215 

8*725397 

1 192 

11*274603 

10*000612 

5 

I 

9-999388 

50 

30 

3 

12 

8-725972 

118^ 

11*274028 

8*726588 

1189 

11*273412 

io*ooo6i6 

6 

I 

9-999384 

48 

67 

30 

14 

8*727156 

1183 

11*272844 

8*727775 

1185 

1 1*272225 

10*000619 

7 

I 

9-999381 

40 

30 

4 

IG 

8*728337 

1170 

1 1*271663 

8*728959 

1183 

11*271041 

10*000622 

8 

I 

9*999378 

44 

66 

30 

18 

8*729514 

1176 

11 *270486 

8*730140 

**79 

11*269860 

10*000626 

9 

1 

9*999374 

42 

30 

5 

20 

8*730688 

1172 

1 1*2693 12 

8*731317 

1176 

11*268683 

10*000629 

10 

I 

9*999371 

40 

66 

30 

22 

8*731859 

1 170 

11*268141 

8*732492 

**73 

11*267508 

10*000633 

11 

I 

9*999367 

38 

30 

6 

24 

8*733027 

1166 

1 1*266973 

8-733663 

1170 

1 1*266337 

10*000636 

12 

1 

9-999364 

36 

54 

30 

2 G 

8-734192 

1163 

11*265808 

8*734831 

1166 

11*265 169 

10*000639 

13 

1 

9*999361 

34 

30 

7 

28 

8*735354 

1160 

1 1*264646 

8*735996- 

1164 

11*264004 

10*000643 

14 

z 

9-999357 

3*2 

63 

30 

30 

8*736512 

1157 

11*263488 

8*737158 

1160 

11*262842 

10*000646 

15 

2 

9-999354 

30 

30 

8 

32 

8*737667 

1154 

11*262333 

8*7383*7 

1158 

11*261683 

10*000650 

16 

z 

9-999350 

28 

62 

30 

34 

8*738820 

1151 

1 1*261 180 

8*739473 

**54 

11*260527 

10*000653 

17 

2 

9*999347 

20 

30 

9 

36 

8*739969 

1148 

I 1*26003 T 

8*740626 

** 5 * 

***259374 

10*000657 

18 

2 

9*999343 

24 

51 

30 

38 

8*741115 

1144 

11*258885 

8*741776 

1148 

1 1*258224 

io-ooo66o 

19 

2 

9*999340 

22 

30 

10 

40 

8 *74225 9 

1142 

11*257741 

8*742922 

1 146 

11*257078 

10*000664 

20 

2 

9*999336 

•20 

50 

30 

42 

8*743399 

“39 

1 1*256601 

8*744066 

1 142 

***^55934 

10*000667 

21 

2 

9*999333 

18 

30 

11 

44 

8*744536 

1136 

11*255464 

8*745207 

**39 

**•^54793 

10*000671 

22 

3 

9*999329 

10 

40 

30 

46 

8*745670 

11-12 

1 1*254330 

8*746344 

1136 

11*253656 

0 

0 

p 

b 

23 

3 

9*999326 

14 

30 

12 

48 

8*746802 

1130 

n*253 198 

8*747479 

1134 

11*252521 

10-000678 

24 

3 

9-999322 

12 

48 

30 

30 

8*747930 

H27 

1 1*252070 

8*74861 1 

1130 

11*251389 

io*ooo68i 

25 

3 

9*999319 

10 

30 

13 

32 

8*749055 

1124 

11*250945 

8*749740 

1127 

11*250260 

io*ooo68^ 

26 

3 

9-999315 

8 

47 

30 

34 

8*750178 

1121 

1 1*249822 

8*750866 

1125 

11*249134 

10*000688 

27 

3 

9-999312 

0 

30 

14 

56 

8*751297 

1118 

11*248703 

8*751989 

1122 

11*24801 1 

10*000692 

28 

3 

9-999308 

4 

46 

30 

58 

8*752414 

1115 

1 1*247586 

8*753109 

1119 

11*246891 

10*000695 

29 

3 

9*999305 

‘i 

30 

15 

13 

8*753528 

1113 

1 1*246472 

8*754227 

1116 

***^45773 

10*000699 

30 

3 

9-999301 

47 

45 

30 

2 

8754639 

I 109 

11-245361 

8 * 75534 * 

III3 

11*244659 

10*000703 

1 

0 

9-999297 

58 

30 

16 

4 

8*755747 

1 107 

11*244253 

8*756453 

1 1 10 

* 1*243547 

10*000706 

2 

0 

9*999294 

50 

44 

30 

6 

8*756852 

I 104 

11-243148 

8*757562 

1107 

11*242438 

10*000710 

3 

0 

9-999290 

54 

30 

17 

8 

8*757955 

I lOI 

11-242045 

8*758668 

1 105 

11*24*332 

10*000713 

4 

0 

9-999287 

^2 

43 

30 

10 

8*759054 

1098 

1 1*240946 

8-759771 

1 102 

1 1*240229 

10*000717 

5 

1 

9-999283 

50 

30 

18 

12 

8*760151 

1096 

1 1-239S49 

8*760872 

1099 

11*239128 

10*000721 

6 

I 

9-999279 

48 

42 

30 

14 

8*761245 

1092 

11*238755 

8-761970 

1097 

11*238030 

10*000724 

7 

I 

9*999276 

40 

30 

19 

10 

8*762337 

1090 

I i* 2376 h 3 

8-763065 

*093 

11*236935 

10*000728 

8 

1 

9-999272 

44 

41 

30 

18 

8*763425 

1088 

11*236575 

8-764157 

icyi 

11*235843 

10*000732 

9 

1 

9*999268 

42 

30 

20 

20 

8*764511 

1084 

11-275480 

8-765246 

1088 

11*234754 

10*000735 

10 

I 

9*999265 

40 

40 

30 

22 

8*765594 

1082 

1 1*234406 

8-766333 

1086 

11*233667 

10*0007-^9 

11 

I 

9*999261 

38 


21 

24 

8*766675 

1079 

j 1*233325 

8-767417 

1083 

11*232583 

10*000743 

12 

I 

9*999257 

36 

39 

30 

2(5 

8*767752 

1076 

1 1*232248 

1 8*768499 

1080 

11*231501 

10*000746 

13 

2 

9*999254 

|34 

30 

22 

28 

8*768828 

1074 

1 1-23 I 172 

8*769578 

1077 

1 1*230422 

10*000750 

14 

2 

9*999250 

32 

38 

30 

30 

8*769900 

1071 

I i* 23 (;ioo 

8*770654 

1075 

1 1*229346 

10*000754 

15 

2 

9*999246 

30 

30 

23 

32 

8*770970 

1069 

1 1*229030 

8-771727 

1072 

1 1*228273 

10*000758 

16 

2 

, 9*999242 

28 

:j7 

30 

34 

8*772037 

1065 

1 1*227963 

8-772798 

1070 

11*227202 

10*000761 

17 

2 

9*999239 

•if) 

30 

24 

3 G 

8*773101 

1064 

1 1*226899 

8*773866 

1067 

11*226134 

10*000765 

"8 

2 

1 9*999235 

24 

36 

30 

, 38 

8*774163 

1060 

1 1*225837 

8* 77493a 

1064 

11*225068 

10-000769 

19 

2 

9*999231 

22 

30 

25 

40 

8*775223 

1058 

r I - 224-777 

8-775995 

1062 

1 1*224005 

10*000773 

20 

2 

9*999227 

20 

.35 

30 

42 

8*776279 

1056 

1 1-223721 

8-777056 

*059 

1 1*222944 

10*000776 

21 

3 

9*999224 

18 

30 

26 

4-1 

8*777333 

1053 

1 1-222667 

8*778114 

*057 

11*221886 

10*000780 

22 

3 

9*999220 

10 

34 

30 

40 

8*778385 

1050 

1 1*22161 5 

8*779*69 

*054 

11*220831 

10*000784 

23 

3 

9*999216 

14 

30 

27 

48 

8*779434 

1048 

1 1*220566 

8'78o222 

1051 

11*219778 

10000788 

24 

3 

9-999212 

12 

33 

30 

50 

8*780480 

1045 

1 1*219520 

8*781272 

1049 

11*218728 

10*000792 

25 

3 

9*999208 

10 

30 

28 

52 

8*781524 

1043 

1 1*218476 

8*782320 

1047 

1 1*217680 

10*00079 s 

26 

3 

9*999205 

8 

32 

30 

51 

8*782566 

1040 

II- 2 I 7434 

8*783365 

1044 

1 1*216635 

10*000799 

27 

3 

9*999201 

0 

30 

29 

50 

8*783605 

1037 

II *216395 

8*784408 

1041 

11*215592 

10*000803 

28 

3 

9*999197 

4 

31 

30 

58 

8*784641 

1036 

11*2153 59 

8*785448 

1040 

11*214552 

10-000807 

29 

4 

9*999195 

2 

30 

30 

14; 

8*785675 

1032 

11*214325 

8*786486 

1036 

11*213514 

lO'ocoS 1 1 

30 

4 

9-999189 

(1 

3(» 

t // 

no. 

Cosine 

D. 

Secant 

Cotang. 

D. 

Tarigent 

Cosee. j 

Parts 

Sine 


'Tn 







86° 





5h 46m J 



TABLE G 8 


a'817522 
8-818480 
8*819436 
30 I 10 I 8*820390 
4 f{ I 12 I 8*821343 
8*822292 
8*823240 
8*824186 

50 *20 8*82 5 [30 

30 *2*2 8*826072 

51 *24 8*827011 

.10 20 8*827949 

8*828884 
8*829818 
8*830749 
8*831679 
H I :«i I 8*832607 


:io I 38 I 8*833532 
8*834456 


30 

42 

6 

44 

30 

40 


5 44 I 8*836297 

SO I 4 C I 8*837215 
8*838130 
30 •'*018*839044 
»« •'*2 8*839956 

30 54 I 8-840866 

8*841774 
8*842680 

Cosine 


959 111-182478 
958 111*181520 
955 11*180564 
• 953 *1-179610 
951 11*178657 
949 11*177708 
947 11*176760 
944 11-175814 
94 3 11-174870 
941 11*173928 
938 11*172989 
937 11*172051 
934 11*171116 
933 11*170182 
931 11*169251 
928 11*168321 
927 11*167393 
924 11*166468 
923 11*1655441 


920 11*164623 
919 11*163703 
917 11*162785 
915 11*161870 
912 11*160956 
9 1 1 11*1 60044 
909 11*159134 
907 11*1582261 
906 11*1573201 
903 11*156415 

D. Secant 


[O’ooo943 


26 30 

18 24 21 
14 22 30 

10 20 2 (i 

06 18 30 

10 19 


10*000977 

11 

10*000981 

12 

10*000985 

1:1 

10*000990 

14 
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TABLE 68 


LOG. SINES, COSINES, ike. 


29 

ao 

30 la 


8*843585 11*156415 

8*844487 1" 30 11*155513 
8*845387 2 60 11*154613 
8*846286 3 89 11*153714 
8*847183 4 119 11*152817 
8*848078 5 149 11*151922 
8*848971 6 179 11*151029 
8*849862 7208 11*150138 
8*850751 8 238 11*149249 
8*851639 9268 11*148361 
8*852525 10 298 11*147475 
8*853408 1 29 11*146592 
8*854291 2 58 11*145709 
8*855171 3 88 11*144829 
8*856049 4 117 11*143951 
8*856926 5 146 11*143074 
8*857801 6 175 11*142199 
8*858674 7 204 11*141326 
8*859546 S 233 11*140454 
8*860415 9 263 11*139585 
8*86128310292 11JJ38717 
8*862149 1 29 11*137851 

8*863014 2 57 11*136986 
8*863877 3 86 11*136123 
8*864738 4 114 11*135262 
8*865597 5 143 11*134403 
8*866455 6 172 11*133545 
8*867310 7 200 11*132690 
8*868165 8229 11*131835 
8*869017 9257 11*130983 
8*86986810286 11*130132 
8*870717 1 28 11*129283 

8*871565 2 56 11*128435 

8*872410 3 84 11*127590 
8*873255 4 112 11*126745 
8*874097 5 140 11*125903 
8*874938 6 168 11*125062 
8*875777 7 196 11*124223 
8*876615 8 224 11*123385 
18*877451 9252 11*122549 
8*87828510 280 11*121715 
8*879118 1 27 11*120882 
8*879949 2 55 11*120051 
8*880779 3 82 11*119221 
8*881607 4 no 11*118393 
8*882433 5 137 11*117567 
8*883258 6 165 11*116742 
8*884081 7 192 11*115919 
8*884903 8220 11*115097 
8*885723 9247 11-114277 
8*88654210275 11*113458 
8*887359 ^ ^7 11*112641 
8*888174 2 54 11*111826 
8*888988 3 81 11*111012 

8*889801 4 108 11*110199 
8*890612 5 135 11*109388 
8*891421 6 162 11*108579 
8*892229 7 189 11*107771 
S'893cF 35 8 216 11*106965 
8*893840 9243 ii'io6i6o 
8*894643 10 270 11*105357 

I Cosine Parts Secant 


Tangent Parts Cotang. 

T-844644 ”**55356 

8*845551 I" 30 11*154449 
8*846455 2 60 11153545 

8*847358 3 90 11*152642 

8*848260 4 120 11*151740 

8*849159 6 150 11*150841 
8*850057 6 i8t 11*149943 
8*850952 721011*149048 

8*851846 823911*148154 

8*852738 926911*147262 

8*853628 10 299 11*1463721 


8*850057 

8*850952 

8*851846 


8*854517 

8*855403 

8*856288 


1 29 11*145483 

2 59 11*144597 

3 88 11*143712 


8*857171 4 117 11*142829 


8*858053 

8*858932 


5 146 11*141947 

6 176 11*141068 


8*859810 7205 11*140190 

8*86o686 « 234 11*139314 

8*861560 9264 11*138440 

8*862433 10 29*^ ”‘I 3 7567 
8*863303 1 29 11*136697 

8*864173 2 58 11*135827 

8*865040 3 86 11*134960 

8*865906 4 115 11*134094 
8*866769 5 144 11*133231 

8*867632 6 173 11*132368 

8*868492 7201 11*131508 

8*869351 8230 11*130649 

8*870208 9259 11*129792 

8*871064 10 288 11*128936 
8*871918 1 28 11*128082 

8*872770 2 56 11*127230 

8*873620 3 85 11*126380 
8*874469 4 113 11*125531 

^'^75317 ® 14* ”*”4683 
8*876162 6 169 11*123838 
8*877006 7 197 11*122994 

8*877849 8225 ”’1^2151 

8*878689 9254 11*121311 

8*879529 10 282 11*120471 


8*880366 

8*881202 

8*882037 

8*882869 

8*883701 


1 28 11*119634 

2 55 11*118798 

3 83 11*117963 

4 III 11*117131 
138 11*116299 


8*884530 6 166 11*115470 


8*885358 7 193 11*114642 

8*886185 8 221 11*1 13815 

8*887010 9 249 II 1 12990 

8*887833 10 276 'h*ii2i67 

8*888655 ^ ^7 *^'^^*345 

8*889476 2 54 11*110524 

8*890295 3 81 11*109705 

8*891112 4109 n*io8888 

8*891928 5 136 11*108072 

8*892742 6163 11*107258 

8*893555 7 190 11*106445 

8*894366 8 217 11*105634 

8*895176 9244 11*104824 
8*895984 10 271 ii*,to4oi6 

Cotang. Parts Tangent 


8*885358 

8*886185 

8*887010 


8*892742 

8*893555 

8*894366 


10*001059 
10*001064 
io*ooic68 
10*001073 
10*001077 
io*ooio8i 
io*ooio86 
10*001090 
10*001095 
10*001099 
10*001104 
10*001 108 
10*0011x3 
10*001117 
10*001122 
10*001127 
10*001131 
10*001136 
io*coi 140 
10*001 145 
10*001149 
10*001154 
10*001159 
10*001163 
10*001168 
10*001 173 
10*001177 
10*001182 
10*001187 
10*001 191 
10*001 196 
10*001201 
10*001205 
10*001210 
10*001215 
10*001219 
10*001224 
10*001229 
10*001234 
10*001238 
10*001243 
10*001248 
10*001253 
10*001258 
10*001262 
10*001267 

jlO*OOI 272 

10*001277 

10*001282 

10*001287 

10*001292 

10*001296 

10*001301 

10*001306 

10*001311 

10*001316 

10*001321 

10*001326 

10*001331 

10*001336 

iio*c'oi34i 


Parts I Cosine *”* ^ 

9*998941 44 "w" 
I'^o 9*998936 58 3,1 

2 o 9*998932 56 

3 o 9*998927 54 30 

4 1 9*998923 5-2 68 

6 1 9*998919 50 30 

6 I 9*998914 48 67 

7 1 9*998910 46 30 

8 I 9*998905 44 66 

9 1 9*998901 42 30 

10 2 9*998896 40 65 

11 2 9*998892 38 

12 2 9*998887 36 64 

13 2 9*998883 34 30 

14 2 9*998878 32 53 

15 2 9*998873 30 30 

16 2 9*998869 28 62 

17 3 9*998864 26 30 

[ 3 9*998860 24 61 

19 3 9*998855 22 30 

20 3 9*998851 20 50 

21 3 9*998846 18 30 

22 3 9*998841 16 49 

23 3 9*998837 14 30 

24 4 9*998832 12 48 

25 4 9*998827 10 30 

26 4 9*998823 8 47 

27 4 9*998818 6 .!10 

28 4 9*998813 4 40 

29 4 9*998809 2 30 

30 5 9*998804 4 b 3 4.'* 

1 o 9 * 99^799 58 

2 o 9*998795 56 44 

3 O 9*998790 54 30 

4 I 9*998785 52 4:1 

5 1 9*998781 50 30 

6 I 9*998776 48 42 

7 I 9*998771 30 

8 1 9*998766 44 41 

9 I 9*998762 42 30 

10 2 9*998757 40 ^ 

11 2 9*998752 38 30 

12 2 9*998747 36 

13 2 9*998742 34 30 

14 2 9*998738 32 38 

15 2 9*998733 30 30 

16 3 9*998728 28 37 

1-7 3 9*998723 26 30 

18 3 9*998718 24 36 

19 3 9*998713 2*2 30 

20 3 9*998708 20 35 

21 3 9*998704 18 30 

22 4 9*998699 16 34 

23 4 9*998694 14 30 

24 4 9*998689 12 33 

25 4 9*998684 10 30 

26 4 9*998679 8 32 

27 4 9*998674 6 30 

28 5 9*998669 4 31 

29 5 9*998664 2 30 

30 5 9*998659 0 30 

Parts Sine ^ 

3 ^ 42 "’ 
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701 


1 LOG. SINES, COSINES, &c. | 


0 »> 

18 *" 




4 - 







/ ^ 

'l“ 

^*1 Sine 

Part* 

Cosec. 

Tangent 

Part*! 

Cotang. 

Secant 

Part 

Cosine 

,m 

. ' ff 

:to 


8*8946^ 


11*10535' 

8*895984 


1 1*1040 it 

10*00134 


9*998655 


& 30 

3 ( 


fS 9544 

5 1 26 

ii*i 0455 < 

8*896791 


11*103205 

io*ooi34t 

1" c 

9*99865^ 

58 

30 

31 

4 

S’S9624 

6 2 53 

11*10375^ 

8*897596 

2 53 

11*10240^^ 

10*00135 

2 c 

9*998645 

5h 

29 

3 (] 

fi 

8*89704 

4 3 79 

1 1* 102956 

8*898400 

3 8c 

I i*ioi6oc 

10*0013 5t 

3 1 

9-998644 

54 

30 

32 

8 

8*89784 

2 4 rc6 

1 1* 102 158 

8*899203 

4 107 

11*100797 

10*001 361 

4 I 

9*998639 

52 

28 

30 

10 

8*89863 

8 5 132 

1 1*101362 

8*900004 

5 133 

1 1*099996 

10*001366 

5 I 

9*998634 

50 

30 

33 

12 

8*89943 

2 6 159 

1 1* 10056^ 

8*900803 

6 160 

11*099197 

10*001371 

6 1 

9-998629 

48 

27 

3 ( 

14 

8*90022 

5 7 185 

11*099775 

8*901601 

7 186 

1 1*098399 

10*001376 

7 I 

9-998624 

46 

30 

34 

10 

8*90101 

7 8212 

1 1*098983 

8*902398 

8 213 

11*097602 

10*001381 

8 1 

9-998619 

44 

26 

30 

18 

8*90180 

9238 

11*098193 

8-903193 

9 240 

11*096807 

10*001386 

9 2 

9-998614 

42 

30 

35 

20 

8*902 59( 

1 10 265 

11-097404 

8*903987 

10 266 

1 1*096013 

10*001391 

10 2 

9-998609 

40 

25 

30 

22 

8*90338 

1 26 

1 1*096617 

8*904779 

1 26 

11*09522 1 

10*001396 

11 2 

9-998604 

38 

30 

30* 

24 

8*904161 

2 52 

1 1*09583 I 

8*905570 

2 52 

11*094430 

10*001401 

12 2 

9-998599 

36 

24 

30 

•20 

8*90495' 

3 78 

11*095047 

8*906359 

3 79 

1 1*093641 

10*001406 

13 2 

9-998594 

34 

30 

37 

28 

8*90573^ 

4 104 

11-094264 

8*907147 

4 105 

1 1-092853 

10*00141 1 

14 2 

9*998589 

3*2 

23 

30 

30 

8*9065 

6 130 

11*093483 

8 * 9«7934 

6 131 

1 1*092066 

10001416 

15 3 

9-998584 

30 

30 

38 

32 

8*90729- 

6 156 

11*092703 

8*908719 

6 157 

11-091281 

10*001422 

ir> 3 

9-99S578 

‘28 

22 

30 

34 

8*908076 

7 182 

1 1*091924 

8*909503 

7 183 

1 l‘Oqo407 

10*001427 

17 3 

9*998573 

26 

30 

39 

30 

8*908853 

8 208 

11-091147 

8*910285 

8 209 

I i’o89715 

10*001432 

18 3 

9-998568 

•24 

21 

30 

38 

8*909629 

9 234 

1 1*090371 

8*91 1066 

9 236 

11*088934 

10*0014.37 

19 3 

9-998563 

*2*2 

30 

40 

40 

8*9 1040^ 

10 260 

1 1-089596 

8-911846 

10 262 

11*088154 

10*001442 

20 3 

9-998558 

20 

20 

30 

4*2 

8*91 1 177 

1 26 

11*088823 

8*912624 

1 26 

11*087376 

10*001447 

21 4 

9*998553 

18 

30 

U 

44 

8*911949 

2 51 

1 1*08805 1 

8*913401 

2 <;i 

11*086599 

10*001452 

22 4 

9*998548 

16 

1.9 

30 


8*912719 

3 77 

11*087281 

8*914177 

3 77 

11*085823 

10*001458 

23 4 

9-998542 

14 

30 

42 

48 

S‘ 9 I 3488 

4 102 

1 1*086512 

8-914951 

4 103 

11*085049 

10*001463 

24 4 

9-998537 

12 

18 

30 

flO 

8*914256 

6 128 

11-085744 

8*915724 

5 129 

11*084276 

10*001468 

25 4 

9*998532 

10 

30 

43 

32 

8*915022 

6 153 

1 1*084978 

8*916495 

6 154 

11*083505 

10*001473 

26 4 

9*998527 

8 

17 

30 

34 

8*915787 

7 179 

1 1*084213 

8*917265 

7 180 

11*082735 

10*001478 

27 5 

9-998522 

G 

30 

44 

30 

8*916550 

8 204 

1 1*083450 

8*918034 

8 206 

1 1*081966 

10*001484 

28 5 

9*998516 

4 

18 

30 

38 

8*917313 

9 230 

1 1*082687 

8*918801 

9 23 I 

1 i'c8 1199 

10*001489 

29 5 

9*998511 

2 

30 

45 

19 

8*918073 

10 255 

1 1*08 1927 

8*919568 

10 257 

1 1*080432 

10*001494 

30 5 

9 - 99 S 506 

41 

15 

30 

•2 

8*918833 

1 25 

I i‘o8i 167 

8*920332 

1 25 

1 1 *079668 

10*001499 

1 0 

9-998501 

58 

30 

48 

4 

8*919591 

2 50 

11*080409 

8*921096 

2 51 

1 1 *078904 

10*001505 

2 0 

9-998495 

56 

14 

30 

0 

8*920348 

3 75 

11*079652 

8*921858 

3 76 

1 1*078 142 

10*001510 

3 1 

9-998490 

54 

30 

47 

H 

8*921 103 

4 100 

11*078897 

8*922619 

4 loi 

11-077381 

10-001515 

4 1 

9-998485 

52 

13 

30 

10 

8*921858 

6 125 

1 1-078142 

^‘923378 

5 126 

1 1*076622 

10*001 521 

5 1 

9-998479 

50 

30 

48 

12 

8*9226 1C 

6 150 

11-077390 

8*924 1 36 

6 152 

1 1*075864 

10*001 526 

6 1 

9*998474 

48 

12 

30 

14 

8*923362 

7 175 

1 1*076638 

8-924893 

7 177 

1 1-075107 

10*001531 

7 1 ' 

9*998469 

46 

30 

49 

10 

8*9241 12 

8 201 

11*075888 

8*925649 

8 202 

1 1*074351 

10*001 536 

8 1 

9-998464 

14 

11 

30 

18 

8*924861 

9 226 

11-075139 

8*926403 

9 227 

11*073597 

10-001542 

9 2 

9-998458 

42 

30 

50 

20 

8*925609 

10 251 

^»‘ 07439 » 

8-927156 


1 1-072844 

10-COI547 

10 2 

9-998453 

40 

10 

30 

22 

8*926355 


11*073645 

8*927908 

. 

1 25 

1 ro72C92 

10*001552 

11 2 i 

9-998448 

38 

30 

51 

24 

8:927 100 

2 49 ] 

1 1*072900 

8*928658 

2 50 

11-071342 

10*001558 

12 2 

9-998442 

36 

9 

3 I» 

*26 

8*927844 

3 74 : 

1 1*072156 

8-929407 

3 74 

11-070593 

10*001 563 

13 2 1 

9 ' 99 H 37 

34 

30 

52 

28 

8*928587 

4 99 ] 

1 1-071413 

8*930155 

4 99 

1 1-069845 

10*001 569 

14 3 ! 

9-998431 

32 

8 

30 

30 

8*929328 

5 123 : 

1 1*070672 

8*930902 

5 124 

1 1 *069098 

10*001574 

15 3 

9-998426 

30 

30 

53 

32 

8*930068 

6 148 1 

1 1*069932 

8*931647 

6 149 

1 1*068353 

10*001 579 

16 3 1 

9-998421 

*28 

7 

30 

34 

8*930806 

7 173 J 

1 1*069194 

8-932391 

7 174 

1 1*067609 

10*001585 

17 3 ' 

9-998415 

*26 

30 

54 

30 

8 ' 93 I 544 

8 197 1 

r 1*068456 

^•933134 

8 199 1 

n *066866 J 

10*001 590 

18 3 , 

9-9984 10 

•24 

6 

30 

38 ; 

8*932280 

9 222 1 

[1*067720 

8*933876 

9 223 1 

[1*066124 ] 

[0*001596 

19 3 ‘ 

9-998404 

22 

30 

55 

40 ; 

8*933015 1 

10 247 1 

11*066985 

8*934616 ] 

10 248 1 

11*065384 ] 

ro*coi6oi 

20 4 ( 

9-998399 

‘20 

5 

30 

42 ' 

8*933749 

1 24 1 

1*066251 

8 - 9353*57 

1 24 1 

11*064645 ] 

[o*coi6o6 

21 4 ( 

P998394 

18 

30 

)fi 

44 1 

8*934481 

2 48 1 

1*065519 

8-936093 

2 49 1 

11*063907 1 

0C001612 

22 4 c 

9-998388 

16 

4 

30 

40 j 

8*935212 

•3 73 I 

1*064788 

8-936830 

3 73 J 

[1*063170 I 

0*001617 

23 4 c 

9-998383 

14 

30 

i 7 

48 1 

8-935942 

4 97 I 

1*064058 

8 - 9375^5 

4 98 ] 

[1*062435 * 

0*001623 

24 4 t 

9-998377 

12 

3 

30 

60 1 

8*936671 

5 I 2 I I 

1*063329 

8*938299 

5 122 ] 

[1*061701 1 

0*001628 

25 4 c 

9-998372 

10 

30 

>8 

62 j 

8 937398 

6 145 I 

1*062602 

8*939032 

6 147 1 

[1*060968 I 

0*001634 

26 5 c 

9-998566 

8 

n 

30 

54 J 

8*938125 

7 170 I 

1*061875 

8*939764 

7 171 1 

: 1*060236 1 

0*001639 

27 5 5 

9*998361 

0 

.iO 

►9 

50 j 

8*938850 

8 194 I 

1*061150 

8*940494 

8 195 1 

1*059506 I 

0*001645 ' 

28 5 s 

>*998355 

4 

1 

30 < 

58 1 

1*939573 

9 218 I 

1*060427 

8*941224 

9 220 1 

; 1*058776 I 

0*001650 ' 

29 S 5 

9-998350 

2 

30 

>0 s 

|0 J 

8*940296 1 

0 242 I 

1*059704 

8*941952 1 

iO 244 1 

[1*058048 1 

0*001656 : 

30 . 5 S 

9*998344 

0 

0 


ki. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 1 

tn. 

/ // 

1 .^ 






85° 




S'" 4 



T02 
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j LOG. SINES, COSINES, ike. . | 

1 Oh 

20-" 




5 ° 








/ If 

m. 

II* 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

1 Parts 

Cosine 

m. 

t n 

0 

0 

8*940*296 


11*059704 

8*941952 


1 1*058048 

10*001656 



9 ‘ 99«344 

40 

«0 

30 

2 

8*941017 

1 " 24 

11*058983 

8*942679 

1 " 24 

11*057321 

10*001660 

1' 

0 

9*998339 

5 H 

30 

1 

4 

8*941738 

2 48 

1 1*058262 

8*943404 

2 48 

1 1*056596 

10*001667 

2 

0 

9*998333 

5(5 


30 

0 

8*942457 

3 71 

ii ‘057543 

8 * 944 n 9 

3 72 

11 0558-1 

10*001672 

3 

I 

9*998328 

54 

30 

2 

8 

8*943174 

4 95 

1 1*056826 

8-944852 

4 96 

11-055148 

10*001678 

4 

I 

9*998322 

5*2 

5 a 

30 

10 

8-943891 

5119 

11*056109 

8*945574 

5 120 

11*054426 

10*001684 

5 

I 

9*998316 

50 

30 

3 

12 

8*944606 

6 143 

1^*055394 

8*946295 

6 i4 

11-053705 

10*00,1689 

6 

I 

9*998311 

48 

^7 

30 

14 

8 ' 9453 ^i 

7 167 

11*054679 

8-947015 

7 168 

1 1*05298 5 

10*001695 

7 

I 

9*998305 

40 

30 

4 

10 

8*946034 

8 191 

I l*053c;66 

8 ‘9477 34 

8 192 

11*052266 

10*001700 

8 

z 

9*998300 

44 

6(; 

30 

18 

8*946745 

9 214 

,11*053255 

8-948451 

9 216 

11*051549 

10*001706 

9 

2 

9*998294 

4*2 

30 

5 

20 

8*947456 

10 238 

11*052544 

8-949168 

10 240 

11*050832 

10*00171 1 

10 

z 

9*998289 

40 

55 

ao 

22 

8*^48166 

1 23 

11*051834 

8-949883 

1 24 

11*050117 

10*0017 17 

11 

2 

9*998283 

as 

30 

6 

24 

8*948874 

2 47 

11*051126 

8-950597 

2 47 

1 1*049403 

10*001723 

12 

2 

9*998277 

36 

54 

30 

26 

8*949581 

3 70 

11*050419 

8-951309 

3 71 

1 1*04869 1 

10*001728 

13 

2 

9*998272 

at 

30 

7 

28 

8*950287 

4 94 

11*049713 

8*952021 

4 95 

11*047979 

10*001734 

14 

3 

9*998266 

d*2 

53 

30 

30 

8*950992 

5 117 

11*049008 

8*952732 

5 118 

11*047268 

10*001740 

15 

3 

9*998260 

30 

30 

8 

J2 

8*951696 

6 141 

11*048304 

8*953441 

6 142 

11*046^59 

10*001745 

16 

3 

9*998255 

28 

52 

30 

34 

8*952398 

7 164 

11-047602 

8-954149 

7 165 

11*045851 

10*001751 

17 

3 

9*998249 

•26 

30 

9 

36 

8*953100 

8 188 

1 1*046900 

8*954856 

8 189 

11*045144 

10*00 17 57 

18 

3 

9-998243 

24 

51 

30 

38 

8*953800 

9 211 

0 

0 

0 

8*955562 

9 213 

11*044438 

10*001762 

19 

4 

9*008238 

22 

30 

10 

40 

8*954409 

10 235 

11*045501 

8*956267 

10 236 

11*043735 

10*001768 

20 

4 

9-998232 

20 

50 

30 

42 

8*955197 

1 23 

1 1*044803 

8*956971 

1 23 

1 1*043029 

10*001774 

21 

4 

9*998226 

18 

30 

11 

4>i 

8*955894 

2 46 

11*044106 

8*957674 

2 47 

11*042326 

10*001730 

22 

4 

9*998220 

1(5 

40 

30 

46 

8*956590 

3 69 

1 1*043410 

8-958375 

3 70 

1 1*041625 

10*001785 

23 

4 

9*998215 

14 

30 

12 

48 

8*957284 

4 92 

11*042716 

8*959075 

4 93 

1 1 *04092 5 

10*001791 

24 

5 

9*998209 

12 

48 

30 

50 

8-957978 

5 I15 

11*042022 

8*959775 

5 116 

1 1*040225 

10*001797 

25 

5 

9*998203 

10 

30 

13 

'52 

8*058670 

6 138 

11*041330 

8*960473 

6 140 

11*039527 

10*001803 

26 

5 

9*998197 

8 

47 

30 

54 

8*959362 

7 161 

1 1*040638 

8*961170 

7 163 

11*038830 

io*coi8o8 

27 

5 

9*998192 

(5 

30 

14 

56 

8*960052 

8 185 

11*039948 

8*961866 

8 186 

11*038134 

10*001814 

28 

S 

9*998186 

4 

46 

30 

58 

8*960741 

9 208 

11*039259 

8*962561 

9 209 

11*037439 

10*001820 

29 

6 

9*998180 

2 

30 

15 

21 

8*961429 

10 231 

11*038571 

8*963255 

10 233 

11*036745 

10*001826 

30 

6 

9*998174 

30 

45 

30 

2 

8*962116 

1 23 

11*037884 

8*963947 

1 23. 

1 1*036053 

10*001832 

1 

0 

9*998168 

58 

3 /: 

16 

4 

8*962801 

2 45 

11*037199 

8*964639 

2 46 

11*035361 

10*001837 

2 

0 

9*998163 

56 

44 

39 

6 

8*963486 

3 68 

11*036514 

8*965329 

3 69 

11*034671 

10*001843 

3 

I 

9*99^157 

54 

30 

17 

8 

8*964170 

4 91 

11*035830 

8*966019 

4 92 

11*033981 

10*001849 

4 

I 

9*998151 

52 

43 

30 

10 

8*964852 

5 1 14 

11*035148 

1 8*966707 

5 115 

11*033293 

10*001855 

5 

I 

9*998145 

50 

30 

18 

1 12 

8*965534 

6 136 

1 1*0*54466 

8*967394 

6 137 

11*032606 

io*ooi86r 

6 

I 

9*998139 

48 

42 

30 

14 

8*966214 

7 159 

11*033786 

8*968081 

7 160 

1 1*03 1919 

10*001867 

7 

I 

9*998133 

46 

30 

19 

16 

8*966893 

8 182 

11*033107 

8*968766 

8 183 ) 

11* -31234 

oc 

0 

0 

0 

8 

2 

9*998128 

44 

41 

30 

18 

8*967572 

9 205 

11*032428 

8*969450 

9 206 ' 

1 1*030550 

10*001878 

9 

2 

9*998:22 

42 

30 

20 

20 

8*968249 

10 227 

11*031751 

8*970133 

10 229 

11*029867 

10*001884 

10 

2 

9*998116 

40 

40 

30 

22 

^*968925 

1 22 

11*031075 

8*970815 

1 23 

1 1*029 185 

10*001890 

11 

2 

9*998110 

38 

30 

21 

24 

8*969600 

2 45 

11*030400 

8*971496 

2 45 

11*028504 

10*001896 

12 

2 

9*998104 

36 

39 

30 

26 

8*970274 

3 67 

11*029726 

8*972176 

3 68 

11*027824 

10*001902 

13 

3 

9*998098 

34 

30 

22 

28 

8*970947 

4 89 

11*029053 

8*972855 

4 90 

1 1*027145 

10*001908 

14 

3 

9*998092 

32 

38 

30 

30 

3*971619 

5 112 

11*028381 

8 * 97353 ^ 

5 113 

1 1*026468 

10*001914 

15 

3 

9*998086 

30 

30 

23 

32 

8*972289 

6 134 

1 1*02771 1 

8*974209 

6 135 

11*025791 

10*001920 

16 

3 

'9*998080 

28 

37 

30 

34 

8*972959 

7 156 

1 1*027041 

8*974885 

7 158 

11*025115 

10*001926 

17 

3 

9*998074 

26 

30 

24 

36 

8*973628 

8 179 

11*026372 

8*975560 

8 180 

1 1*024440 

10*001932 

18 

4 

9*998068 

•24 

36 

30 

38 

8*974296 

9 201 

11*025704 

[ 8*9762^3 

9 203 

1 1*023767 

I0*00iq38 

19 

4 

9*998062 

22 

30 

25 

40 

8*974962 

10 223 

11*025038 

8*976906 

10 226 

1 1*023094 

10*001944 

20 

4 

9*998056 

•20 

35 

30 

42 

8*975628 

1 22 

11*024372 

8*977578' 

1 22 

1 1*022422 

10*001950 

21 

4 

9*098050 

18 

30 

26 

44 

8*976293 

2 44 

11*023707 

8*978248 

2 44 

11*021752 

10*001956 

22 

5 

9*998044 

16 

34 

30 

46 

8*976956 

3 66 

11*023044 

8*978918 

3 67 

1 1*021082 

10*001962 

23 

5 

9*998038 

14 

30 

27 

48 

8*977619 

4 88 

1 1*022381 

8*979586 

4 89 

11*020414 

10*001968 

24 

S 

9*998032 

12 

33 

30 

50 

8*978280 

5 no 

1 1*021720 

8*980254 

5 III 

11*019746 

10*001974 

25 

5 

9*998026 

10 

30 

28 

52 

8*978941 

6 132 

11*021059 

8*980921 

6 133 

1 1*019079 

10*001980 

26 

5 

9*998020 

8 

32 

30 

54 

8*979600 

7 154 

11*020400 

8*981586 

7 156 

11*018414 

10*001986 

27 

5 

9*998014 

6 

30 

29 

56 

8*980259 

' 8 176 

11*019741 

8*982251 

8 178 

11*017749 

10*001992 

28 

6 

9*998008 

4 

31 

30 

58 

8*980916 

9 198 

11*019084 

8*982914 

9 200 

11*017086 

10*001998 

29 

6 

9*998002 

2 

30 

30 

aa 

8*981573 

10 220 

1 1*018427 

8*983577 

10 222 

11*016423 

10*002004 

30 

6 

9*997996 

0 

30 

m 
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LOG. SINES, COSINES, &c. 


Oh 2>^m 50 


/ // 

m. 

i> 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 


f // 

■30 

0 

8-981573 


11*018427 

8-983577 


11*016423 

10 *002004 



9*997996 

3 C 

:<() 

JO 

2 

8*982228 

1" 22 

11*017772 

8*984238 

1" 22 

11*015762 

10*002010 

r 

0 

9*997990 

5 K 

30 

31 

4 

8*982883 

2 43 

11*017117 

8*984899 

2 44 

11*015101 

I 0 *C 020 i 6 

2 

0 

9*997984 

rAi 


{0 

6 

8*983536 

3 65 

1 1*016464 

8*985559 

3 66 

11*014441 

10*002022 

3 

I 

9*997978 

.'54 

.30 

32 

8 

8*984189 

4 87 

1 1*01581 1 

8-986217 

4 88 

11*013783 

10*002028 

4 

I 

9*907972 


28 

30 

10 

8*984840 

5 109 

11*015160 

8*986875 

6 no 

11*013125 

10*002035 

5 

I 

9*997965 

.'iO 

30 

33 

12 

8*985491 

6 130 

11*014509 

8*987532 


11*012468 

10*002041 

6 

I 

9-997959 

48 

27 

30 

14 

8*986141 

7 152 

11*013859 

8-988187 

* 153 

11*011813 

10*002047 

7 

1 

9*997953 

4 fi 

30 

34 

10 

8*986789 

8 174 

11*013211 

8*988842 

8 175 

11*011158 

10*002053 

8 

z 

9*997947 

4^1 

26 

30 

18 

8*987437 

9 195 

1 1*012563 

8-989496 

9 197 

1.1*010504 

10*002059 

9 

2 

9*997941 

42 

3(1 

35 

20 

8*988083 

10 217 

11*01 1917 

8-990149 

10 219 

11*009851 

10*002065 

10 

2 

9*997935 

40 

2.-) 

30 

22 

8*988729 

1 21 

11*01 1271 

8-990801 

1 22 

1 I*oogi90 

10-002071 

11 

2 

9*997929 

38 

3 G 

36 

24 

8*989374 

2 43 

1 1*010626 

8-991451 

2 43 

ii-co8 549 

10*002078 

12 

2 

9*997922 

30 

24 

30 

26 

8*990017 

3 64 

1 1*009983 

8*992101 

3 65 

11-007899 

10*002084 

13 

3 

9*997916 

34 

30 

37 

28 

8-990660 

4 85 

1 1*009340 

8*992750 

4 86 

1 1-007250 

10002090 

14 

3 

9*997910 

32 

23 

30 

30 

8-991302 

5 107 

11-008698 

8-993398 

5 ic8 

1 1 *006602 

10*002096 

15 

3 

9*997904 

30 

30 

38 

J2 

8*991943 

6 128 

0 

0 

00 

0 

8*994045 

6 129 

11*005955 

10*002103 

16 

3 

9*997897 

28 

22 

30 

34 

8*992583 

7 150 

11*007417 

8*994692 

7 151 

1 1*005308 

10*002109 

17 

4 

9*997891 

•20 

30 

39 

36 

8*993222 

8 171 

11-006778 

J ^'995337 

8 173 

1 1 ‘00466 3 

10*002115 

18 

4 

9*997885 

24 

21 

30 

38 

8*993860 

9 192 

11*006140 

8*995981 

9 194 

1 1*004019 

10*002121 

19 

4 

9*997879 

22 

30 

40 

40 

5**994497 

10 214 

11-005503 

8*996624 

10 216 

11*003376 

10*002128 

20 

4 

9*997872 

20 

20 

30 

42 

8*995133 

1 21 

I 1*004867 

8*997267 

1 2 1 

I i-*oo 2733 

10*002 1 34 

21 

4 

9*997866 

18 

30 

41 

44 

8*995768 

2 42 

I 1*004232 

8*997908 

2 43 

11*002092 

10*0021^0 

22 

5 

9*997860 

10 

19 

30 

46 

8*996402 

3 63 

11*003598 

8-998549 

3 64 

1 1*001451 

10*002146 

23 

5 

9*997854 

14 

30 

43 

48 

8*997036 

4 84 

11*002964 

8*999188 

4 85 

11 *0008 1 2 

10*002153 

24 

5 

9*997847 

12 

18 

30 

50 

8*997668 

5 105 

11*002332 

8*999827 

5 106 

1 1*000173 

10*002159 

25 

5 

9*997841 

10 

30 

43 

52 

8*998299 

6 126 

11*001701 

9*000465 

6 128 

* 0*999535 

10*002165 

26 

5 

9*997835 

8 

n 

30 

54 

8*998930 

7 147 

11*001070 

9*001102 

7 149 

10*998898 

10*002172 

27 

6 

9*997828 

0 

30 

44 

56 

8*999560 

8 168 

11*000440 

9*001738 

8 170 

10*998262 

10*002178 

28 

6 

9*997822 

4 

16 

:«» 

58 

9*000188 

9 189 

10*999812 

9*002373 

9 191 

10*997627 

10*002184 

29 

6 

9*997816 

2 

30 

45 

as 

9*000816 

10 210 

10*999184 

9*003007 

10 213 

^0^96993 

10*002191 

30 

6 

9*997809 

37 

16 

30 

2 

9*001443 

1 21 

* 0 * 99^^557 

9*003640 

1 21 

10*996360 

10*002197 

1 

c 

9*997803 

58 

30 

46 

4 

9*002069 

2 41 

10*997931 

9-004272 

2 42 

10*995728 

10*002203 

2 

0 

9*997797 

50 

14 

30 

6 

9*002694 

3 62 

10*997306 

9*004904 

3 63 

10*995096 

10*002210 

3 

I 

9*997790 

54 

30 

47 

8 

9*003318 

4 83 

10*996682 

9*005534 

! 4 84 

10*994466 

JC;’ 0022 i 6 

4 

1 

9*997784 

52 

1:1 

30 

10 

9*003941 

5 104 

10*996059 

9-006164 

6 105 

10*993836 

10*002223 

5 

I 

9-997777 

.50 

30 

48 

12 

9*004563 

6 124 

10*995437 

9*006792 

6 126 

10*993208 

10*002229 

6 

I 

9*997771 

48 1 

2 

30 

14 

9*005185 

7 145 

10*994815 

9*007420 

7 147 

10*992580 

10*002235 

7 

I 

9-997765 

4 « 

30 

40 

16 

9*005805 

8 166 

10*994195 

9*008047 

8 167 

10*991953 

10*002242’ 

8 

2 

9*997758 

44 

11 

30 

18 

9*006425 

9 187 

io '993575 

9*008673 

9 188 

10*991327 

10*002248 

9 

2 

9*997752 

42 

30 

50 

20 

9*007044 

10 207 

10-992956 

9*009298 

10 209 

10*990702 

10*002255 

10 

2 

9*997745 

40 

10 

30 

22 

9*007661 

1 20 

10*992339 

9009923' 

1 21 

10-99C077 

10*002261 

11 

2 

9*997739 

38 

30 

51 

24 

9*008278 

2 41 

io*. 99 i 722 

9*010546 

2 41 

10*989454 

10002268 

12 

3 

9*997732 

3 b 

9 

30 

26 

9*008894 

3 61 

10*991 106 

9*011169 

3 62 

10*988831 

10*002274 

13 

3 

9*997726 

34 

30 

52 

28 

9*009510 

4 82 

10-990490 

9*011790 

4 83 

10*988210 

10*002281 

14 

3 

9*997719 

32 

8 

30 

30 

9*010124 

5 102 

10*989876 

9*012411 

5 103 

10*987589 

10*002287 

15 

3 

9*997713 

30 

30 

53 

32 

9*010737 

6 123 

10-989263 

9-013031 

6 124 

10*986969 

10*002294 

16 

3 

9*997706 

28 

7 

30 

34 

9*011350 

7 143 

10*988650 

9-013650 

7 145 

10*986350 

10*002300 

17 

4 

9*997700 

*26 

30 

54 

36 

9*011962 

8 163 

10*988038 

9*014268 

8 165 

10*985732 

10*002307 

18 

4 

9*997693 

24 

6 

30 

38 

9*012572 

9 184 

10*987428 

9*014886 

9 186 

10*985114 

10*002313 

19 

4 

9*997687 

22 

30 

65 * 

40 

9*013182 

[10 204 

10*986818 

9*015502 

10 207 

10*984498 

10*002320 

20 

4 

0*997680 

‘2l> 

5 

80 

42 

9*013791 

1 20 

10*986209 

9*oi6ii8 

1 20 

10*983882 

10*002326 

21 

4 

9*997674 

18 

30 

56 

44 

9*014400 

2 40 

10*985600 

9*016732 

2 41 

10*983268 

10*002333 

22 

5 

9*997667 

IH 

4 

30 

46 

9*oi$oo7 

3 61 

10*984993 

9*017346 

3 61 

10*982654 

io*oodr339 

23 

5 

9*997661 

14 

.30 

57 

48 

9*015613 

4 81 

10*984387 

9*017959 

4 gi 

10*982041 

10*002346 

24 

5 

9*997654 

12 

3 

30 

50 

9*016219 

5 101 

10*983781 

9*018572 

5 102 

10*981428 

10*002353 

25 

5 

9*997647 

IS 

.30 

58 

52 

9*016824 

6 121 

10*983176 

9*019183 

6 122 

10*980817 

10*002359 

26 

5 

9*997641 

8 

2 

30 

54 

9*017428 

7 141 

10*982572 

9*019794 

7 143 

10*980206 

10*002366 

27 

6 

0*997634 

0 

3 (' 

59 

56 

9*018031 

8 161 

10*981969 

9 * 0204 P 3 

8 163 

10*979597 

10*002372 

28 

6 

9*997628 

4 

1 

30 

58 

9*^18633 

9 182 

10*981367 

9*021012 

9 183 

10*978988 

10*002379 

29 

6 

9*997621 

2 

3 t 

60 , 

aft 

9*019235 

10 202 

10*980765 

9*021620 

10 204 

10*978380 

10*002386 

i 30 

6 

19*997614 
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1 LOG. SIKES, COSIN ICS, &c. | 
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m 

Sine 

Parts 

Cose<5. 

Tangent 

Parts 

1 Cotang. 

Secant 

Parts 

Cosine 

1^; 

/ ft 

0 

0 

9-019235 


10*980765 

9*021620 


10*978380 

10*002386 



[9-9076 14]3€ 

GO 

30 

2 

9-019835 

1" 20 

10*980165 

9*022227 

l 1 " 

10*977773 

10-002392 

1 

' 0 

9*997608 


30 

1 

4 

9-020435 

2 40 

10-979565 

9*022834 

2 40 

10-977166 

10*002399 

2 

0 

19-997601 

50 

69 

30 

6 

9-021034 

3 60 

10-978966 

9-023439 

3 60 

10*976561 

10*002406 

3 

1 

9*997594 

54 

30 

2 

8 

9*021632 

4 79 

10-978368 

9-024044 

4 80 

10-975956 

10-002412 

4 

I 

9-997588 

52 

58 

30 

10 

9*022225 

6 99 

10*977771 

9-024648 

5 loi 

10 * 97535 ^ 

10-002419 

6 

I 

9-997581 

5 » 

30 

3 

12 

9*02282^ 

6 119 

10-977175 

9-025251 

6 y.i 

10*974749 

10-002426 

6 

I 

9-997574 

48 

57 

30 

14 

9-023421 

7 139 

10-976579 

9-025853 

7 141 

10-974147 

10-002432 

7 

2 

9-997568 

40 

30 

4 

16 

9*024016 

8 159 

10-975984 

9-026455 

8 161 

10*973545 

10-002439 

8 

2 

9-997561 

44 

58 

30 

18 

9*024610 

9 179 

10-975300 

9-027055 

9 181 

10-972945 

10*002446 

9 

2 

9-997554 

4-2 

so 

5 

20 

9-025203 

10 199 

10-974797 

9-027655 

10 201 

10-972345 

10-002453 

10 

2 

9-997547 

40 

55 

30 

22 

9*025795 

1 20 

10-974205 

9-028254 

1 20 

10-971746 

10*002459 

11 

2 

9-997541 

38 

~ 30 ~ 

6 

24 

9-026386 

2 39 

io> 9736 i 4 

9-028852 

2 40 

10-971148 

10-002466 

12 

3 

9*997534 

30 

54 

30 

26 

9-026977 

3 59 

10-973023 

9-029450 

3 59 

10-970550 

10*002473 

13 

3 

9-9975^7 

34 

30 

7 

29 

9-027567 

4 78 

10-972433 

9-030046 

4 79 

10-969954 

10-002480 

14 

3 

9997520 

32 

58 

30 

30 

9*028156 

5 98 

10-971844 

9*030642 

5 99 

10*969358 

10*002486 

15 

3 

9*997514 

30 

30 

8 

32 

9*028744 

6 118 

10-971256 

9-031237 

6 119 

10*968763 

10*002493 

16 

4 

9*997507 

28 

62 

30 

34 

9-029332 

7 137 

10*970668 

9-031831 

7 139 

10-968169 

10*002500 

17 

4 

9-997500 

20 

30 

9 

36 

9*029918 

8 157 

10-970082 

9-032425 

8 159 

10-967575 

10*002 507 

18 

4 

9*997493 

•24 

51 

30 

39 

9-030504 

9 176 

10*969496 

9-033017 

9 178 

10*966983 

10-002513 

19 

4 

9-997487 

22 

30 

10 

40 

9-03 1089 

10 196 

10*96891 1 

9*033609 

10 198 

10-966391 

10*002520 

20 

5 

9-9974^0 

20 

5(1 

30 

42 

9-03167-^ 

1 19 

10*968327 

9*034200 

1 20 

10-965800 

10*002527 

21 

5 

9*997473 

18 

30 

11 

44 

9-032257 

2 39 

10*967743 

9-034791 

2 39 

10*965209 

10*002534 

22 

5 

9*997466 

10 

49 

30 

46 

9-032839 

3 58 

10*967161 

9-035380 

3 59 

10*964620 

10*002541 

23 

5 

9*997459 

J 4 

30 

12 

48 

9*033421 

4 77 

10*966579 

9-035969 

4 78 

10-964031 

10-002548 

24 

S 

9-997452 

12 

48 

30 

30 

9*034002 

5 97 

10-965998 

9*036557 

5 98 

10*963443 

10-002555 

25 

6 

9*997445 

10 

30 

13 

52 

9*034582 

6 116 

10-965418 

9*037144 

6 117 

10*962856 

10*002561 

26 

6 

9*997439 

8 

47 

30 

54 

9*035162 

7 135 

10*064838 

9-037730 

7 137 

10*962270 

10*002568 

27 

6 

9 * 99743 ^ 

0 

30 

14 

56 

9*035741 

8 155 

10-964259 

9*038316 

8 157 

10*961684 

10*002575 

28 

6 

9 * 9974^5 

4 

4 G 

30 

59 

9-036319 

9 174 

10*963681 

9*038901 

9 176 

10*961099 

10*002582 

29 

7 

9*997418 

2 

30 

Lft 

as 

9-036896 

10 193 

10*963104 

9*039485 

10 196 

10*960515 

10*002589 

30 

7 

9-997411 

35 

46 

30 

2 

9-037472 

1 19 

10*962528 

9*040068 

1 19 

10*959932 

10*002596 

1 

0 

9*997404 

68 

30 

16 

4 

9-038048 

2 38 

10-961952 

9*040651 

2 39 

10*959349 

10*002603 

2 

0 

9*997397 

50 

44 

30 

6 

9-038623 

3 57 

10-961377 

9-041232 

3 58 

10*958768 

10*002610 

3 

I 

9 * 99739 ° 

54 

' 30 

17 

8 

9*039197 

4 76 

10*960803 

9-041813 

4 77 

10*958187 

10*002617 

4 

1 

9*997383 

52 

43 

30 

10 

9-039770 

5 95 

10-960230 

9-042394 

5 97 

10*957606 

10*002624 

5 

I 

9-997376 

50 

3 ( 

18 

12 

9-040342 

6 114 

10-959658 

9-042973 

6 116 

10*957027 

10-002631 

6 

I 

9*997369 

48 

42 

30 

14 

9*040914 

7 133 

10-959086 

9-043552 

7 135 

10*956448 

10*002638 

7 

2 

9-997362 

46 

3 ( 

19 

16 

9-041485 

8 153 

10-958515 

9 044 1 30 

8 154 

10-955870 

10*002645 

8 

2 

9*997355 

41 

41 

30 

19 

9-042055 

9 172 

10-957945 

9-044707 

9 174 

10-955293 

10*002652 

9 

2 

9*997348 

42 

31 

20 

20 

9-042625 

10 191 

10-957375 

9-045284 

10 193 

10-954716 

10*002659 

10 

2 

9*997341 

40 

40 

30 

22 

9*043194 

1 19 

10-956806 

9-045859 

1 19 

10-954141 

10*002666 

11 

3 

9*997334 

38 

30 

21 

24 

9-043762 

2 38 

10*956238 

9-046434 

2 38 

10*953566 

10*002673 

12 

3 

9-997327 

30 

39 

30 

26 

9*044329 

3 56 

10-955671 

9-047009 

3 57 

10-952991 

10*002680 

13 

3 

9-997320 

34 

30 

22 

28 

9-044895 

4 75 

10-955105 

9-047582 

4 76 

10*952418 

10*002687 

14 

3 

9*997313 

32 

38 

30 

30 

9*045461 

5 94 

10-954539 

9-048155 

6 95 

10-951845 

10*002694 

15 

4 

9-997306 

30 

30 

23 

32 

9*046026 

6 113 

10-953974 

9-048727 

6 1 14 

10-951273 

10*002701 

16 

4 

9-997299 

28 

37 

30 

34 

9*046590 

7 132 

10-953410 

9*049298 

7 133 

10-950702 

10-002708 

17 

4 

9-997292 

20 

311 

24 

36 

9*047154 

8 151 

10-952846 

9*049869 

8 153 

10-950131 

10*002715 

18 

4 

9-997285 

24 

3 f) 

30 

38 

9-047717 

9 169 

10-952283 

9-050439 

9 172 

10-949561 

10-002722 

19 

4 

9-997278 

22 

30 

25 

40 

9-048279 

10 188 

10-951721 

9*051008 

10 191 

10-948992 

10-002729 

20 

5 

9-997271 

20 

3 .) 

30 

42 

9*048840 

1 19 

10-951 160 

9-051576 

1 19 

10-948424 

10*002736 

21 

5 

9-997264 

18 

30 

2G 

44 

9-049400 

2 37 

10*950600 

9-052144 

2 38 

10-947856 

10-002743 

22 

5 

9*997257 

16 

34 

30 

to 

9-049960 

3 56 

10-950040 

9-052711 

3 56 

10-947289 

10*002751 

23 

5 

9*997249 

14 

30 

27 

49 

9*050519 

4 74 

10-949481 

9-053277 

^ 75 

10-940723 

0 

d 

0 

'.a 

00 

24 

6 

9*997242 

1*2 

33 

30 

50 

9*051078 

5 93 

10*948922 

9*053843 

6 94 

10-946157 

10-002765 

25 

6 

9*997435 

10 

30 

28 

52 

9*051635 

6 III 

10-948365 

9-054407 

6 113 

10-945593 

10*002772 

26 

6 

9*997228 

8 

32 

30 

54 

9*052192 

7 130 

10-947808 

9*054972 

7 13a 

10-945028 

10*002779 

27 

7 

9*997221 

6 

30 

29 

56 

9*052749 

8 149 

10*947251 

EZ XT M 

8 150 

10-944465 

10*002786 

28 

7 

9*997214 

4 

31 

30 

59 

9*053304 



BS ; 'M 



10*002794 

29 

7 

9*997206 

2 

30 

.30 

as 




BE ; ^ S 



10*002801 

30 

7 

9*997199 


^1 

/ A/ 

m. 

M 
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Parts 1 

Tangent 



Sine 

i 
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TABLE r>8 


705 


LOG. SINES, COSINES, tkc. 

0*' riG'" 


f // 

m. 

*• 

Sine 

Parts 

Cosee. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Co.sine 

.m 

/ n 

30 

0 

9’053859 



10*9461/1 1 

9 056659 



*o- 94334 » 

10*00280 1 



9-997199 

3ft 


3 Q 

2 

9-054413 

1' 

' 18 

10-945587 

9*057221 

1" 19 

10*942779 

10*002808 

1 ' 

0 

9-997 1 9^ 


3 « 

31 

4 

9*054966 

2 

37 

10*945034 

9-057781 

2 

37 

10*942219 

10-002815 

2 

0 

9*997185 

50 

2!) 

30 

0 

9*055519 

3 

55 

10-944481 

9*058341 

3 

56 

10-941659 

10*002822 

?, 

I 

9*997178 

51 

30 

32 » 

8 

9*056071 

4 

73 

10-943929 

9*o<;8qoo 

4 

74 

10*941 ICO 

10-002830 

4 

I 

9*997170 

52 

26 

30 

10 

9*056622 

5 

92 

10*943378 

9-059459 


93 

10*940541 

10*002837 

5 

I 

9*997163 

50 

30 

33 

12 

9-057172 

6 110 

10*942828 

9*060016 

6 

III 

10-939984 

10*002844 

6 

1 

9*997156 

48 

27 

30 

14 

9*057722 

7 

128 

10*942278 

9*060573 

7 

130 

10*939427 

10*002851 

7 

2 

9-997149 

40 

30 

34 

10 

9*058271 

8 

147 

10*941729 

9-061130 

8 

149 

10*938870 

10-002859 

8 

2 

9-997141 

44 

26 

30 

IS 

9*058820 

9 

165 

10*941180 

9*061685 

9 167 

10*938315 

10-002866 

9 

2 

9 ' 997 i 54 

4*2 

30 

33 

20 

9*059367 

10 183 

10*940633 

9*062240 

10 

186 

10-937760 

10*002873 

10 

2 

9-997127 

40 

25 

30 

22 

9*059914 

1 

18 

10*940086 

9*062795 

1 

18 

10*937205 

10*002880 

11 

3 

9-997120 

38 

30 

30 

•2^1 

9*060460 

2 

36 

10*939540 

9*063348 

2 

37 

10*936652 

10*002888 

12 

3 

9-997112 

30 

24 

30 

20 

9*c6icc6 

3 

54 

10*938994 

9*063901 

3 

55 

10*936099 

10*002895 

13 

3 

9*997105 

34 

30 

37 

28 

9*061551 

4 

73 

10*938449 

9*064453 

4 

73 

10*935547 

10*002902 

14 

4 

9-997098 

32 

23 

30 

30 

9*062095 

5 

91 

10*937905 

9*065005 

5 

92 

* 0*934995 

10*002910 

15 

4 

9-997090 

30 

30 

30 

32 

9*062639 

6 

1C9 

10*937361 

9*065556 

6 

1 10 

* 0*934444 

10*002917 

16 

4 

9-997083 

28 

22 

30 

31 

9*063181 

7 127 

10*936819 

9*o66ic6 

7 

129 

10*933894 

10*002924 

17 

4 

9*997076 

20 

30 

30 

30 

9*063724 

8 

145 

10-936276 

9*c666i;<; 

8 

147 

* 0*933345 

10*002932 

18 

4 

9-997068 

24 

21 

30 

3 « 

9*064265 

9 

163 

10*935735 

9*067204 

9 165 

*0*932796 

10-C02939 

19 

4 

9*997061 

2-2 

30 

40 

40 

9*064806 

10 

181 

ic-935594 

9-067752 

10 

184- 

10*932248 

10*002947 

20 

5 

9*997053 

20 

20 

30 

42 

9*065346 

1 

j8 

10-934654 

9*068300 

1 

18 

10*931700 

10*002954 

21 

5 

9-997046 

18 

30 

41 

44 

9*065885 

2 

36 

10*934115 

9-068846 

2 

36 

10*931154 

10*002961 

22 

5 

9*997039 

10 

19 

30 

40 

9*066424 

3 

54 

10-933576 

9-069393 

3 

54 

10*930607 

10-002969 

23 

6 

9*997031 

14 

30 

42 

48 

9-066962 

4 

72 

10*933038 

9-069938 

4 

73 

10*930062 

10*002976 

24 

6 

9-997024 

12 

IH 

30 

50 

9*067499 

5 

90 

10*932501 

9 - 0704 «S '3 

6 

9 ^ 

10*929517 

10-002984 

25 

6 

9-997016 

10 

30 

43 

52 

9*068036 

6 

107 

10*931964 

9*071027 

6 

109 

10*928973 

10*002991 

26 

7 

9*997009 

8 

17 

30 

51 

9-068572 

7 

125 

10*931428 

9*071570 

7 127 

10*928430 

10*002998 

27 

7 

9*997002 

C 

30 

44 

SO 

9*069107 

8 

143 

10*930893 

9*072113 

« 

*45 

10-927887 

10*003006 

28 

7 

9*996994 

4 

10 

30 

Ss 

9*069642 

9 

161 

*0*930358 

9*072655 

9 163 

10*927345 

10*003013 

29 

7 

9*996987 

•2 

30 

45 

27 

9*070176 

10 

179 

10*929824 

9*073197 

10 181 

10*926803 

10*003021 

30 

7 

9*996979 

33 

Id 

30 

2 

9-070709 

1 

18 

10*929291 

9*073738 

1 

18 

10*926262 

10*003028 

1 

0 

9-996972 

58 

30 

40 

4 

t)- 071242 . 

2 

35 

10*928758 

9*074278 

2 

36 

10*925722 

10*003036 

2 

1 

9-996964 

50 

14 

30 

0 

9*071774.1 

3 

53 

10*928226 

9*074817 

3 

54 

10*925183 

10*003043 

3 

j 

9*996957 

54 

30 

47 

8 

Q*072306f 4 

71 

10*927694 

9075356 

4 

72 

10*924644 

10*00305 1 

4 

1 

9-996949 

5-2 

13 

30 

10 

9*072836 

5 

88 

10*927164 

9*075895 

5 

90 

10*924105 

10*003058 

5 

I 

9-996942 

50 

30 

48 

12 

9-073366 

6 106 

10-926634 

9*076432 

6 

107 

10*9.23568 

10*003066 

6 

2 

9-996934 

4 H 

12 

30 

14 

9*073896 

7 

124 

10*926104 

9*076969 

7 

125 

10-92303 1 

10*003073 

1 7 

2 

9*996927 

4(i 

3U 

40 

10 

9*074424 

8 

141 

10*925576 

9*077505 

8 

14^ 

10-922495 

10*003081 

8 

2 

9*996919 

14 

11 

30 

18 

9*074952 

9 159 

10*925047 

9-078041 

9 

161 

10-921959 

10*003089 

9 

2 

9*996911 

4-2 

30 

50 

20 

9*07 54^^0 

10 

177 

10*924520 

9^078576 

in 

179 

10*021424 

10*003096 

10 

3 

9-996904 

40 

10 

30 

22 

9*076007 

1 

17 

10*923993 

9*0791 10 

1 

18 

10*920890 

10*003 104 

11 

3 

9-996896 

58 

30 

51 

24 

9-076533 

2 

35 

10-923467 

9-079644 

2 

35 

10*920356 

10*003 * ^ * 

12 

3 

9-996889 

;io 

9 

3 i. 

20 

9-077058 

3 

5 ^ 

10*922942 

9-080177 

3 

S 5 

10*919823 

10*003119 

13 

3 

9*996881 

34 

30 

5J 

28 

9*077583 

4 

70 

10*922417 

9-0807 ro 

4 

7 1 

10*919290 

10-005126 

14 

4 

9 - 9968'’4 

3-2 

H 

30 

30 

9-078107 

5 

87 

10*921893 

9*081241 

5 

89 

10*918759 

10*003134 

15 

4 !9*996866 

30 

30 

53 

32 

9*078631 

6 

105 

10*921369 

9*081773 

6 

106 

10*9 18227 

10-003142 

16 

4 

9*996858 

•zs 

7 

30 

34 

9-079154 

7 

122 

10*920846 

9*082503 

7 

124 

10*917697 

10*003149 

17 

4 

9*996851 

•20 

3 u 

54 

30 

9*079676 

8 

140 

10*920324 

9*082833 

8 

142 

10*917167 

10*003157 

18 

5 

9*996^843 

•24 

a 

30 

38 

9*080198 

9 

*57 

10*919802 

9-083362 

9 

160 

10*916638 

10*003165 

19 

5 

9-996835 

-2-2 

30 

56 

40 

9*080719 

10 

*75 

10*919281 

9*083891 

10 

177 

10*916109 

10*003172 

20 

5 

9-996828 

-20 

5 

30 

42 

9:081239 

1 

*7 

10*918761 

9-084419 

1 

18 

10*915581 

10^003180 

21 

5 

9*996820 

18 

30 

66 

44 

9-081759 

2 

34 

10-918241 

9*084947 

2 

35 

10*915053 

10*003 t88 

22 

6 

9*996812 

10 

4 

30 

46 

9*082278 

3 

5 ^ 

io* 9 i 772-2 

9*085473 

3 

53 

10*914527 

10*00319.5 

23 

6 

9*996805 

14 

.’10 

57 

48 

9*082797 

4 

69 

10*917203 

9*086000 

4 

70 

10*914000 

10*003203 

24 

6 

9-906797 

12 

3 

30 

50 

9*083314 

5 

86 

10*916685 

9-086525 

5 

88 

10*913475 

10*00321 1 

25 

6 

9*996789 

in 

30 

58 

52 

9*083832 

6 

103 

10*916168 

9*087050 

6 

105 

10*912950 

10*003218 

26 

7 

9-996782 

8 

2 

30 

54 

9-084348 

7 121 

10*915652 

9*087574 

7 

123 

10*912426 

10*003226 

27 

7 

9-996774 

0 

30 

69 

56 

9*084864 

8 

*38' 

*0*915136 

9*088098 

8 

140 

10*91 1902 

10*003234 

28 

7 

9-996766 

4 

1 

30 

5S 

9*085380 

9 155 

10*914620 

9*088621 

9 158 

10-911379 

10-003242 

29 

7 

9-996758 

‘2 

30 

60 

28 

9*085894 

10 

172 i 

10*914106 

9*089144 

10 

*7.5 

10*910856 

10-003249 

30 

8 

9-996751 

0 

0 
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TABLE 68 


LOG. SINES, COSINES, &c. 


Oh 28m 7‘^ 


/ // 

m. 

B. 

Sine 

Parts 

Cosee. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

f // 

0 

0 

9*0^5894 


10*914106 

9*089144 


10*910856 

10*003249 



9*996751 

3 Z 

GO 

30 

2 

9*086409 

1'' 17 

10*913591 

9*089666 

1'' 17 

10*910334 

10*003257 

1" 

0 

9*996743 

58 

30 

1 

4 

q’o86922 

2 34 

10*913078 

9*090187 

2 35 

10*909813 

10*003265 

2 

1 

9*996735 

56 

59 

30 

0 

9-087435 

3 51 

io*gi2<;6s 

9*090708 

3 52 

10*909292 

10-003273 

3 

1 

9*996727 

54 

30 

2 

8 

9*087947 

4 68 

10*0120^*1 

9*091228 

4 69 

10*908772 

10*003280 

4 

1 

9*996720 

5*2 

58 

30 

10 

9*088459 

5 85 

10*911541 

9*091747 

5 8^ 

10*908253 

10-003288 

5 

I 

9*996712 

50 

30 

3 

12 

9*088970 

6 102 

io*gi 1030 

9*092266 

6 104 

10*907734 

10*003296 

6 

2 

9*996704 

48 

57 

30 

14 

9*089480 

7 119 

io*9io<;2o 

9*092784 

7 lai 

10*907216 

10*003304 

7 

2 

9*996696 

40 

30 

4 

16 

Q’oSqgqO 

8 136 

10*910010 

9*093302 

8 138 

10*906698 

10-003312 

8 

2 

9*996688 

44 

56 

30 

18 

9*090500 

9 *53 

10*909500 

9*093819 

9 156 

10-906181 

10-003320 

9 

2 

9*996681 

4*2 

30 

5 

SO 

9*091008 

10 170 

10*908992 

9-094336 

10 173 

10*905664 

10*003327 

10 

3 

9*996673 

40 

55 

30 

22 

q*ooisi6 

1 17 

TO 908484 

9*094851 

1 17 

10*905 149 

10*003335 

11 

3 

9*996665 

38 

30 

6 

24 

0 *og 2 O 24 

2 34 

10*007076 

9-095367 

2 34 

10*904633 

10-003343 

12 

3 

9*996657 

36 

54 

30 

26 

9*092530 

3 ^0 

10*907470 

9*095881 

3 51 

10*9041 19 

10*003351 

13 

3 

9*996649 

34 

30 

7 

28 

9-093037 

4 67 

10*906963 

9*096395 

4 68 

10*903605 

10*003359 

14 

4 

9*996641 

3*2 

58 

30 

30 

9*093542 

5 84 

10*906458 

9*096909 

5 86 

10-903091 

10*003367 

15 

4 

9*996633 

30 

30 

8 

32 

9*094047 

6 loi 

10*905953 

9*097422 

6 103 

10-902578 

10*003375 

16 

4 

9*996625 

•28 

52 

30 

34 

9*094552 

7 118 

10*005448 

9*097934 

7 120 

10-902066 

10*003383 

17 

4 

9*996618 

20 

30 

9 

36 

9*095056 

8 135 

10-904944 

9*098446 

8 137 

10*901554 

10*003390 

18 

5 

9*996610 

‘24 

51 

30 

38 

9*095559 

9 151 

10*904441 

9*098957 

9 ^54 

10*901043 

10*003398 

19 

5 

9*996602 

‘2*2 

31) 

10 

40 

9*096062 

10 168 

10*903938 

9*099468 

10 171 

10-900532 

10*003406 

20 

5 

9*996594 

20 

50 

30 

42 

9*096564 

1 *7 

10*903436 

9*099978 

1 17 

10-900022 

10-003414 

21 

6 

9*996586 

18 

31) 

11 

44 

9*097065 

2 33 

10*902935 

9*100487 

2 34 

10-899513 

10*003422 

22 

6 

9*996578 

10 

40 

30 

46 

9*097566 

3 50 

10*902434 

9*100996 

3 51 

10*899004 

10*003430 

23 

6 

9*996570 

14 

31) 

12 

48 

9*098066 

4 67 

10*901934 

0*101 504 

4 68 

10*898496 

10*003438 

24 

6 

9*996562 

12 

48 

30 

50 

9*098566 

6 83 

10*901434 

9*102012 

5 85 

10*897988 

10*003446 

25 

7 

9*996554 

10 

30 

13 

52 

9*099065 

6 100 

10*900935 

9*102519 

6 loi 

10*897481 

10*003454 

26 

7 

9*996546 

8 

47 

30 

54 

9*099564 

7 116 

10*000436 

9*103026 

7 118 

10*896974 

10*003462 

27 

7 

9*996538 

0 

30 

14 

50 

9*100062 

8 133 

io* 8 ooo 3 j 5 

9*103532 

8 135 

10*896468 

10*003470 

28 

7 

9*996530 

4 

46 

30 

58 

9*100559 

9 150 

10*899441 

9*104037 

9 152 

10*895963 

10*003478 

29 

8 

9-996522 

2 

30 

15 

29 

9*101056 

10 166 

10*898944 

9*104542 

10 169 

10*895458 

10*003486 

30 

8 

9*996514 

31 

45 

30 

2 

9*101552 

1 16 

10*898448 

9*105046 

1 17 

10*894954 

10*003494 

1 

0 

9*996506 

58 

30 

16 

4 

9*102048 

2 33 

10*897952 

9*105550 

2 33 

10*894450 

10*003502 

2 

1 1 

9*996498 

56 

44 

3 » 

6 

9*102543 

3 49 

10*897457 

9*106053 

3 50 

10*893947 

10*003510 

3 

I j 

9*996490 

54 

30 

17 

8 

9*103037 

4 66 

10*896963 

9* 106556 

4 67 

10*893444 

10*003 518 

4 

1 

9*996482 

52 

43 

30 

10 

9*103531 

5 82 

10*896469 

9*107058 

5 84 

10*892942 

10*003527 

5 

1 

9*996474 

50 

30 

18 

12 

9*104025 

6 99 

10*895975 

9*107559 

6 100 

10*892441 

10*003535 

6 

2 

9*996465 

48 

42 

30 

14 

9*104517 

7 115 

10*895483 

9* 108060 

7 117 

10*891940 

10*003543 

7 

2 

9*996457 

46 

30 

19 

16 

9*105010 

8 132 

10*894990 

9*108560 

8 134 

10*891440 

10*003551 

8 

2 

9*996449 

44 

41 

30 

18 

9*105501 

9 148 

10*894499 

9* 109060 

9 150 

10*890940 

10*003559 

9 

2 

9-996441 

42 

30 

20 

20 

9*105992 

10 165 

10*894008 

9*109559 

10 167 

10*890441 

10*003,567 

10 

3 

9-996433 

40 

40 

30 

22 

9*106483 

1 16 

10*893517 

9*110058 

1 17 

10*889942 

10*003575 

11 

3 

9*996425 

38 

30 

21 

24 

9*106973 

2 33 

10*893027 

9*110556 

2 33 

10*889444 

10*003583 

12 

3 

9*996417 

36 

30 

30 

26 

9*107462 

3 49 

10*892538 

9*111054 

3 50 

10*888946 

10*003591 

13 

4 

9*996409 

34 

30 

22 

28 

9*107951 

4 65 

10*892049 

9*111551 

4 66 

10*888449 

10*003600 

14 

4 

9*996400 

32 

38 

30 

30 

9*108439 

5 81 

10*891561 

9*112047 

5 83 

,10-887953 

10*003608 

15 

4 

9*996392 

30 

30 

23 

32 

9*108927 

6 98 

10*891073 

9*112543 

6 99 

10-887457 

10*003616 

16 

4 

9*996384 

28 

37 

30 

34 

9*109414 

7 1 14 

10*890586 

9*113039 

7 116 

10-886961 

10*003624 

17 

5 

9*996376 

26 

30 

24 

36 

9*109901 

8 130 

10*890099 

9*113533 

8 132 

10*886467 

10*003632 

IS 

S| 

9*996368 

24 

36 

30 

38 

'9*110387 

9 146 

10*889613 

9*1 14028 

9 149 

10*885972 

10*003641 

19 

s! 

9*996359 

*22 

30 

25 

40 

9*110873 

10 163 

10*889127 

9*114521 

10 165 

10-885479 

10*003649 

20 

5 

9*996351 

20 

35 

30 

42 

9*111358 

1 16 

10*888642 

9*115015 

1 16 

10-884985 

10*003657 

21 

6 

9*996343 

18 

30 

|26 

44 

9*111842 

2 32 

10*888158 

9*115507 

2 33 

10-884493 

10*003665 

22 

6 

9*996335 

16 

34 

1 30 

40 

9*112326 

3 48 

10*887674 

9*115999 

3 49 

10-884001 

10*003674 

23 

6 

9-996327 

14 

30 

27 

48 

9*112809 

4 64 

10*887191 

9*116491 

4 65 

10*883509 

10*003682 

24 

7 

9*996318 

1*2 

33 

30 

50 

9*113292 

5 80 

10*886708 

9*116982 

5 82 

10-883018 

10*003690 1 

25 

7 

9*996310 

10 

30 

28 

52 

9 ’ii 3774 

6 96 

10*886226 

9*117472 

6 98 

10*882528 

10*003698 

26 

7 

9-996302 

8 

32 

30 

54 

9*1 14^56 

7 iiz 

10*885744 

9*1 17962 

7 114 

10*882038 

10*003707 

27 

7 

9-996293 

6 

30 

29 

56 

9*114737 

8 129 

10*885263 

9*118452 

8 131 

10*881548 

10*003715 

28 

8 

9*996285 

4 

31 

30 

58 

9*115218 

9 145 

10*884782 

9*118941 

9 147 

10*881059 

10*003723 

29 

8 

9*996277 

2 

30 

30 

30 

9*115698 

10 ] 6 i 

10*884302 

9*119429 

10 163 

10*880571 

10*003731 

30 

8 

9*996269 

0 

30 

/ ft 

m. 

Cosine 

Parts 

Secant 

Cotaiig. 

Parts 

Tangent 

Cosec. 

1 Parts 

Sine 

m. 

> // 


82 ^ 5 ^ 30 '” 




TABLE 68 
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LOG. SINES, COSINES, &c. 


Qh 30"' 7® 


f n 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/ // 

30 

0 

9*115698 



10-884302 

9-119429 



10-880571 

lO'OO'lT'lI 



9*996269 

30 

30 

31 ) 

•2 

9-116177 

1' 

16 

10*883823 

9*119917 

1' 

16 

10*880083 

10*003740 

1' 

0 

9*996260 

58 

30 

31 

4 

9-116656 

2 

3 ^ 

10*883344 

9*120404 

2 

32 

10*879596 

10*003748 

2 

I 

9*996252 

56 

20 

30 

6 

9-117135 

3 

48 

10*882865 

9-120891 

3 

49 

10*879109 

10*003756 

3 

1 

9*996244 

54 

30 

32 

U 

9-117613 

4 

64 

10*882387 

9-121377 

4 

65 

10*878623 

10*003765 

4 

I 

9-996235 

5*2 

2» 

30 

10 

9-118090 

5 

80 

10*881910 

9*121863 

5 

81 

10*878137 

10-003773 

5 

1 

9*996227 

50 

30 

33 

1‘2 

0*118567 

6 

95 

10*881433 

9-122348* 

6 

97 

10*877652 

10-003781 

6 

7. 

9*996219 

48 

27 

30 

14 

9-119043 

7 

III 

10*880957 

9*122833 

7 

113 

10*877167 

10*003790 

7 

2 

9*996210 

46 

30 

34 

10 

9-119519 

8 

127 

10*88048 1 

9-123317 

8 

129 

10*876683 

10*003798 

8 

2 

9*996202 

44 

20 

30 

18 

9-119994 

9 

143 

10*880006 

9*123801 

9 146 

10*876199 

10-003807 

9 

3 

9*996193 

4 -i 

30 

35 

20 

9-120469 

10 

159 

10*879531 

9*124284 

10 

162 

10*875716 

10*003815 

10 

3 

9*996185 

40 

2r» 

30 

22 

9-120943 

1 

16 

10-879057 

9* 124766 

1 

16 

10*875234 

10*003823 

11 

3 

9*996177 

38 

3 « 

3 G 

24 

9-121417 

2 

31 

10-878583 

9*125249 

2 

32 

10*874751 

10*003832 

12 

3 

9*996168 

36 

24 

30 

26 

9*121890 

3 

47 

10-878110 

9*125730 

3 

48 

10*874270 

10*003840 

13 

4 

9*996160 

31 

30 

37 

28 

9*122362 

4 

63 

10*877638 

9*12621 1 

4 

64 

10*873789 

10*003849 

14 

4 

9*996151 

3*2 

23 

30 

30 

9-122835 

5 

79 

10*877165 

9* 126692 

5 

80 

10*873308 

10*003857 

15 

4 

9*996143 

30 

30 

38 

32 

9*124406 

6 

94 

10*876694 

9*127172 

6 

96 

10*872828 

10*003866 

16 

5 

9-996134 

•28 

22 

30 

34 

9*123777 

7 

110 

10*876223 

9*12765 1 

7 

1 12 

10*872349 

10*003874 

17 

5 

9*996126 

•26 

30 

39 

30 

9-124248 

8 126 

10*875752 

9*128130 

8 

128 

10-871870 

10*003883 

18 

5 

9-996117 

‘24 

21 

30 

38 

9-124718 

9 141 

10*875282 

9*128609 

9 

144 

10*871391 

10*003891 

19 

5 

9*996109 

2*2 

30 

40 

40 

9-125187 

10 

157 

10*8748 13 

9*129087 

10 

160 

10*870913 

10-003900 

20 

6 

9*996100 

-20 

20 

30 

42 

9-125656 

1 

16 

10*874344 

9*129564 

1 

16 

10*870436 

10*003908 

21 

6 

9*996092 

18 

30 

4! 

44 

9-126125 

2 

31 

10*873875 

9*130041 

2 

32 

10*869959 

10-003917 

22 

6 

9*996083 

16 

10 

30 

40 

9*126593 

3 

47 

10*873407 

9-1305 r8 

3 

47 

10*869482 

IO-CO3025 

23 

7 

9*996075 

14 

30 

42 

48 

9*127060 

4 

62 

10*872940 

9-130994 

4 

63 

10*869006 

10 -C 03934 

24 

7 

9*996066 

1-2 

18 

30 

50 

9-127527 

5 

78 

10*872473 

9*131469 

5 

79 

10*86853 1 

10*003942 

25 

7 

9*996058 

to 

30 

43 

52 

9-127993 

6 

93 

10*872007 

9*131944 

6 

95 

10*868056 

10*003951 

26 

7 

9-996049 

8 

17 

30 

54 

9*128459 

7 109 

10*871541 

9*132419 

7 

III 

10*867581 

10*003959 

27 

8 

9*996041 

6 

30 

44 

50 

9*128925 

8 

124 

10*871075 

9*132893 

8 

127 

10*867107 

10*003968 

28 

8 

9*996032 

4 

18 

30 

58 

9-129390 

9 

140 

10*870610 

9*133366 

9 142 

10*866634 

10*003977 

29 

8 

9*996023 

•2 

.30 

45 

31 

9-129854 

10 

155 

10*870146 

9 ‘* 33*39 

10 158 

io*866i6i 

10*003985 

30 

8 

9*996015 

29 


30 

2 

9-130318 

1 

15 

10*869682 

9 ‘i 343 »^ 

1 

16 

10*865688 

10*003994 

1 

0 

9*996006 

5H 

30 

40 

4 

9*130781 

2 

31 

10*869219 

9*134784 

9 

31 

10*865216 

10*004002 

2 

1 

9*995998 

56 

14 

30 

0 

9*131244 

3 

46 

10*868756 

9*135^55 

3 

47 

10*864745 

10*004011 

3 

I 

9*995989 

.'54 

30 

47 

8 

9-131706 

4 

62 

10*868294 

9*135726 

4 

63 

10-864274 

10*004020 

4 

1 

9*995980 

r»-2 

13 

30 

10 

9-132168 

5 

77 

10*867832 

9*136197 

5 

78 

10*863803 

10*004028 

5 

I 

9*995972 

50 

30 

48 

12 

9*132630 

6 

92 

10*867370 

9*136^ 67 

6 

94 

10*863333 

10*004037 

6 

2 

9*995963 

48 

12 

30 

14 

9-133091 

7 108 

10*866909 

9*137136 

7 

110 

10*862864 

10*004046 

7 

2 

9*995954 

46 

30 

49 

10 

9*133551 

8 

123 

10*866449 

9*137605 

R 

125 

10-862395 

10*004054 

8 

2 

9*995946 

44 

11 

30 

18 

9*134011 

9 

139 

10*865989 

9*138074 

9 

141 

10*861926 

10*004063 

9 

3 

9*995937 

4-2 

30 

50 

20 

9*134470 

10 

154 

10*865530 

9*^854^ 

10 

157 

10*861458 

10*004071 

10 

3 

9*995928 

40 

U) 

30 

22 

9*134929 

1 

15 

10*865071 

9*139009 

1 

16 

110*860991 

10*004080! 

11 

3 

9*995920 

3 H 

.30 

51 

•24 

9*135387 

2 

30 

10*864613 

9*139476 

2 

31 

10*860524 

10*004089 

12 

3 

9*9959 >> 

36 

0 

30 1 

•20 

9*135845 

3 

46 

10*864155 

9 ’i 39943 

3 

47 

10*860057 

10*004098 

13 

4 

9*995902 

311 

30 

52 

•28 

9*136303 

4 

61 

10*863697 

9*140409 

4 

62 

110*859591 

10*004106 

14 

4 

9*995894 

3-2 

8 

30 

30 

9*136760 

5 

76 

10*863240 

9*140875 

5 

78 

10*859125 

10*0041 15 

15 

4 

9*995885 

30 

3 «< 

53 

32 

9*137216 

6 

91 

10*862784 

9*141340 

6 

93 

10*858660 

10*004124 

16 

5 

9*995876 

•28 

7 

30 

34 

9*137672 

7 106 

10*862328 

9* 141X05 

7 

109 

10*858195 

10*004133 

17 

5 

9*995867 

■26 

30 

64 

36 

9*138128 

8 

122 

10*861872 

9* 142269 

8 

124 

10*857731 

10*004141 

18 

5 

9*995859 

•24 

fi 

30 

38 

9*138582 

9 

137 

10-861418 

9-142733 

9 

140 

10*857267 

10*004150 

19 

6 

9*995850 

-2-2 

30 

55 

40 

9*139037 

10 

152 

10-860963 

9-143196 

10 

>55 

10*856804 

10*004159 

20 

6 

9-995841 

•20 

5 

30 

42 

9*139491 

1 

15 

10-860509 

9 'I 43659 

1 

>5 

10*856341 

10*004168 

21 

6 

9*995832 

18 

30 

50 

44 

9*139944 

2 

30 

10-860056 

9*144121 

2 

31 

10-855879 

1(5*004177 

22 

6 

9*995823 

• 16 

4 

30 

46 

9*140398 

3 

45 

10*859602 

9*144583 

3 

46 

10-855417 

10*004185 

23 

7 

9*995815 

14 

30 

67 , 

48 

9 -I 4 jo 850 

4 

60 

10*859150 

9* 145044 

4 

61 

10-854956 

10*004194 

24 

7 

9*995806 

1*2 

3 

30 

50 

9-141302 

5 

75 

10*858698 

9*145505 

5 

77 

>0*854495 

10*004203 

25 

7 

9*995797 

10 

30 

58 

52 

9*141754 

6 

90 

10-858246 

9*145966 

6 

92 

10*854034 

10*004212 

26 

8 

9-995788 

8 

2 

30 

54 

9-142205 

7 105 

10-857795 

9-146425 

7 

108 

>0*853575 

10*004221 

27 

8 

9*995779 

6 

30 

59 

SO 

9-142655 

8 

121 

10-857345 

9*146885 

8 

123 

10*8531)5 

10*004229 

28 

8 

9*995771 

4 

1 

30 

58 

9*143106 

9 136 

10*856894 

9 *H 7344 

9 138 

10*852656 

10*004238 

29 

8 

9*995762 

•2 

30 

60 

3a 

9*143555 

10 

151 

10-856445 

9*147803 1 

10 

>54 

10*852197 

10*004247 

30 

9 

9*995753 

0 * 

0 

' // 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

It. 

/ // 


82 ^ 28 "' 
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TABLE (38 


2 8 9* 

30 10 9* 

3 12 9 * 

30 14 9* 


6 20 9 * 

30 22 9* 

6 24 9* 


30 30 9* 

8 32 9* 

30 34 9* 

9 30 9* 

30 38 9* 

10 40 9^ 

30 42 9‘ 

11 44 9* 

30 40 9* 

12 48 9* 

30 50 9* 

13 52 9- 

30 54 9* 

14 56 9* 

30 58 9* 

15 33 91 

30 2 9* 

16 4 9* 

30 0 9* 


18 12 9* 

30 14 9* 

19 16 9* 

30 18 9* 

20 20 9 * 


'43555 

[44005 11$ 
'44453 2 30 
[44902 3 45 
'45349 4 59 
'45797 6 74 
[46243 6 89 
[46690 7 104 
[47136 8 I 19 
[47581 9 134 
[48026 10 149 


[48471 1 15 

[48915 2 29 
[49358 3 44 
[49802 4 59 
[50244 5 74 
[50686 6 88 
151128 7 103 
[51569 8 118 
[52010 9 133 
[52451 10 147 


[52891 1 15 
[53330 2 29 
'53769 3 44 
[54208 4 58 
[54646 5 73 
'55083 6 87 
[55521 7 102 
[55957 8 117 
[56394 9 131 
156830 10 146 


[57265 1 14 

157700 2 29 
[58135 3 43 
[58569 4 58 

[59002 5 72 

'59435 6 87 
[59868 7 loi 
[60301 8 115 
[60732 9 130 
161164 10 144 


30 50 9* 

28 52 9* 

30 54 9* 

29 56 9* 

30 58 9- 

30 3ft 9* 


•2*2 

9*161595 

l 

'4 

‘21 

9*162025 

2 

29 

2(i 

9*162456 

3 

43 

28 

9*162885 

4 

57 

30 

9*163315 

5 

7 ' 

32 

9*163743 

6 

86 

34 

9*164172 

7 

100 

36 

9*164600 

8 

"4 

38 

9*'65027 

9 

128 

40 

9*165454 

10 

'43 

42 

9*165881 

~T 

14 

44 

9*166307 

12 

28 


167159 .4 57 
167584 5 71 
168008 6 85 
1684:^2 7 99 
i68‘856 8 113 
169279 9 127 
169702 10 141 


Cosec. 

10*856445 

'<^*855995 

10*855547 

10*855098 

10*854651 

10*854203 

10*853757 

10*853310 

10*852864 

10*852419 

10*851974 


10*851529 

10*851085 

10*850642 

10*850198 

10*849756 

10*849314 

10*848872 

10*848431 

10*847990 

10*847549 


10*847109 

10*846670 

10*846231 

10*845792 

'0*845354 

10*844917 

10*844479 

10*844043 

10*843606 

10*843170 


10*842735 

10*842300 

10*841865 

10*841431 

10*840998 

10*840565 

10*840132 

10*839699 

10*839268 

10*838836 


10*838405 

10*837975 

10*837544 

10*837115 

10*836685 

10*836257 

10*835828 

10*835400 

10*834973 

10*834546 


10*834119 
10*833693 
10*833267 
10*832841 
10*832416 
10*831992 
10*831568 
10*831 144 
10*830721 
10*830298 


Secant 


Tangent 


9*147803 

9*148261 

9*148718 

0*149175 

9*149632 

9*150088 

9 *' 50544 

9*151000 

9 '' 5'454 
9*151909 
9*152363 : 


9*152816 

9*153269 

9*153722 

9*154174 

9*154626 

9*155077 

9*155528 

9* '55978 

9* 1 56428 

9*156877 ] 

9*157326 

9‘'57775 

9*158223 

9*158671 

9*159118 

9*159565 

9*160011 
9*160457 
9*160902 
9 *' 6 i 347 
9*161792 
9*162236 
9*162680 
9*163123 
9*163566 
9*164008 
9*164450 
9*164892 
9*165333 
9* '65774 
9* 166214 
9* 166654 
9*167093 
9*167532 
9*167971 
9*168409 
9*168847 
9*169284 
9*169721 
9*'70'57 
9*170593 
9*171029 
9 *' 7'464 
9*171899 
9*'72333 
9*172767 
9*173201 
9*'73634 
9*174067 
9*174499 


Cotang. 


Cotang. 


[10*852197 

'0-851739 

10*851282 

10*850825 

10*850368 

10*849912 

10*849456 

10*849000 

10*848546 

10*848091 

10*847637 


10*847184 

10*846731 

10*846278 

10*845826 

10*845374 

10*844923 

10*844472 

10*844022 

10*843572 

10*843123 

10*842674 

10*842225 

10*841777 

10*841329 

10*840882 

10*840435 

10*839989 

10*839543 

10*839098 

10*838653 

10*838208 

10*837764 

'0*837320 

10*836877 

10*836434 

10*835992 

10*835550 

10*835108 

10*834667 

10*834226 

10*833786 

10*833346 

10*832907 

10*832468 

10*832029 

10*831591 

110*831153 

10*830716 

10*830279 

10*829843 

10*829407 

|io*82897I 

10*828536 

110*828101 

10*827667 

10*827233 

10*826799 

10*826366 

10*825933 

10*825501 


Tangent 


10*004345 

10*004354 

10*004363 

10*004372 

10*004381 

10*004390 

10*004400 

10*004409 

10*004418 

10*004427 


10*004436 

10*004445 

10*004454 

10*004463 

10*004472 

10*004481 

10*004490 

10*004499 

10*004509 

10*004518 

10*004527 

10*004536 

10*004545 

10*004554 

10*004564 

'0*004573 

10*004582 

10*004591 

10*004601 

10*004610 

10*004619 

10*004628 

10*004638 

10*004647 

10*004656 

10*004666 

10*004675 

10*004684 

10*004694 

10*004703 

10*004712 

10*004722 

10*004731 

10*004740 

10*004750 

10*004759 

10*004769 

10*004778 

0*004787 

10*004797 


11 3 9* 

12 4 9* 

13 4 9* 

14 4 9* 

15 4 9* 

16 5 9* 

17 5 9- 

18 5 9* 

19 6 9* 

20 6 9* 


21 6 9* 

22 7 9* 

23 7 9* 

24 7 9* 

25 7 9* 

26 8 9* 

27 8 9* 

28 8 9* 

29 9 9* 

30 9 9* 
109* 
219* 
319* 
419* 
5 2 0* 


'995655 

•995646 

995637 

'995628 

•995619 

'995610 

*995601 

' 99559 ' 

■995582 

'995573 


■995564 

‘995555 

•995546 

'995537 

■995528 

' 9955'9 

•995510 

•995501 

‘ 99549 ' 

* 9954 ^^ 

‘995473 

•995464 

'995455 

•995446 

*995436 

•995427 

*995418 

•995409 

•995399 

•995390 

■995381 

• 99537 Z 

*995362 

•995353 

•995344 

•995334 

•9953^5 

•995316 

•995307 

•995^97 

*995288 

*995278 

*995269 

•995260 

*995250 

*995241 

*995232 

1*995222 

•995213 

•995203 


Sine 


28 

60 

68 

30 

66 

69 

64 

30 

62 

5 H 

60 

30 

48 

57 

46 

30 

44 

SO- 

42 

SO 

40 

65 

38 

30 

36 

54 

34 

30 

32 

63 

30 

30 

28 

i 62 

26 

30 

24 

61 

22 

30 

20 

60 

18 

30 

16 

49 

14 

30 

12 

4 » 

10 

30 


5h 26 ™ 
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()!> 34'n no 


f // 

m. 

Sine 

Parts 

Cosec. 

Tan^^ent 

1 Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/ // 

w 

0 

9*169702 


10-830298 

9*174499 



10*825501 

10*004797 


9*995203 

Z6 

31 ) 

30 

2 

9*170121; 

1" 14 

10*829875 

9*174931 

1 

14 

10-825069 

10-004806 

l"o 

1 * 995 » 94 

ZS 

3 (; 

31 

4 

9*170547 

2 28 

10*829453 

9*175362 

2 

29 

10*824638 

10*004816 

2 I 

1*995184 

C(i 

2f> 

30 

a 

9*170968 

3 42 

10*829032 

9*175793 

3 

43 

10*824207 

10-004825 

3 I 

9*995175 

r>-i 

3 U 

32 

8 

9*171389 

4 56 

10*828611 

9*176224 

4 

57 

10*823776 

10*004835 

4 1 

9*995165 

.u 

•2« 

30 

10 

9*171810 

5 70 

10*828190 

9*176654 

5 

72 

10-823346 

10-004844 

5 2 

9*995156 

50 

30 

33 

12 

9*172230 

6 84 

10*827770 

9*177084 

6 

86 

10*822916 

10*004854 

6 2 

9*995146 

48 

27 

30 

14 

9*1726^0 

7 98 

10*8273 50 

9*177513 

7 100 

10*822487 

10*004863 

7 2 

9*995137 

4 (i 

30 

34 

W 

9*173070 

8 II2 

10*826930 

9 * 17794 ^ 

8 

”5 

10*822058 

10*004873 

8 3 

9*995127 

44 

20 

30 

18 

9*173489 

9 126 

10*826511 

9*178371 

9 129 

10*821629 

10*004882 

9 3 

9*995118 

42 

30 

35 

20 

9*173908 

10 140 

10*826092 

9*178799 

10 

143 

10*821201 

10*004892 

10 3 

9*995108 

40 

25 

30 

22 

9 * 1743^6 

1 14 

10*825674 

9*179227 

1 

14 

10*820773 

10-004901 

11 4 

9*995099 

38 

30 

36 

24 

9**74744 

2 28 

10*825256 

9*179655 

2 

28 

10*820345 

10*004911 

12 4 

9*995089 

36 

24 

30 

20 

9175161 

3 41 

10*824839 

9*180082 

3 

43 

10*8199 18 

10*004920 

13 4 

9*995080 

34 

30 

37 

28 

9*175578 

*• 55 

10*824422 

9*180508 

4 

57 

10*819492 

10*004930 

14 4 

9*995070 

32 

23 

30 

30 

9*175995 

5 69 

10*824005 

9*180934 

5 

71 

10*819066 

10-004939 

15 5 

9*995061 

30 

30 

38 

32 

9*17641 1 

6 83 

10*823589 

9*181360 

6 

85 

10*818640 

10*004949 

16 5 

9*995051 

28 

22 

30 

34 

9* 176S27 

7 97 

10*823173 

9*181786 

7 

99 

10*818214 

10*004959 

17 5 

9*995041 

26 

30 

39 

30 

9*177242 

8 1 1 1 

10*822758 

9*1822 1 1 

8 

1 14 

10*817789 

10*004968 

18 6 

9*995032 

24 

21 

30 

38 

9*177657 

9 124 

10*822343 

9*182635 

9 128 

10*817365 

10*004978 

19 6 

9*995022 

22 

30 

40 

40 

9*178072 

10 138 

10*821928 

9*183059 

10 

142 

10*816941 

10*004987 

20 6 

9*995013 

20 

20 

30 

42 

9*178486 

1 14 

10*821514 

9*183483 

1 

14 

10*816517 

10*004997 

21 7 

9*995003 

18 

30 

41 

44 

9* 178900 

2 27 

10*821100 

9* 183907 

2 

28 

10*81609^ 

10*005007 

22 7 

9*994993 

16 

19 

30 

40 

9 ** 793 i 3 

3 41 

10*820687 

9*184330 

3 

42 

10*815670 

10*005016 

23 7 

9*994984 

14 

30 

42 

48 

9*179726 

4 55 

10*820274 

9*184752 

4 

56 

10*815248 

10*005026 

24 8 

9*994974 

12 

18 

30 

50 

9*180139 

5 69 

10*819861 

9*185175 

6 

70 

10*814825 

10*005036 

25 8 

9*994964 

10 

30 

43 

52 

9*180551 

6 82 

10*819449 

9*185597 

6 

84 

10*814403 

10*005045 

26 8 

9*994955 

8 

17 

30 

54 

9*180963 

7 96 

10*819037 

9*186018 

7 

98 

10*813982 

10*005055 

27 9 

9*994945 

6 

30 

44 

56 

9*181374 

8 110 

10*818626 

9*186439 

8 

113 

10*813561 

10*005065 

28 9 

9*994935 

4 

16 

30 

58 

9* 181785 

9 124 

10*818215 

9* 186860 

9 127 

10*813140 

10-005075 

29 9 

9*994925 

2 

30 

45 

35 

9*182196 

10 137 

10*817804 

9*187280 

10 

141 

10*812720 

q 

0* 

0 

Ln 

0 

00 

30 10 

9*994916 

2 S 

15 

3(1 

2 

9*182606 


10*817394 

9*187700 

1 

14 

Ii©*8i23oo 

10-005094 

1 0 

9*994906 

58 

30 

46 

4 

9*183016 

2 ^7 

10*816984 

I 9*i88i2o_ 

2 

28 

10-811880 

10*005 ^*^4 

2 I 

9*994896 

56 

14 

30 

0 

9 *i 8 h 25 

3 41 

10*816575 

9*188539' 

3 

42 

10*811461 

10-005113 

3 1 

9*994887 

54 

30 

47 

8 

9-183834 

4 54 

10-816166 

9-188958 

4 

56 

10*811042 

10*005 1213 

4 I 

9*994877 

52 

13 

30 

10 

9*184243 

5 68 

10-815757 

9*189376 

5 

70 

10*810624 

10*005133 

5 2 

9*994867 

50 

1 30 

48 

12 

9*184651 

6 82 

10-815349 

9*189794 

6 

84 

10*810206 

q 

0’ 

0 

Ln 

6 2 

9*994857 

48 

12 

30 

14 

9*185059 

7 95 

ro-8 14941 

9*190212 

7 

98 

10*809788 

10-005153 

7 2 

9*994847 

16 

30 

49 

10 

9*185466 

8 109 

ro-814534 

9*190629 

8 

1 1 1 

10*809371 

10-005162 

8 3 

9*994838 

44 

11 

30 

18 

9*1858^4 

9 122 

10-814126 

9*191046 

9 


10*808954 

10-005172 

9 3 

9*994828 

42 

30 

50 

20 

9*186280 

10 136 

to-8 I 3720 

9-191462 

10 

139 

10-808538 

IO-CO5I82 

10 3 

9*994818 

40 

10 

30 

22 

9* 1 86686 

i 13 

10-813314 

9- 191878 

1 

14 

IO*8c8I22 

10-C05 *9^ 

11 4 

9*994808 

38 

30 

51 

24 

9*187092 

2 27 

10-812908 

9*192294 

2 

28 

10-807706 

10-005202 

12 4 

9*994798 

36 

9 

30 

20 

9 *i 8 V 498 

3 40 

10-812502 

9*192709 

3 

41 

10-80729 I 

10-0052 1 1 

13 4 

9*994785 

34 

30 

52 

28 

9*187903 

4 54 

10*812097 

9*193124 

4 

55 

10*806876 

10*005221 

14 5 

9*994779 

32 

8 

30 

30 

9*188308 

5 67 

10*811692 

9'^93539 

5 

69 

10-806461 

10*005231 

5 

9*994769 

30 

30 

53 

32 

9*188712 

6 81 

!io* 8 ii 28S 

9*193953 

6 

83 

10*806047 

10*005241 

I16 5 

9*994759 

28 

7 

30 

34 

9*1891 16 

7 94 

10*810884 

9*194367 

7 

97 

10*805633 

10-00525 1 

17 6 

9*994749 

•26 

30 

54 

30 

9*189519 

8 108 

10*810481 

9*194780 

8 

no 

10*805220 

10*005261 

18 6 

9*994739 

-24 

6 

30 

38 

9*189923 

9 121 

10-810077 

9195193 

9 

124 

10*804807 

10*005271 

19 6 

9*994729 

22 

30 

55 

40 

9*190325 

10 135 

10*809675 

9*195606 

10 

138 

10*804394 

10*005280 

20 7 

9 ’ 99472 c 

20 

5 

30 

42 

9*190728 

1 13 

10*809272 

9’ i960 18 

1 

14 

10*803982 

q 

c 

0 

Ln 

\o 

0 

21 7 

9- 9947 10 

18 

3 (‘ 

50 

44 

9*191130 

2 27 

10*808870 

9*196430 

2 

27 

10*803570 

10-005300 

22 7 

9*994700 

16 

4 

30 

40 

9*191532 

3 40 

10*808468 

9*196842 

3 

41 

10*803158 

10*0053 10 

23 8 

9-994690 

14 

30 

57 

48 

9*191933 

4 53 

10*808067 

9*197253 

4 

55 

10*802747 

10*005320 

24 8 

9*994680 

12 

8 

30 

50 

9*^92334 

5 67 

10*807666 

9*197664 

5 

68 

10*802336 

10*005330 

25 8 

9*994670 

10 

30 

58 

52 

9*192734 

6 80 

10*807266 

9*198074 

6 

82 

10*801926 

10*005340 

26 9 

9*994660 

I ** 

2 

30 

54 

9*193134 

7 93 

io‘8o6866 

9-198484 

7 

96 

10*801516 

10*005350 

27 9 

9*994650 


.3; 

59 

50 

9*193534 

8 107 

10*806466 

9*198894 

8 

109 

io'8oiio6 

10*005360 

28 9 

9*994640 

4 

1 

30 

58 

9*193933 

9 120 

10*806067 

9*199304 

9 123 

10*800696 

io*oQ537o 

29 10 ' 

9*994630 

•2 

BO 

60 

36 

9*194332 

10 133 

10*805668 

9*199713 

10 

137 

10*800287 

10*005380 

30 10 < 

9*994620 

0 

'' 

f n 

m. 

•• 

Cosine 

Parts 

Secant 

Cotang. 

Parts 1 

Tangent 

Cosec. 

Parts 

Sine 

m. 

a. 

/ // 


81 “ 


&>• 24 " 
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()^‘ 

36 '" 




9 ° 







/ // 

m 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m 

' ft 

0 

0 

9-194332 


10*805668 

9 ’i 997 i 3 


10*800287 

io*oo538< 


9*994620 

24 

60 

30 

2 

9-19473 

V ' 13 

10*805269 

9*200121 

1 " 13 

10-799879 

io*oo539c 

1" 0 

9*994610 


30 

1 

4 

9-195125 

2 26 

10*804871 

q-200520 

2 27 

10-799471 

10*005400 

2 I 

9-994600 

5 (> 

59 

30 

6 

9 ‘i 955 ^/ 

3 39 

10-804473 

9*200937 

3 40 

10*799063 

10-005410 

3 1 

9-994590 

54 

30 

2 

8 

9 *i 959 ^f 

4 52 

10-804075 

9-201345 

4 54 

10-798655 

10-005420 

4 I 

9-994580 

52 

68 

30 

10 

9-196322 

5 65 

10-803678 

9-201752 

5 67* 

10*798248 

10*005430 

5 2 

9-994570 

50 

30 

3 

12 

9-196715 

6 79 

10*803281 

9-202159 

6 81 

10*797841 

10*005440 

6 2 

9-994560 

48 

57 

30 

14 

9*197115 

7 92 

10*802885 

9-202565 

7 94 

10-797435 

10*005450 

7 2 

9*95^4550 

4 G 

30 

4 

10 

9*197511 

8 105 

10-802489 

9*202971 

8 108 

10*797029 

10*005460 

8 3 

9*994540 

44 

66 

30 

18 

9*197907 

9 118 

10*802093 

9-203377 

9 121 

10-796623 

10*005470 

9 3 

9*994530 

42 

30 

r 

20 

9*198302 

10 131 

10-801698 

9*203782 

10 134 

10-796218 

10-005481 

10 3 

9-994519 

40 

55 

30 

22 

9*198697 

11 144 

10-801303 

9-204188 

11 148 

10-795812 

10*005491 

11 4 

9-994509 

38 

30 

6 

24 

9*199091 

12 157 

10*800909 

9-204592 

12 161 

10*795408 

10-005501 

12 4 

9*994499 

30 

54 

30 

26 

9*199486 

13 170 

10*800514 

9*204996 

13 175 

10*795004 

10-005511 

13 4 

9*994489 

34 

30 

7 

28 

.9-199879 

14 183 

10*800121 

9*205400 

14 188 

10*794600 

10-005521 

14 5 

9*994479 

32 

53 

30 

30 

9-200271 

15 197 

10-799727 

9-205804 

15 201 

10*794196 

10*005531 

15 5 

9*994469 

30 

30 

a 

32 

9-200666 

16 210 

10-799334 

9*206207 

16 215 

* 0*793793 

10-005541 

16 5 

9*994459 

28 

52 

30 

34 

g- 2 oio 50 

17 223 

10*798941 

9*206610 

17 229 

10-793390 

10-005552 

17 6 

9-994448 

26 

30 

9 

36 

9-201451 

18 236 

10-798549 


18 242 

10-792987 

10*005562 

18 6 

9 * 99443 « 

•21 

5 ] 

30 

38 

9-20184? 

19 249 

10-798157 

9-207415 

19 255 

10-792585 

10*005572 

19 6 

9-994428 

•22 

30 

10 

40 

9-202234 

20 262 

10-797766 

9-207817 

20 269 

10*792183 

10*005582 

20 7 

9*994418 

20 

50 

30 

42 

9*202626 

21 275 

10-797374 

9*208218 

21 282 

10*791782 

10-005592 

21 7 

9*994408 

18 

30 

11 

44 

9*203017 

22 288 

10-796983 

9*208619 

22 295 

10*791381 

10*005602 

22 7 

9*994398 

16 

49 

30 

46 

9-203407 

23 301 

10-796593 

9*209020 

23 300 

10*790980 

10*005613 

23 8 

9-994387 


30 

12 

48 

9-203797 

24 315 

10*796203 

9*209420 

24 32“^ 

10*790580 

10*005623 

24 8 

9*994377 

12 

48 

30 

50 

9*204187 

25 328 

10-795813 

9*209820 

25 336 

10*790180 

10-005633 

25 8 

9*994367 

10 

30 

13 

52 

9*204577 

26 341 

10*795423 

9*210220 

26 350 

10-789780 

10-005643 

26 9 

9*994357 

H 

47 

30 

54 

0*204966 

27 354 

10-795034 

9-210619 

27 363 

10-789381 

10-005654 

27 9 

9*994346 

6 

30 

14 

56 

9-205354 

28 367 

10*794646 

9-211018 

28 376 

10*788982 

10*005664 

28 9 

9*994336 

4 

46 ' 

30 

58 

9-205743 

29 380 

10-794257 

9*211417 

29 390 

10*788583 

10*005674 

29 10 

9-994326 

2 

30 

Ifj 

37 

9*206131 

30 393 

10-793869 

9*211815 

30 403 

10*788185 

10*005684 

30 10 

9-994316 

23 

45 

30 

2 

9-206519 


10-793481 

9-212213 

1 *3 

10*787787 

10*005695 

1 0 

V994305 

58 

30 

16 

4 

9*206906 

2 25 

10-793094 

9*212611 

2 26 

10*787389 

10*005705 

2 1 

9 * 994^95 

56 

44 

30 

6 

9-207293 

3 38 

10*792707 

9-213008 

3 39 

10-786992 

10*005715 

3 I 

9-994285 

51 

30 

17 

8 

9-207679 

4 51 

10-792321 

9-213405 

4 52 

10-786595 

10-005726 

4 1 

9-994274 

52 

43 

30 

10 

9208066 

5 64 

10-791934 

9*213802 

5 65 

10-786198 

10*005736 

5 2 

9-994264 

50 

30 

18 

12 

9-208452 

6 76 

10-791548 

9*214198 

6 79 

10*785802 

10*005746 

6 2 

9-994254 

48 

42 

30 

14 

9*208837 

7 89 

10*791163 

9-214594 

7 92 

10-785406 

10-005757 

7 2 

9-994243 

46 

30 

19 

16 

9*209222 

8 102 

10-790778 

9-214989 

S 105 

10-785011 

10*005767 

8 3 

9*994233 

41 

41 

30 

18 

9*209607 

9 115 

10-790393 

9 * 2 » 53 S 5 

9 I18 

10-784615 

10-005777 

9 3 

9-994223 

42 

30 

20 

20 

9*209992 

10 127 

10*790008 

9*215780 

10 131 

10*784220 

10-005788 

10 3 

9*99421^ 

40 

40 

30 

22 

9*210376 

11 140 

10-789624 

9-216174 

11 144 

10-783826 

10-005798 

11 4 

9-994202 

38 

30 

21 

24 

9*210760 

12 153 

10*789240 

9*2165^8 

12 157 

10-783432 

10*005809 

12 4 

9-994191 

36 

30 

30 

26 

9-211143 

13 166 

10-788857 

9*216962 

13 170 

10-783038 

10*005819 

13 4 

9-994181 

34 

30 

22 

28 

9-211526 

14 178 

10*788474 

9-217356 

14 183 

10*782644 

10*005829 

14 5 

9-994171 

32 

38 

30 

30 

9*211909 

15 191 

10-788091 

9-217749 

15 196 

10-782251 

10*005840 

15 5 

9-994160 

30 

30 

23 

32 

9-212291 

16 204 

10-787709 

9-218142 

16 210 

10-781858 

10*005850 

16 5 

9*994150 

*28 

37 

30 

34 

9*212674 

17 217 

10*787326 

9*218534 

17 223 

10*781466 

10*005861 

17 6 

9*994139 

‘26 

30 

24 

36 

9-213055 

18 229 

10-786945 

9*218926 

18 236 

10-781074 

10*005871 

18 6 

9-994129 

21 

36 

30 

.38 

9*213417 

19 242 

10*786563 

9-219318 

19 249 

10*780682 

10*005882 

19 6 

9-994118 

22 

30 

25 

40 

9-213818 

20 255 , 

10-786182 

9*219710 

20 262 

10*780290 

10*005892 

20 7 

9-994108 

20 

35 

30 

42 

9-214198 

21 268 ; 


9*220101 

21 275 

10-779899 

10*005903 

21 7 

7*994097 

18 

30 

26 

44 

9-214579 

22 280 ] 

to* -78 542 1 

9*220492 

22 288 

10-779508 

10*005913 

22 7 

7*994087 

16 

31 

1 30 

46 

9-214959 

23 293 : 

[0*785041 

9*220882 

23 301 

10*779118 

10-005924 

23 8 

7*994076 

14 

30 

27 

48 

9-215338 

24 306 , 

to*'T84662 

9*221272 

24 314 

10*778728 

10*005934 

24 8 

9-994066 

12 

33 

30 

50 

9*215718 

25 319 

10-784282 

9*221662 

25 327 

10-778338 

10*005945 

25 8 

7*994055 

10 

30 

28 

52 

9-216097 

26 331 ; 

10-783903 

9*222052 

26 341 

10-777948 

10-005955 

26 9 

9*994045 

8 

32 

30 

54 

9-216475 

2V 344 ] 

[0*783525 

9*222441 

27 354 

* 0*777559 

10005966 

27 9 

7*994034 

6 

30 

29 

56 

9*216854 

28 357 ] 

[0*783146 

9*222830 

28 367 

10-777170 

10-005976 

28 10 

9-994024 

4 

31 

30 * 

58 

9-217232 

29 370 : 

10*782768 

9*223218 

29 380 

10*776782 

10*005987 

29 10 

7-994013 

2 

30 

'30 : 


9*217609 

30 382 : 

10*782391 

9-223607 

10 393 

10*776393 

10-005997 

30 10 

9*994003 

0 

30 * 

/ // ' 

m. 

Cosine 

Parts 

Secant 

Cotang. 



Cosec. 

Parts 

Sine 

m. 

/ n 


80° 5*' 22"™ 





TABLE ()8 


30 

14 

34 

l(i 

30 

18 

35 

20 



30 

22 

36 

24 

30 

*20 

37 

28 

30 

30 

38 

32 

30 

34 

39 

36 

30 

38 

40 

40 

30 

42 

41 

44 

30 

40 

42 

48 

30 

SO 

43 

52 

30 

54 

44 

50 

30 

68 

43 

39 

30 

2 

46 

4 

30 

0 

47 

s 

30 

10 

48 

12 

30 

14 

49 

16 

30 

18 

50 

20 

30 

22 

51 

24 

30 

26 

52 

‘28 

30 

30 

53 

3*2 

30 

34 

54 

30 

30 

38 

55 

40 


58 


30 

54 


9’2176 o 9 
9’2I7987 1" 12 
9*218363 2 25 
9*218740 3 37 
9*219116 4 50 
9*219492 6 62 
9*219868 6 74 
9*220243 7 87 
9*220618 8 99 
9*220993 9 112 
9*221367 10 124 


9*221741 11 136 
9*222115 12 149 
9*222488 13 161 
9*222861 14 174 
9*22323415 186 
9*223606 16 198 
9*223978 17 2II 
9*224349 18 223 
9*224721 19 236 
9*225092 20 248 
9*22546221 261 
9*225833 22 273 
9*226203 23 286 
9*226573 24 298 
9*22694225 310 
9*227311 26 323 
9*22768027 335 
9*228048 28 348 
9*22841629 360 
9*228784 30 372 


9*229151 I 12 
9*229518 2 24 
9*229885 3 36 
9*230252 4 48 
9*230618 5 60 
9*230984 6 73 
9*231349 7 85 
9*231715 8 97 
9*232079 9 109 
9*232444 10 121 


9*232808 II 133 
9*233172 12 145 
9*23353613 157 
9233899 14 169 
9*234262 15 181 
9*234625 16 193 
9*234987 17 206 
9*235349 18 218 
9*235711 19 230 
9*236073 20 242 
9 23643421 254 
9*236795 22 266 
9*23715523 278 
9*237515 24 290 
9*23787525 302 
9*238235 26 314 
9*23859427 327 
9*23895328 338 
9*239312 29 351 
9*23967030 363 


Cosine Parts 


10*782391 

10*782013 

10*781637 

10*781260 

10*780884 

10*780508 

10*780132 

10*779757 

10*779382 

10*779007 

10*778633 


10*778259 

10*777885 

10*777512 

10*777139 

10*776766 

10*776394 

10*776022 

10*775651 

10*775279 

10*774908 

10*774538 

10*774167 

10*773797 

10*773427 

10*773058 

10*772689 

10*772320 

10*771952 

10*771584 

10*771216 


10*770849 

10*770482 

10*770115 

10*769748 

10769382 

10*769016 

10*768651 

10*768285 

10*767921 

10*767556 


10*767192 

10*766828 

10*766464 

10*766101 

10*765738 

10*765375 

10*765013 

10*764651 

10*764289 

10*763927 

10*763566 

10*763205 

10*762845 

10*762485 

10*762125 

10*761765 

10*761406 

10*761047 

10*760688 

10*760330 


S 


Tangent 

Parts 

Cotang. 

9*22-? 607 


*o ‘776393 

9*223994 

1 " 13 

10*776006 

9*224382 

2 25 

10*775618 

9*224769 

3 38 

10 775^3» 

9*225156 

4 51 

10*774844 

9'225543 

,S 64 

10*774457 

9*225929 

6 77 

10*774071 

9*226315 

7 90 

10*773685 

9*226700 

8 102 

io*773'?oo 

9*227086 

9 115 

10*772914 

9*227471 

10 128 

10*772529 

9*227855 

11 140 

10*772145 

9*228239 

12 153 

10*771761 

9*228623 

13 166 

10*771377 

9*229007 

14 179 

10*770993 

9*229390 

15 192 

10-770610 

9*229773 

16 204 

10*770227 

9*230156 

|17 217 

10*769844 

9*230539 

18 230 

10*769461 

9*230921 

|19 243 

10*769079 

9*231302 

20 255 

10*768698 

9*231684 

21 268 

10*768316 

9*232065 

22 281 

10*767935 

9*232446 

23 294 

10*767554 

9*232826 

24 307 

10*767174 

9*233206 

25 320 

10*766794 

9*233586 

26 332 

10*766414 

9*233966 

27 345 

10*766034 

9‘234345 

28358 

10*765655 

9*234724 

29 371 

10*765276 

9*235103 

30 383 

10*764897 


9*235481 

9*235859 

9*236237 

9*236614 

9*236991 

9*237368 

9*237744 

9*238120 

9*238496 

9*238872 

9*239247 

9*239622 

9*239996 

9*240371 

9*240745 

9*241118 

9*241492 

9*241865 

9*242238 

9*242610 

9*242982 

9 -^43354 
9*243726 
9*244097 
9*244468 
9-244839 
9*245209 
9’a45579 
9'H5949 
9*^463 »9 

Cotang. 


1 

12 

10*764519 

2 

^5 

10*764141 

3 

37 

10*763763 

4 

5 ^ 

10-763386 

5 

62 

10*763009 

6 

75 

10*762632 

7 

87 

10*762256 

8 

100 

10*761880 

9 

112 

10*761504 

10 

125 

10-761128 

11 

137 

10-760753 

12 

150 

10*760378 

13 

162 

10-760004 

14 

175 

10*759629 

15 

187 

10-759255 

16 

0 

0 

ts 

10-758882 

17 

212 

10758508 

18 

224 

10*758135 

19 

237 

10*757762 

20 

249 

10*757390 

21 

261 

10*757018 

22 

274 

10*756646 

23 

286 

10*756274 

24 

299 

10*755903 

25 

311 

10-75553* 

26 

3*3 

10*755161 

27 

336 

10*754791 

28 

348 

10*754421 

29 

361 

10*754051 

30 

374 

10*753681 

Parts 

Tangent 


Secant Parts I Cosine 


10005997 9-99400 

io-oc6oo8 l " o 9*99399 
10*006018 2 1 9*99398 

10-006029 3 * 9*99397 

10*006040 4 1 9*99396( 

10*006050 6 2 9*99395' 

io*oc6o6i 6 2 9*99393' 
10*006072 7 2 9*99392! 

10*006082 8 3 9*99391! 

10*006093 9 3 9*99390 

10*006103 10 4 9*99389 
10*006114 11 4 9*99388 
10*006125 12 4 9*99387 
10*006136 13 5 9*99386, 
10*006146 14 5 9*99385, 
10*006157 15 5 9*99384 
10*006168 16 6 9*99383 
10*006178 17 6 9*99382 
10*006189 ^ 9'993i^i 

10*006200 19 7 9*993801 
10*006211 20 7 9*99378 

10*006221 21 7 9*99377 
10*006232 22 8 9*99376 
10*006243 23 8 9*99375 
10*006254 9 9*99374 

10*006265 25 9 9*99373 
10*006275 26 9 9*99372 
10*006286 27 10 9*99371, 
10*006297 28 10 9*99370 
10*006308 29 10 9*99369 
10*006319 30 11 9*99368 


10*006330 1 o 9*993671 

10*006340 2 I 9*993661 

10*006351 3 1 9*993641 

10*006362 4 I 9*99363! 

10*006373 5 2 9*99362- 

10*006384 6 2 9*9936 i< 

10*006395 7 3 9*99360 

10*006406 8 3 9*99359. 

10*006417 9 3 9*99358 

10*006428 10 4 9*99357: 
10*006439 11 4 9*99356 
10*006450 12 4 9*99355' 
10*006461 13 5 9*99353 
10*006472 14 5 9*99352! 
10*006483 15 6 9*99351 
10*006494 16 6 9*993 50( 
10*006505 17 7 9*99349! 
10*006516 18 7 9*99348^ 
10*006527 19 7 9*99347; 
10*006538 20 7 9*99346; 


10*006549 21 8 9*993451 
10*006560 22 8 9*99344f 
10*006571 23 8 9’99342t 
10*006582 24 9 9*9934ii 
10*006593 25 9 9*99340: 

10*006604 26 9 9*993 39^ 
10*006615 27 10 9*99338* 
10*006626 28 10 9*99337^5 
10*006637 2911 9*99336; 
10*006649 30 1 1 9*99335] 


Cosec. Parts Sme 


■994003 1 
•993992 
•993982 
•993971 
*993960 
*993950 

■993939 

•993928 

•993918 

•993907 

•993897 

*993886 

*993875 

•993864 

*993854 

•993843 

•993832 

*993822 

•993811 

•99380c 

•993789 

‘993779 

*993768 

•993757 

■993746 

*993735 

*993725 

•993714 

■993703 

*993692 

*993681 


1-993670 

*993660 

*993649 

*993638 

•993627 

*993616 

•993605 

■993594 

■993583 

•993572 

•993561 

*993550 

•993539 

*993528 

•993517 

•993506 

■993495 

■993484 

•993473 

*993462 


■993451 

•993440 

•993429 

*993418 

•993407 

•993396 

■993385 

■993374 

■993363 

‘993351 
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TABLE 68 


LOG. SINES, COSINES, &c. 


Qfi 40"' 10^ 


f // 

m 

Sine 

Parts 

Cosec. 

Tanj?ent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

"/ // 

0 

0 

9 ' 23967 c 


10*760330 

9*246319 


10*7536X1 

10*006649 


9*993351 

20 

()(> 

30 

2 

9*240028 

1" 12 

10*759972 

9*246688 

1" 12 

10*753312 

10*006660 

l"o 

9-993340 

58 

30 

1 

4 

9*240'?86 

2 24 

10*759614 

9*247057 

2 24 

10-752943 

10*006671 

2 1 

9-993329 

50 

59 

30 

6 

9-240744 

3 35 

10*759256 

9*247426 

3 36 

10*752574 

10*006682 

3 I 

9-993318 

54 

30 

2 

8 

9-241101 

4 47 

10*758899 

9*247794 

4 49 

10*752206 

10*006693 

4 2 

9-993307 

6-2 

58 

30 

10 

9*241458 

6 59 

10*758542 

9*248162 

5 64 

10*751838 

10*006704 

5 2 

9-993296 

50 

30 

3 

12 

9*241814 

6 71 

10*758186 

9*248530 

6 73 

10*751470 

10*006716 

6 2 

9*993284 


57 

30 

14 

9*242170 

7 83 

10*757830 

9*248897 

7 85 

10*751103 

10*006727 

7 3 

9 * 993^73 

46 

30 

4 

10 

9*242526 

8 94 

10*757474 

9*249264 

8 97 

10*750736 

10*006738 

8 3 

9*993262 

44 

58 

30 

18 

9*242882 

9 106 

10*757118 

9*249631 

9 110 

10*750369 

10*006749 

9 3 

9*993251 

42 

:io 

5 

20 

9*243237 

10 118 

10*756763 

9*249998 

10 122 

10*750002 

10*006760 

10 4 

9-993240 

40 

55 

30 

22 

9*243592 

11 130 

10 756408 

9*250364 

134 

10*749636 

10-006772 

11 4 

9-993228 

38 

30 

a 

21 

9*243947 

12 141 

10*756053 

9*250730 

12 146 

10-749270 

10-006783 

12 5 

9-993217 

30 

54 

30 

20 

9*244302 

13 153 

10*755698 

9*251096 

13 158 

10-748904 

16-006794 

13 5 

9*993206 

31 

30 

7 

28 

9*244656 

14 165 

10*755344 

9*251461 

14 170 

10-748539 

10*006805 

14 5 

9 * 993*95 

32 

58 

30 

30 

9*245010 

15 177 

10*754990 

9*251826 

15 183 

10*748174 

10*006817 

15 6 

9-993183 

30 

30 

8 

32 

9*245363 

16 189 

10*754637 

9*252191 

16 195 

10*747809 

10*006828 

16 6 

9*993172 

•28 

52 

30 

34 

9*245717 

17 200 

10-754283 

9-252556 

17 207 

10-747444 

10-006839 

17 6 

9*993161 

20 

30 

9 

30 

9*246069 

18 212 

10*753931 

9*252920 

18 219 

10*747080 

10-006851 

18 7 

9 * 993*49 

‘24 

51 

30 

38 

9*246422 

19 224 

10*753578 

9*253284 

19 231 

10-746716 

10*006862 

19 7 

9*993138 

22 

30 

10 

40 

9*246775 

20 236 

10*753225 

9*253648 

20 243 

10*746352 

10*006873 

20 8 

9*993127 

20 

50 

30 

42 

9*247127 

21 248 

10-752873 

9*25401 1 

21 256 

10-745989 

10-006885 

21 8 

9*993115 

18 

30 

11 

44 

9-247478 

22 259 

10-752522 

9*254374 

22 268 

10*745626 

10*006896 

22 8 

9*993104 

16 

49 

30 

40 

9*247830 

23 271 

10*752170 

9*^54737 

23 280 

10-745263 

10*006907 

23 9 

9*993093 

14 

30 

12 

48 

9*248181 

24 283 

10*751819 

9*255100 

24 292 

10*744900 

10*006919 

24 9 

9*993081 

12 

48 

30 

50 

9*248532 

25 295 

10*751468 

9*255462 

25 304 

10-744538 

10*006930 

25 9 

9*993070 

10 

30 

13 

52 

9*24888-? 

26 307 

10*751117 

9*255824 

26 316 

10*744176 

10*006941 

26 10 

9*993059 

8 

47 

30 

54 

9*249233 

27 318 

10*750767 

9*256186 

27 329 

10*743814 

10*006953 

27 10 

9*993047 

6 

30 

14 

50 

9*249583 

26 330 

10*750417 

9*256547 

28 341 

10*743453 

10*006964 

28 11 

9-993036 

4 

46 

30 

58 

9*249933 

29 342 

10*750067 

9*256908 

29 353 

10-743092 

10*006976 

29 11 

9*993024 

2 

30 

15 

41 

9*250282 

30 354 

10*749718 

9*257269 

30 365 

10-742731 

10-006987 

30 11 

9*993013 

19 

45 

30 

2 

9*250631 

1 " II 

10*749369 

9*257630 

1 12^ 

10*742370 

10-006998 

1 0 

9*993002 

58 

30 

16 

4 

9*250980 

2 23 

10*749020 

9-257990 

2 24 

10-742010 

10-007010 

2 I 

'9-992990 

50 

44 

30 

0 

9*251329 

3 34 

10*748671 

9*258350 

3 36 

10*741650 

q 

d 

0 

0 

3 I 

9-992979 

54 

30 

t 7 

8 

9*251677 

4 46 

10*748323 

9-258710 

4 48 

10*741290 

10*007033 

4 2 

9-992967 

52 

43 

30 

10 

9*252025 

5 57 

10*747975 

9*259069 

5 59 

10*740931 

10*007044 

5 2 

9-992956 

50 

30 

18 

12 

9*252373 

6 69 

10*747627 

9-259429 

6 71 

10*740571 

10-007056 

6 2 

9*992944 

48 

42 

30 

14 

9*252720 

7 80 

10*747280 

9-259787 

7 83 

10*740213 

10-007067 

7 3 

9 * 99^933 

10 

30 


10 

9*253067 

8 92 

10*746933 

9-260146 

« 95 

10 739854 

10-007079 

8 3 

9*992921 

44 

41 

30 

18 

9*253414 

9 103 

10*746586 

9-260504 

9 107 

10*739496 

10-007090 

9 3 - 

9*992910 

42 

30 

20 

20 

9-253761 

10 115 

10*746239 

9-260863 

10 119 

10-739137 

10*007102 

10 4 

9*992898 

40 

40 

30 

22 

9*254107 

11 126 

10*745893 

9*261220 

11 131 

10-738780 

10-007113 

11 4 

9*992887 

38 

30 

21 

24 

9*254453 

12 138 

io ’745547 

9*261578 

12 143 

10*738422 

10*007125 

12 5 

9*992875 

30 

39 

30 

20 

9*254799 

13 149 

10*745201 

9-261935 

13 155 

10-738065 

10-007136 

13 5 

9*992864 

34 

30 

22 

28 

9*255144 

14 161 

10*744856 

9*262292 

14 167 

10-737708 

10-007148 

14 5 

9*992852 

32 

3 « 

30 

30 

9-255490 

15 172 

10*744510 

9-262649 

15 178 

10 * 73735 * 

10-007159 

15 6 

9*992841 

30 

30 

23 

32 

9*255834 

16 184 

10*744166 

9*263005 

16 190 

10*736995 

10*007171 

16 6 

9*992829. 

28 

37 

30 

34 

9*256179 

17 195 

10*743821 

9-263361 

17 202 

10-736639 

10-007182 

17 6 

9*992818 

26 

30 

24 

30 

9*256523 

18 207 

10*743477 

9-263717 

18 214 

10-736283 

10*007194 

18 7 

9*992806 

24 

36 

30 

38 

9*256867 

19 218 

i< 5 * 743 I 33 

9*264073 

19 226 

10*735927 

10*007206 

19 7 

9*992794 

22 

30 

25 

40 

9*25721 1 

20 230 

10*742789 

9*264428 

20 238 

10-735572 

10*007217 

20 8 

9*992783 

20 

35 

30 

42 

9*257554 

21 241 

10*742446 

9*264783 ! 

21 250 

10*735217 

10*007229 

21 8 

9*992771 

18 

30 

26 

44 

9*257898 

22 253 

10*742102 

9*265138 : 

22 262 

10*734862 

10*007241 

22 8 

9*992759 

10 

34 

30 

40 

9*258241 

23 264 

10*741759 

9*265493 

23 274 

10*734507 

10*007252 

23 9 

9-992748 

14 

.30 

27 

48 

9*258583 

24 276 

10*741417 

9*265847 - 

24 285 

10*734153 

10*007265 

24 9 

9*992736 

12 

.33 

30 

50 

9*258926 

25 287 

10*741074 

9*266201 ! 

25 297 

10*733799 

10*007276 

25 10 

9-992724 

10 

30 

28 

52 

9*259268 

26 299 

10*740732 

9*266.555 - 

26 309 

10*733445 

eo 

0 

p 

b 

26 10 

9*992713 

8 

32 

30 

64 

9259^9 

27 310 

10*740391 

9*266908 ' 

27 321 

10*733092 

10*007299 

27 10 

9*992701 

0 

30 

29 

SO 

9*259951 

28 322 

10*740049 

9*267261 ' 

28 333 

10*732739 

10*007310 

28 11 

9*992690 

4 

31 

30 

58 

9*260292 

29 333 

10*739708 

9*267614 

29 345 

10*732386 

10*007322 

29 IX 

9*992678 

•2 

30 

30 

42 

9*260633 

30 345 

10*7393167 

9-267967 ; 

39 357 

10*732033 

1.0*007334 

30 12 

9*992666 

0 

30 

/ // 

m . 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m . 

'/ // 


7 ^)^^ 5 *‘ 1^"' I 
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30 

10 

33 

12 

30 

14 

34 

16 

30 

18 


30 

22 

36 

24 

30 

26 


40 

40 

30 

42 

11 

.+1 

30 

46 

4*2 

48 

30 

50 


30 

10 

48 

12 

30 

U 

49 

16 

30 

18 


30 

22 

1 

24 

30 

26 


9*260633 
9*260974. 1'' II 
9*261314 2 22 
9*261654 3 34 
9*261994 4 45 
10 9*262334 5 56 
12 9*262673 6 67 
14 9*263012 7 78 
16 9*263351 8 90 
18 9*263689 9 lOI 
9*264027 10 1 12 
22 19*264365 11 123 
24 19*264703 12 135 
•26 19*265040 13 146 
9*265377 14 157 
9*265714 15 168 
9*266051 16 179 
9*266387 17 191 
9*266723 18 202 
9*267059 19 213 


9*269402 26 292 
9*269736 27 303 
9*27006928 315 
9*27040229 326 
9*27073530 337 


9*271067 1 II 
9*271400 2 22 
9*271732 3 33 
9*272064 4 44 
9*272395 5 55 


9*274049 10 no 
•i*2 I 9*274379 11 121 
24 19*274708 12 132 
26 19*275038 13 142 
9*275367 14 153 
30 9*275696 15 164 
32 9*276025 16 175 
34 9*27635317186 
36 9*27668118197 
38 9*277009 19 208 
9*27733720 219 


9*27766421 230 
9*277991 22 241 
9*278318 23 252 
9*278645 24 263 
9*278971 25 274 
9*279297 26 285 
9*279623 27 296 
9*279948 28 307 
9*280274 29 318 
9*28059930 329 


10-739367 
10*739026 
10*738686 
10*738346 
10*738006 
10*737666 
10*737327 
10*736988 
10*7366491 9 
10*736311 1 9 
»o-73S973 | 9 

10*735635 

10*735297 
10*734960 
10*734623 
10*734286 

*0*733949 
10*733613 
10*733277 
10*732941 
10-732605 
10*732270 
10*731935 
10*731601 
10*73 1266 
10*730932 
10*730598 
10*730264 
10-72993 1 
10*729598 
10*729265 
10*738933 
10*728600 
10*728268 
10*727936 
10-727605 
10-727274 
10*72^43 
10*726612 
10*726282 
10*725951 
10-725621 
10*725292 
10*724962 
10*724633 
10*724304 
10*723975 
10*723647 
10*723319 
10*722991 
10*722663 


10*722336 

10*722009 

10*721682 

10*721355 

10*721029 

10*720703 

10*720377 

10*720052 

10*719726 

10*719401 
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TABLE 68 


LOG. SINES, &o. 


0 ^» 44 ^» 

^ Sine Parts Cosec. Tangent Parts Cotang. Secant Parts Cosine 

~(r "IT 9-280599 10-719401 9'28Ji(i52 10*711348 10-008053 ^ 9 ' 99 i 947 

31 ) 2 9-280924 1 '" II 10-719076 9-288989 1 " ri 10-711011 io-oo8o66 l"o 9-991934 

1 4 9*281248 2 21 10-718752 9*289326 2 22 10*710674 10*008078 2 I 9*991922 

31) 0 9*281573 3 33 10*718427 9-289663 3 33 10*710337 10*008090 3 1 9*991910 

2 8 9*281897 4 43 10*718103 9-289999 4 44 10*710001 10*008103 ^ ^ 9*99*897 

30 10 9*282220 6 53 10*717780 9*290335 5 5^ 10*709665 10*008115 5 2 9*991885 

3 1*2 9*282544 6 64 10*717456 9*290671 6 67 10-709329 10-008127 6 9*99*873 

30 14 9*282867 7 75 10*717133 9-291007 7 78 10*708993 10-008140 7 3 9-991860 

4 IG 9-283190 8 86 10-716810 9-791342 8 89 10*708658 10*008152 8 3 9*991848 

30 18 9*283513 9 96 10*716487 9*291678 9 100 10*708322 10*008164 ^ 4 9 * 99 *^ 3 ^ 

I 5 20 9*28383610107 10-716164 9-292013 10 III 10-707 987 10*00817 7 10 4 9*99182 3 

[stT 22 9-284158 11 118 10-71584? 9-292347 11 122 10-707653 10-008189 5 9 * 99 * 5 ^** 

fi 24 9-28448012128 10-715520 9-292682 12133 *0*7073*8 10*008201 12 5 9*991799 

! 30 2 G 9-284802 13 139 10-715198 9-293016 13145 *0-706984 10-008214 5 9*99*786 

7 *28 9*2851241.4 150 10-714876 9*293350 14 156 10*706650 10*008*126 14 6 9*991774 

30 30 9*28544515 160 10*714555 9*293684 15 167 10*706316 10*008239 ^ 9 ‘ 99 * 76 i 

8 32 9*28576616171 10*714234 9*294017 16 17S 10*705983 10-008251 16 7 9*991749 

30 31 9-28608717 182 10-713913 9*294351 17 1S9 10-705649 10-008264 17 7 9 99*736 

9 3 G 9-28640818193 10-713592 9*294684 18 200 10*705316 10*008276 18 7 9*99*724 

30 38 9*28672819203 10-713272 9*295016 19 211 10*704984 10*008288 19 8 9*991712 

10 40 9*28704820214 10-712952 9-295349 20 222 10-704651 10*008301 20 8 9-9 9*69 9 

30 42 9-287368 21 225 10*712632 9-295681 21 233 10*704319 10*008313 21 9 9 991687 

11 44 9*28768822235 10-712312 9-296013 22245 *0*70395^7 10*008326 22 9 9-991674 

30 46 9-28800723246 10-711993 9*296345 23256 10-703655 10*008338 23109-991662 

1*2 4 ^ 9*28832624257 io’7ii674 9*296677 24267 10-703323 10*008351 24109*991649 ; 

30 50 9*28864525267 10*711355 9*297008 25278 10*702992 10*008363 25 10 9*991637 J 

13 52 9*28896426278 10*711036 9*297339 26289 *0*702661 10*008376 261119*991624 

30 54 9*28928227289 10*710718 9*297670 27 300 10*702330 10*008388 2711 9-991612 

14 56 9*28960028300 10*710400 9*298001 28311 10*701999 10*008401 28 12 9 * 99*599 

30 58 9*28991829310 10-710082 9*298332 29322 10*701668 10*008414 2912 9 ‘ 99 * 5 ^^ 

15 <k5 9-290236 30 321 10*709764 9*298662 3 G 334 10*701338 10*00 8426 I 30 12 9 * 99*574 3 

30 *2 9:290553 1 10 10-709447 9*298992 1 11 10-701008 10*008439! 1 o 9*99*5^* >' 


ingent Parts Cotang. Secant 
88652 10-711348 10-008053 

,88989 1" ri 10*711011 10*008066 

89326 2 22 10*710674 10*008078 

89663 3 33 10-710337 10*008090 


8 9*281897 4 43 10*718103 9*289999 4 44 10*710001 10*008103 

10 9*282220 5 53 10*717780 9*290335 5 5^ 10*709665 10*008115 

1*2 9*282544 6 64 10*717456 9*290671 6 67 10-709329 10*008127 

14 9*282867 7 75 10*717133 9*291007 7 78 10*708993 10*008140 

IG 9*283190 8 86 10-716810 9*791342 8 89 10*708658 10*008152 


30 *2 9:290553 1 10 10-709447 9*298992 

16 4 9-290870 2 21 10-709130 9*299322 2 22 10-700678 10*008451 2 I 9*991549 

30 6 9*291187 3 31 10-708813 9*299651 3 33 10-700349 10-008464 3 I 9*991536 

17 8 9*291504 4 42 10-708496 9-299980 4 44 10-700020 10-008476 4 2 9 * 99 * 5^4 

30 10 9-291820 5 52 10-708180 9-300309 5 54 10-699691 10*008489 5 2 9 ' 99 * 5 ** 

18 1*2 9-292137 6 63 10*707863 9-300638 6 65 10*699362 10*008502 6 3 9 * 99 * 49 ^^ 

30 14 9-292453 7 73 10-707547 9-300967 7 76 10-699033 10-008514 7 3 9-991486 

19 1619*292768 8 84 ic-707232| 9*301295 8 87 10*698705 110-008527 8 3 9 ' 99 I 473 | 

30 18 9*293084 9 94 10-706916 9-301624 9 98 10-698376 10-008540 9 4 9*991460 

20 ‘20 9-293399 10 105 10-706601 9*301951 10 109 10*698049 10*008552 10 4 9-991448 

30 2-2 9-29371411 115 10-706286 9-302279 11 120 10-697721 10-008565 11 5 9*991435 

21 24 9*29402912 126 10-705971 9-302607 12 131 10*697393 10*008578 12 5 9'99*4^2, 

30 ‘26 9*29434413 136 10-705656 9*302934 13 142 10-697066 10*008590 13 6 9*991410 

22 ‘28 9*29465814147 10*705342 9-303261 14 153 »'o -696739 10*008603 14 6 9*991397 

30 30 9*29497215 157 10-705028 9*303588 15 163 10-696412 10*008616 15 6 9*991384 

23 3-2 9*29528616168 10-704714 9-303914 16174 10*696086 10*008628 16 7 9*991372 

30 34 9*29560017 178 10*704400 9*304241 17 185 10*695759 10*008641 17 7 9*991359 

24 30 9*29591318188 10*704087 9*304567 18 196 10*695433 10*008654 18 8 9-991346 

Ji) 38 9-29622619199 10-703774 9-304893 19207 10*695107 10*008667 19 8 9*991333 

26 40 9-296539 ‘20 209 10*703461 9*305218 20 218 10*694782 10*008679 20 8 9*991321 

30 42 9*29685221220 10*703148 9-305544 21 229 10-694456 10*008692*21 9 9*991308 

26 44 9*29716422230 10*702836 9*305869 22240 10-694131 10*008705 22 9 9*991295 

30 40 9*29747623241 10*702524 9*306194 2.3251 10*693806 10*008718 23 10 9*991282 

27 48 9*29778824251 10*702212 9*306519 24262 10*693481 10*008730 24 10 9*991270 

30 50 9-29810025262 10*701900 9*306843 25272 10*693157 10*008743 25 II 9 ' 99 i 257 

28 0-2 9*29841226272 10*701588 9*307168 26283 10-692832 10*008756 2611 9*991244 

.30 51 9*29872327283 10*701277 9*307492 27294 10*692508 10*008769 27 II 9*991231 

29 56 9*29903428293 10*700966 9*307816 28305 10*692184 10*008782 28 12 9*991218 

30 jS 9-29934529304 10*700655 9*308139 29316 10*691861 10-008794 29 12 9-991206 

30 9 ‘^ 99 ^ 5 S 30 314 10*700345 9-308463 30327 110*691537 10*008807 3013 9-991193 

' " m. Cosine Parts Secant Cotang. Parts 1 Tangent Cosec. Parts Sine 


30 14 9-292453 

19 16 19*292768 


1 o 9*991561 

2 I y99i549 

3 I 9’99i53<^ 

4 2 9*99*524 

5 2 9*991511 

6 3 9 * 99 * 49 ^^ 

7 3 9-991486 

8 3 9 * 99 H 73 

9 4 9-991460 
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LOG. SINES. COSINES, &c. 


Sine Parts 
0 9*299655 
2 9*299966 10 

4 9*300276 2 21 
« 9*300586 .3 31 
8 9*300895 4 41 
10 9*301205 6 51 
12 9*301514 6 61 
14 9*301823 7 71 
16 9*302132 8 82 
18 9*302440 9 92 
20 9*302748 10 102 
22 9*303057 11 113 
24 9*303364 12 123 
26 9*30367213133 
28 9*30397914143 

30 9*304287 15 153 
9*304593 *6 164 

31 9*30490017 174 
36 9*305207118 184 
38 9*305513 19 194 

40 9*305819 20 205 
42 9-30612521 215 : 

41 9*30643022 225 ] 
46 9*30673623235 1 
48 9*30704124245 ] 
50 9*30734625256 ] 

5*-! 9*30765026266 1 

54 9*30795527276 1 

56 9*30825928286 1 

58 9*30856329297 I 

!7 9*30^^67 30 307 1 
2 9*309170 1 10 I 

9*309474 2 20 I 

6 9*309777 3 30 I 
8 9*310080 4 40 
0 9*310382 5 50 !( 
‘-2 9*310685 6 60 II 
4 9*310987 7 70 T( 

0 9*311289 8 80 I( 
8 9*311591 9 90 I< 

^^11893 100 K 

2 9*312194. 11 no I( 

1 9*3 1249 < ^2 120 IC 
i 9*312796 13 130 IC 
1 9*313097 14 140 IC 

’ 9-313397 ^6 150 IC 

■ 9*313698 16 160 IC 
^ 9*313998 17 170 IC 
' 9*314297 18 180 10 
’ 9*314597 19 190 10 
9*314897 20 200 10 
9'‘3i5i96 21 210 10 
9*31549? 22 220 10 
9*315793 23 230 10 
9*31609224240 10 
9*316390 25 250 10 
9*316689 26 260 10 
9*316986 27 270 10 
9*31728428280 lO' 
9*3 17582 29 290 10 
9*31787930 300 IQ- 

Cosine Parts S 


10-700345 
10 10-70C034 
21 10-699724 
31 10*699414 
41 10-699105 
51 10-6987951 
61 10-698486 
71 10-698177 
82 10-697868 
92 10-697560 

D 2 10-697252 
13 10*696943 

13 10-696636 
33 10*696328 
1.3 10*696021 
>3 10*695713 
>4 10*695407 
?4 10*695100 
'4 10*694793 

14 10*694487 
>5 10-694181 
5 10*693875 
5 10*693570 
5 10-693264 

5 10*692959 

6 10*692654 
6 10*692350 
6 10*692045 

6 10*691741 

7 10*691437 
7 10*691133 
5 10*690830 

3 10*690526 5 
3 10*690223 5 
) 10*689920 s 
) ro'689618 9 
) 10-689315 9 
) 10*689013 9 
) 10-688711 9 
I 10-688409 9 
I 10*688107 9 
I 10-687806 9 
10-687505 9 
10-687204 9 
10-686903 9 
10*686603 9 
10*686302 9 
10*686002 9' 
10-685703 9‘ 
10*685403 9- 
10*685 103 _9- 
10*684804 9* 
10-684505 9* 
10*684207 9* 
10*683908 9* 
10*683610 9* 
10*683311 9* 
10-683014 9' 
10*682716 9* 
10-682418 9* 
10*682121 9* 


'« Tangent Parts 

45 9‘3 o 8463 

34 9‘3 o 8786 l" u 

24 9*309109 2 21 

14 9*309432 3 32 

35 9*309754 4 43 

?5 9*310076 (J> 53 

36 9*310399 6 64 

11 9*310720 7 75 

)8 9*311042 8 85 
)0 9*311364 9 96 

9*311685 10 107 
.3 9*312006 11 117 

6 9*312327 12 128 
8 9*312647 13 139 
1 9*312968 14 14.9 
3 9*313288 15 160 

7 9*313608 16 171 

0 9*313927 17 181 

3 9*314247 192 

7 9*314566 19203 
9* 31488 5 20 213 
5 9*315204" 21 224 
D 9*315523 22 235 
^ 9*315841 23 245 
? 9*316159 24 256 
}. 9*316477 25267 
) 9*316795 26 277 

; 9*317113 27 288 

[ 9*317430 28 299 
' 9*317747 29 309 

1 9*51806 4 .30 320 ; 

9*318381 1 10 ] 
9*318697 2 21 1 

9*319013 3 31 I 

9*319330 4 42 I 

9*319645 5 I 

9*319961 6 63 I 

9*320277 7 73 I 

9’32o592 8 S4 I 

9*320907 9 94 I 

9*321 222 10 1C4 I 
9*321536 11 115 I 
9*321851 12 125 1' 
9-322165 13 136 I' 
9*322479 14 146 K 
9*322793 15 157 K 
9*323106 16 167 i< 
9*323420 17 178 i< 
9*323733 *8 188 i< 
9-324046 19 199 i( 
9*324358 20 209 i< 
9*324671 21 219 IC 
9*324983 22 230 IC 
9*325295 23 240 1 C 
9*325607 24 251 IC 
9*325919 25 261 IC 
9*326231 26 272 IC 
9*326542 27 282 IC 
9*326853 28293 10 
9*327164 29 303 10 
9*327475 30 31 3 10 

Cotang. I Ptfts 1 

' 78 ® 


10-691537 

11 10-691214 
21 10-690891 
32 10-690568 
43 10*690246 
53 10*689924 
64 10*689601 
75 10-689280 
85 10-688958 
96 10*688636 
L.7 ^0*688315 

17 10-687994 

18 10*687673 
59 ‘°*687353 
(.9 10-687032 
)o 10*686712 
ri 10-686392 

[1 10-686073 

12 10*685753 
*3 ‘o*.6i^5434 

3 10-6851 15 I 

4 10-684796 1 

5 10-684477 ’ 

5 10-684159 1 

6 10*683841 I 

7 1^*^83523 I 

7 10-683205 I 

8 10-682887 I 
5 10*682570 I 

10*682253 ^ 
D 10*681936 1 
) 10*681619 ^ 
t 10-681303 II 
[ 10-680987 II 
i 10-680670 IC 
. 10*680355 
10*680039 
10-679723 IC 
10*679408 IC 
10*679093 JC 
10*678778 IC 
10-678464 IC 
10-678149 IC 
10-677835 IC 
10-677521 IC 
10-677207 IC 
10*6768194 10 
10*676580 10 
10*676267 10 
10-675954 1° 
10*675 642 10 
10*675329 10 
10-675017 10 
10*674705 10 
10-674393 1°' 
10-674081 lO' 
10*673769 TO- 
10*673458 lO- 
|io’ 673I47 10* 
10*672836 lO* 
10-672525 lo- 

Tangent ( 


g. Secant 
537 io-co88o7 
114 10-008820 
191 10-008833 
;68 10-008846 
46 10*008859 
124 10-008872 
01 10*008885 
80 10-008897 
58 10-008910 
36 10-008923 

15 10*008936 
94 10*008949 
73 10-008962 
53 10-008975 
J2 10*008988 

12 I0’C0900I 

)2 10-009014 

13 10*009027 
;3 10-C09040 
!4 10*009053 
' 5 10*00 9066 

16 io'oc 9079 
7 10*009092 
9 10*009105 
.1 10*009118 
3 10*009132 

5 10-00914^ 

7 10*009158 

0 10*009171 

3 10-009184 ' 

6 10*009197 ; 
9 10*009210! 

3 10*009223 
/ 10-0C9237 
3 10*009250 
5 10-009263 
} 10*009276 

1 10*009289 
! 10*009303 
; 10*009316 

I 10-009329 1 
. 10*009342 1 
I 10*009355 1 
10*009369 1 
10*009382 1 
10*009395 ^ 
10*009409 li 
10*009422 r 
10*009435 
10*009449 ij 

10*0094 62 2( 
10-009475 2] 
10*009489 25 
10*009502 2.1 
10-009515 24 
10*009529 25 
TO-009542 26 
10-009555 27 
10*009569 28 
10-009582 29 
1 10-009596 30 

Cosec. Pa 


- Cosine 

507 9991 193 

izo p'o 9-991180 
33 2 I 9-991167 

46 3 I 9*991154 

59 4 2 9*991141 

72 5 2 9*991128 

^563 9*991115 
97 7 3 9*991103 

10 8 3 9*991090 

23 9 4 9*991077 

3*^ 10 4 9*991064 , 

4-9 5 9*991051 

62 12 5 9*991038 
75 13 6 9*991025 , 
88 14 6 9*991012 ; 
31 15 6 9*990999 ; 
f4 16 7 9*990986 ! 

17 17 7 9*990973 5 
^o 18 8 9*990960 i 
;3 19 8 9*990947 s 
•6 20 9 9*990 934 S 
9 21 9 9*990921 1 
2 22 10 9*990908 1 
5 23 10 9*990895 1 
8 24 10 9*990882 1 
2 25 II 9*990868 1 
5 26 11 9*990855 : 

8 27 12 9*990842 ( 
I 28 12 9*990829 
4 29 13 9*990816 ! 

7 30 13 9*990803 j, 

d| 1 O 19*990790 5f 

J 2 j 9*990777 5( 

1 3 I 9*990763 5^ 

> 4 2 9*990750 m 

\ 5 2 9*990737 5(J 

I 6 3 9*990724 

I 7 3 9*990711 4G 

1 « 4 9*990697 44 

I 9 4 9*990684 42 

I 10 4 9*990671 40 

11 5 9*990658 38 
; 12 5 9*990645 36 

I 13 6 9*990631 34 

14 6 9*990618 32 

15 7 9*990605 30 

16 7 9*990591 28 

17 8 9*990578 ‘26 

18 8 9*990565 -24 

19 8 9*990552 *22 

20 9 9*990538 20 

21 9 9*990525 18 

22109*990511 16 

23 10 9*990498 14 

24 1 1 9*990485 12 

25 II 9*990471 10 

26 12 9*990458 ’ 8 

27 12 9*990445 6 

28129*990431 4 

2913 9*990418 2 
30 13 9*990404 0 

Parts Sine m. 


I’ABLE 68 


7ltt 


1 LOG. SINES, COSINES, 

1 48 '» 




1-2° 







/ // 

m. 

Sine 

Parts 

Cosee. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

in 

/ //■ 

{) 

0 

9 ' 3 » 7-'^79 


10-682121 

9 * 3^7475 


10*672525 

10-009596 


9*990404 

12 

(,() 

;io 

‘i 

9-318176 

1" 10 

10*681824 

9-327785 

1" 10 

10-672215 

10*009609 

l"o 

9*990391 

.OS 

31 

1 

4 

9*3*8473 

2 20 

10-681527 

9-328095 

2 20 

10-671905 

10*009622 

2 I 

9-990378 

S(i 

nil 

80 

6 

9-318769 

.3 29 

10-681231 

9*328405 

3 31 

10-671595 

10-009636 

4 1 

9-990364 

.54 

30 

2 

8 

9-319066 

4 39 

10*680934 

9-32871 5 

4 41 

10*671285 

10*009649 

4 2 

9-990351 

52 

56 

30 

10 

9-319362 

6 49 

10*680638 

9-329025 

5 Cl 

10-670975 

10-009663 

6 2 

9*990337 

50 

3(1 

3 

12 

9*319658 

® 59 

10-680342 

9*329334 

6 61 

10*670666 

10*009676 

6 3 

9-990324 

48 

37 

30 

14 

9-319954 

7 69 

10*680046 

9*329644 

7 72 

10-670356 

10*009690 

7 3 

9-990310 

46 

30 

4 

16 

9-320249 

8 78 

10*670751 

9-329953 

8 82 

10-670047 

10*009703 

8 4 

9-990297 

44 

56 

30 

18 

9*320545 

9 88 

10*679455 

9*330262 

9 92 

10*669738 

10-009717 

9 4 

9-990283 

42 

:i() 

5 

20 

9*320840 

10 98 

10-679160 

9-330570 

10 102 

10-669430 

10*009730 

10 5 

9*990270 

40 

55 

30 

22 

9*321135 

11 108 

10-678865 

9-330879 

11 113 

10-669121 

10*009744 

11 5 

9*990256 

38 

30 

6 

24 

9*321430 

12 118 

io’67857o 

9-331187 

12 123 

10-668813 

10*009757 

12 5 

9-990243 

30 

54 

30 

26 

9-321724 

13 127 

10-678276 

9*331495 

13 133 

10-668505 

10*009771 

13 6 

9*990229 

34 

.■>0 

7 

28 

9-322010 

14 137 

10-677981 

9-331803 

14 143 

10-668197 

10-009785 

14 6 

9-990215 

32 

5 :t 

30 

30 

9-322313 

15 147 

10-677687 

9-332111 

15 154 

10*667889 

10*009798 

15 7 

9-990202 

30 

30 

8 

32 

9*322607 

16 157 

10-677393 

9-332418 

16 164 

10-667582 

10*009812 

16 7 

9-990188 

28 

52 

30 

34 

9-322900 

17 167 

10-677100 

9*332726 

17 174 

10-667274 

10*009825 

17 8 

9*990175 

26 

30 

9 

36 

9*323194 

18 176 

10*676806 

9*333033 

18 184 

10*666967 

10*009839 

18 8 

9*990161 

24 

51 

30 

38 

9*323487 

19 186 

10*676513 

9*333340 

19 195 

10*666660 

10*009852 

19 9 

9-990148 

22 

:in 

10 

40 

9*323780 

20 196 

10*676220 

9-333646 

20 205 

10-666354 

10*009866 

20 9 

'>*990134 

20 

50 

30 

42 

9*324073 

21 206 

10*675927 

9*333953 

•21 215 

10*666047 

10-009880 

21 9 

9-990120 

18 

30 

11 

41 

9*324366 

22 216 

10*675614 

9-334259 

22 225 

10-665741 

10*009803 

22 10 

9-990107 

16 

49 

30 

46 

9-324658 

23 225 

10*675342 

9*334565 

23 236 

10-665435 

10*009907 

23 10 

9*990093 

14 

30 

12 

48 

9*324950 

24 215 

10*675050 

9 ‘ 334 f? 7 i 

24 246 

10-665129 

10-009921 

24 1 1 

9*990079 

12 

48 

30 

50 

9*325243 

25 245 

10-674757 

9*335177 

25 256 

10-664823 

10-009934 

25 II 

9*990066 

10 

30 

13 

52 

9*325534 

26 255 

10*674466 

9-335482 

26 266 

10-664518 

10-009948 

26 12 

9-990052 

8 

47 

30 

54 

9*325826 

27 265 

10-674174 

9-335788 

27 277 

10-664212 

10*009962 

27 12 

9-990038 

6 

30 

14 

56 

0*326117 

28 274 

10*671881 

9-336093 

28 287 

10-663907 

10-009975 

28 13 

9*990025 

4 

46 

30 

58 

9*326409 

29 284 

10*673591 

9-336398 

29 297 

10-663602 

10-009989 

29 13 

9*99001 1 

•2 

30 

16 

40 

9*326700 

30 294 

10-673300 

9-336702 

30 307 

10*663298 

10*010003 

.30 14 

9*989997 

11 

45 

30 

2 

9*326091 

1 10 

10-673009 

9*337007 

1 10 

10-662993 

10*010016 

1 0 

9-989984 

rjH 

3<l 

16 

4 

9*327281 

2 19 

10*672719 

9-337311 

2 20 

10*662689 

10*010030 

2 I 

9-989970 

rxt 

44 

30 

6 

9*327572 

3 29 

10*672428 

9-337615 

3 30 

10*662385 

10*010044 

3 I 

9-989956 

.54 

:ui 

17 

8 

9*327862 

4 38 

10-672138 

9*337919 

4 40 

10-662081 

10*010058 

4 2 

9-9S9942 

.52 

48 

30 

10 

9*328152 

5 48 

10*671848 

9-338223 

5 50 

10*661777 

10-01C071 

5 2 

9-989929 

50 

3(1 

18 

12 

9*328442 

6 58 

10*671558 

9-338527 

6 60 

10-661473 

10-010085 

6 3 

9*989915 

IS 

4-2 

30 

14 

9*328731 

7 67 

10*671269 

9-338830 

7 70 

10*661 170 

10*010099 

7 3 

9-989901 

40 

30 

19 

10 

9*329021 

8 77 

10-670979 

9*339133 

8 80 

10-660867 

10*0101 13 

8 4 

9*989887 

44 

41 

30 

18 

9*329310 

9 86 

10*670690 

9*339436 

9 90 

10*660564 

10*010127 


9-989873 

12 

3(1 

20 

20 

9-329599 

10 96 

10-670401 

9*339739 

10 loi 

10*660261 

10*010140 

! 10 5 

9*989860 

10 

40 

30 

22 

9*329888 

11 106 

10*670112 

9-340042 

11 HI 

10*659958 

10*010154 

11 5 

9*989846 

3h 

30 

21 

24 

9*330176 

12 115 

10*669824 

9-340344 

12 121 

10-659656 

io'oioi68 

12 5 

9-989S32 

:n» 

:i 9 

30 

26 

9*330465 

13 125 

10*669535 

9-340646 

13 13 I 

10*659354 

10*010182 

13 .6 

9*989818 


30 

22 

28 

9*330753 

14 134 

10-669247 

9-340948 

14 141 

10-659052 

10*010196 

14 6 

9-989804 

.{2 

:iH 

30 

30 

9*331041 

15 144 

10-668959 

9*341250 

15 151 

10*658750 

10*010210 

15 7 

9-989790 

:)() 

3(1 

23 

32 

9*331320 

16 154 

10*668671 

9*34155^ 

16 161 

10*658448 

10*010223 

16 7 

9-989777 

•28 

37 

30 

31 

9*331616 

17 163 

10-668384 

9*341853 

17 171 

10-658147 

0 

d 

0 

17 8 

9-989763 

*20 

3(1 

24 

36 

9*311003 

18 173 

10*668097 

9-342155 

18 181 

10-6.57845 

10*010251 

18 8 

9-989749 

•21 

36 

30 

38 - 

9-332191 

19 182 

10*667809 

9*342456 

19 191 

10-657544 

10*010265 

19 9 

9*989735 

•22 

30 

25 

40 

0-332478 

20 192 

10*667522 

9*342757 

20 201 

10*657243 

10-010279 

20 9 

9-989721 

20 

35 

.^0 

42 

9 * 3127'^4 

21 202 

10*667236 

9*343057 

21 211 

10*656943 

10*010293 

21 9 

9*989707 

18 

30 

26 

44 

9*33300 

22 211 

10*666949 

9*343358 

22 221 

10-656642 

10*010307 

22 10 

9-989693 

16 

34 

30 

46 

9*333137 

23 221 

10*666663 

9*343658 

23 231 

10-656342 

10-010321 

23 10 

9-989679 

14 

30 

27 

48 

9*333624 

24 230 

19-666376 

9*343958 

24 241 

10-656042 

10-010335 

24 11 

9-989665 

12 

33 

30 

50 

9 * 3339*0 

25 240 

10-666090 

9-344258 

25 252 

10-655742 

10*010349 

25 II 

9-989651 

10 

30 

28 

52 

9*334195 

26 256 

10*665805 

9*344558 

26 262 

10-655442 

10*010363 

26 12 

9*989637 

8 

32 

30 

54 

9*334481 

27 259 

10*665519 

9*344858 

27 272 

10-655142 

10*010377 

27 12 

9-989623 

0 

.30 

29 

56 

■9*334767 

28 269 

10*665233 

9*345157 

28 282 

10*654843 

10*010390 

28 13 

9-989610 

4 

31 

.30 

58 

9*335052 

29 278 

10-664948 

9*345456 

29 292 

10-654544 

10*010404 

29 13 

9-989596 

2 

30 

30 

SO 

9 * 33^337 

30 088 

10*664663 

9*345755 

30 302 

10*654245 

10*010418 

.30 14 

9*989582 

0 

30 

/// 

m. 

Cosine 

Parts 

Seeant 

Cotang. 

Parts 

Tangent 

Cosec. 

1 Parts 

Sine 

m. 

T 7 / 







770 




5“ 

Tr 





TABLE G8 


717 


9 9*335337 
2 9*335622 9 

* 9*3359«6 2 19 

a 9*336191 3 28 

* 9*336475 4 38 

) 9*336759 5 47 

i 9*337043 6 56 

I 9*337326 7 66 
i 9*337610 8 75 

» 9*337893 9 85 
) 9*338176 10 94 
5 ^33845911 103 
l 9*33874212113 
I 9*33902413122 
I 9*33930714132 

I 9*33958916141 

I 9*33987116150 
; 9*340152 17 160 
I 9*34043418 169 
9*340715 19 179 
9*340996 20 188 
9*34127721 197 
9*34155822 207 
9*34183923 216 
9*34211924 226 
9*34239925235 
9*34267926 244 
9*34295927 Z 54 
9*34323928263 
9*34351829273 
L 9*343797 30 282 
9*344076 1 9 

9*344355 2 18 
9*344634 3 28 
9*344912 4 37 
9*345191 5 46 
9*345469 6 55 
9*345747 7 64 
9*346024 8 73 
9*346302 9 83 

9*346579 10 9^ 

9*346857 11 101 

9*34713412 III 
9*347410 13 120 
9*347687 14 129 
9-347963 15 138 
9-348240 16 147 

9-34851617 157 
9-348792 18 166 
9-349067 19 17 s 
9*34934 3 20 184 
9-34961821 193 
9-34989322 203 
9*350168 23 212 
9*350443 24 221 
9*350718 25 230 
9*350992 26 239 
9*351266 27 249 
9*35154028 258 
9*35181429 267 
9*35208830 276 

Cosine Parts 


10*664663 
10-664378 
10-664094 
10-663809 
10-663525 
10-663241 
10-662957 
10-662674 
10-662390 
10-662107 
10-661824 
10-661541 
10-661258 
10-660976 
10-660693 
10-66041 1 
10-660129 
10-659848 
10-659566 
10-659285 
10-659004 
10-658723 
10-658442 
10-658161 
10-657881 
10-657601 
10-657321 
10 * 6570^1 
10-656761 
10-656482 
jp -656203 
10-655924 
10-655645 
10-655366 
10*655088 
10*654809 
10*654531 
10*654253 
10*653976 
10*653^8 
10-653421 
110-653143 
10*652866 
10*652590 
10*6523 13 
10-652037 
10*651760 
10-651484 
10-651208 
10*650933 
10*650657 
10*650382 
10*650107 
10-649832 

10*649557 

10*649282 
10-649008 
10*648734 
10 * 6 ^ 846 ( 
10-648186 
10*647012 


9*345755 

9-346054 

9*346353 

9*346651 

9-346949 

9*347248 

9*347545 

9*347843 

9*348141 

9*348438 

9*348735 

9*349032 

9*349329 

9*349626 

9*349922 

9*350218 

9*350514 

9*350810 1 
9-351106 1 
9*351401 ] 

9 * 35^697 - 

9*351992 ^ 
9*352287 ^ 
9*352582 ^ 
9*352876 5 
9*353171 5 

9*353465 ' 

9*353759 ' 

9*354053 - 

9*354347 ' 
9*354640 ; 

9*354934 

9*355227 

9*355520 

9*355813 

9-356105 

9*356393 

9-356690 
9-356982 
9*357274 
9*357566 I 

9*357857 1 

9-358149 1 
9*358440 1 

9*358731 * 

9*359022 1 

9*359313 ^ 

9*359603 1 

9*359893 1 

9*360184 1 

9*360474 ^ 

9-360763 2 
9-361053 2 

9*361343 2 

9-361632 2 
9-361921 2 
9*362210 2 
9*361499 2 
9-362787 2 
9*363076 2 
9-363364 3 


Cotang. 

Secant 

10-654245 

10-653946 

10-653647 

10-653349 

10*653051 

10-652752 

10-652455 

10-652157 

10-651859 

10-651562 

10-651265 

10-010418 

10*010432 

10*010447 

10-010461 

10*010475 

10-010489 

10-010503 

10-010517 

10-010531 

10*010545 

10*010559 

10-650968 
10*650671 
10*650374 
10-650078 
10-649782 
10*649486 
10*649190 
10-648894 
10-648599 
10 --64 8 303 

10-010573 

10*010587 

10*010601 

10*010615 

10*010630 

10*010644 

10*010658 

10*010672 

10*010686 

10*010700 

10-648008 

10*647713 

10*647418 

10-647124 

10*646829 

10-646535 

10-646241 

10-645947 

10-645653 

10-645360 

10 - 01071 5 ‘ 
10*010729 
10*010743 
10*010757 
10*010772 
10*010786 
io*oio 8 oo 
10*010814 
10*010829 
10-010843 

10*645066 

10*644773 

10*644480 

10*644187 

10*643895 

10*643602 

10*643310 

10-643018 

10*642726 

10-642434 

10-010857 

10*010872 

io'oio 886 

10 - 01 C 90 C 

10-010915 

10-010929 

10-010943 

10-010958 

10*010972 

10-010986 

10*642143 

io’ 64 i 85 i 

10*641560 

10-641269 

10-640978 

10*640687 

10-640397 

10*640107 

10-639816 

10*639526 

lO-OlIOOI 

10-011015 

10*011030 

10*011044 

10*011058 

10*011073 

10 - 0110 S 7 

10*011102 

10*011116 

10*011131 

10*639237 

10*638947 

10*638657 

10*638368 

10*638079 

10-637790 

10-637501 

10-637213 

10-636924 

10*636636 

10-011145 
io-oiii 6 o 
10*011174 
10-011189 
10 * 01 1*03 

I0-0II218 

10*011232 

10*011247 

10*011261 

10-011276 

Tangent 

Cosec. ] 






TAB),li; 68 


■jlR 






LOG. SINES, COSINES. c\c. 






O'’ 












/ t 

'1? 

• Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

1 Parts] Cosine 

m 

f n 

0 


9 * 3 S 2 o 8 

S 

10-647912 

9-363364 


10*636636 

10*011276 


9-988724 

8 

60 " 

JO 

' 2 

9-35236 


io- 6476 ';S 

9-363652 

1" IC 

10*636348 

10*011291 

r 0 

9-988709 

58 

30 

1 

4 

9-35263 

2 18 

10-647365 

9*363940 

2 19 

10*636060 

10-011305 

2 1 

9-988695 

5 G 

6U 

30 

6 

9-35290 

3 27 

10*647092 

9*364228 

3 29 

10*635772 

10-011320 

3 1 

9-988680 

54 

30 

2 

9 

9 ‘ 3 S 3 JS 

4 36 

10*646819 

9*364515 

4 38 

10*635485 

10*011334 

4 2 

9*988666 

5-2 

68 

30 

10 

9 ' 35345 ^ 

5 45 

10-646546 

9*364803 

8^48 

10*635197 

10*01 1349 

5 2 

9-988651 

50 

30 

3 

12 

9-35372! 

6 54 

10*646274 

9*365090 

6 57 

10-634910 

10-011364 

6 3 

9*988636 

48 

67 

30 

14 

9 * 35399 < 

7 63 

10-646001 

9*365377 

7 67 

10-634623 

10*01 1378 

7 3 

9-988622 

40 

30 

4 

16 

9’35427 

8 72 

10*645729 

9*365664 

8 76 

10-634336 

10-011393 

8 4 

9-988607 

44 

56 

30 

18 

9*35454: 

9 81 

10-645457 

9*365951 

9 86 

10*634049 

10*011408 

9 4 

9-988592 

42 

30 

5 

20 

9 * 3548 i< 

10 90 

10-645x85 

9-366237 

10 95 

10-633763 

10*011422 

10 5 

9 - 9 S «578 

40 

55 \ 

30 

22 

9*35508: 

11 99 

10-6449 1 3 

9-366524 

11 105 

10-633476 

10-011437 

11 5 

9-9885^3 

38 


6 

24 

9 * 35535 ^ 

12 108 

10-644642 

9-366810 

12 114 

10*633190 

10*011452 

12 6 

9-988548 

30 

6’ 

30 

26 

9*35563^ 

13 117 

10-644370 

9-367096 

13 124 

10*632904 

10*01 1466 

13 6 

9-988534 

34 

30 l 

7 

28 

9*355901 

14 126 

10*644099 

9-367382 

’■* '33 

10-632618 

10*011481 

14 7 

9-988519 

32 

58 1 

30 

30 

9*356172 

15 135 

10-643828 

9-367668 

15 143 

10*632332 

10*011496 

15 7 

9-988504 

30 

308 

8 

32 

9*356443 

16 144 

10*643557 

9*367953 

16 152 

10*632047 

10*011511 

16 8 

9-988489 

28 

52 

30 

34 

9*356713 

17 153 

xo-643287 

9-368239 

17 162 

10-63176 1 

10*011525 

17 8 

9988475 

-20 

30 

9 

36 

9*356984 

18 162 

10*643016 

9*368524 

18 I71 

10-631476 

10*011540 

18 9 

9-988460 

•24 

51 

30 

38 

9*357254 

19 171 

X 0-642 746 

9-368809 

19 181 

10*631191 

10*011555 

19 9 

9-988445 

-2-2 

30 

10 

40 

9*357524 

20 18 1 

10*642476 

9-369094 

20 190 

^0-630906 

10*011 570 

20 10 

9-988430 

20 

50 

30 

42 

9*357794 

21 190 

10-642206 

9-369378 

21 200 

10-630622 

10-01 1 584 

21 10 

9-988416 

18 

30 

11 

44 

9*358064 

22 199 

10-64x936 

9*369663 

22 2C9 

10-630337 

10-011599 

22 II 

9-988401 

10 

40 

30 

46 

9-35*333 

23 208 

10-641667 

9*369947 

23 2x9 

10*630053 

10*011614 

23 II 

9*988386 

11 

30 

12 

48 

9*358603 

24 217 

10-641397 

9-370232 

24 228 

10*629768 

[0-011629 

24 12 

9-988371 

1-2 

48 

30 

50 

9*358872 

25 226 

10-641128 

9-370516 

25 238 

10-629484 

10*011644 

25 12 

9-988356 

10 

30 

13 

52 

9*359141 

26 235 

10*640859 

9-370799 

26 248 

10-629201 

10*011658 

26 13 

9-98S342 

8 

•47 

30 

54 

9*359410 

27 244 

10-640590 

9-371083 

27 257 

10-628917 

10*011673* 

27 13 

9-988327 

0 

30 

14 

56 

9*359678 

28 253 

10-640322 

9-371367 

28 267 

10*628633 

10-01 1688 

28 14 

9*988312 

1 

46 

30 

58 

9*359947 

29 262 

10-640053 

9-371650 

29 276 

10*6283 

10-011703 

2914 

9-988297 

2 

30 

id 

53 

9*360215 

30 27 I 

10-639785 

9*371933 

30 286 

10-628067 

10-0117^ 

.30 15 

9*988282 

7 

45 

30 

2 

9*360484 

1 9 

10-639516 

9-372216 

1 10 

10-627784 

10*01 1733 

1 0 

9-988267 

5 S 

:<() 

10 

4 

9-360752 

2 18 

10-639248 

9*372499 

2 19 

10-62^501 

0011748 

2 1 

9*988252 

50 

44 

30 

6 

9*361019 

3 26 

10-638981 

9-372782 

3 28 

10*627218 

0-011763 

3 1 

9-988237 

5-1 

30 

17 

8 

9-361287 

^ 35 

10-638713 

9*373064 

4 37 

10*626936 

10-011777 

4 2 

9-988223 

52 

4.8 

30 

10 

9*361554 

5 44 

10-638446 

9373347 

5 47 

10-626653 

10-01 1792 

5 2 

9-9882 8 

50 

30 

18 

12 

9*36x822 

6 53 

X0-638178 

9*373629 

6 56 

10-626371 

10*011807 

6 3 

9-988193 

•IS 

42 

30 

14 

9*362089 

7 62 

10*637911 

9-373911 

7 65 

10*626089 

10*011822 

7 3 

9-988178 

40 

30 

19 

16 

9*362356 

8 70 

10-637644 

9*374193 

8 75 

10-625807 

10-011837 

8 4 

9-988163 

44 

41 

30 

18 

9*362623 

9 79 

10*637377 

9*374475 

9 84 

10-625525 

10-011852 

9 4 

9*988148 

4-2 

30 

20 

20 

9*362889 

10 88 

10-637111 

9*374756 

10 93 

xo-625244 

10*01 1867 

10 5 

9-988133 

40 

4 (‘ 

30 

22 

9-363156 

11 97 

10*636844 

9*375038 

11 103 

10*624962 

10-011882 

11 5 

9*9881 18 

38 

30 

21 

21 

9*363422 

12 106 

10-636578 

9*375319 

12 1x2 

10 62468 1 

10*01 1897 

12 6 

9-988103 

36 

30 

30 

26 

9*363688 

13 I15 

10-636312 

9-375600 

13 122 

10-624400 

1001 1912 

13 6 

9-988088 

31 

30 

22 

28 

9*363954 

14 124 

10*636046 

9-375881 

14 131 

xo-6241 19 

10*01 1927 

14 7 

9-988073 

32 



30 

9*364220 

15 133 

10-635780 

9 ' 376 i 62 

15 140 

10*623838 

10011942 

15 7 

9-98805S 

30 

30 

23 

32 

9*364485 

16 142 

10-635^15 

9-376442 

16 150 

10-623558 

IO‘OI 1957 

16 8 

9*988043 

28 

37 

30 

31 

9*364751 1 

17 151 

10-635249 

9-376723 

17 158 

10-623277 

IO-OII972 

17 8 

9*988028 

26 

30 

24 

36 

9*365016 1 

18 159 

10-634984 

9*377003 

18 168 

10*622997 

10*011987 

18 9 

9-988013 

24 

36 

30 

38 

9*365281 ] 

19 168 

10-634719 

9-377283 

19 178 

10-6227x7 

10*012002 

19 9 

9-987998 

•2*2 

30 

25 

40 

9-3655461 

20 177 . 

10-634454 

9-377563 

20 187 

10-622437 

IO-OI20I7 

20 10 

9-987983 

-20 

85 

30 

li 

9*3658x0! 

21 186 ' 

10-634190 

9*377843 

21 196 ] 

10-622x57 

[0-OI2032 

21 10 

9-987968 

18 

30 

20 

44 

9*366075! 

22 195 

10 633925 

9-378122 

22 206 ] 

10-621878 

io‘oi2047 

22 II 

9-987953 

10 

34 

30 

)() 

9*366339! 

23 203 1 

10*633661 

9-378402 

23 215 ] 

[0-621598 

10-012063 

23 11 

9-987937 

14 

30 

27 

4 H 

9*3666045 

14 212 : 

10-633396 

9*378681 

24 224 ] 

10-621319 

10*012078 

24 12 


12 

38 

30 

50 

9*366868 5 

S 5 221 1 

[0*633132 

9-378960 

25 234 1 

10-621040 

10*012053 

25 12 

9-987907 

10 

30 

20 

52 

9*3671315 

56 230 ] 

10*632869 

9 * 379'^39 

26 243 ] 

[0*620761 

[0*012108 

26 13 

9-987892 

S 

82 

30 

5-1 

9*3673555 

57 239 1 

10*632605 

9-379518 

27 252 ] 

[0*620482 

10*012123 

27 13 

9-987877 

0 

30 

29 

50 

9*367659! 

23 248 ] 

10*632341 

9*379797 

28 262 ] 

[0*620203 

10*012138 

28 14 

9-987862 

A 

8. 

3 <i 

5 

9*367922 1 

29 257 

10*632078 

9-380075 

29 271 ] 

[O-619925 

10*012153 

29 14 

9-987847 

-2 

30 ! 

I'* 


9*368185,- 

10 265 : 

10-631815 

9-380354 

20 280 ] 

[0*619646 

ro*oi2i68 

30 15 

9-987X32 


80 S 

/ n 



Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 1 

Sine |ro*j 








76 ° 




. 5 '' 
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TABLE 68 


719 


LOG. SINES. COSINES. «!te. 


r Sine Parts 
9*368185 
9*368448 l ** 9 
9*368711 2 17 
9*368974 3 26 
9*369236 4 35 
9*369499 5 43 
9*369761 6 52 
9*370023 7 61 
9*370285 8 70 
9*370546 9 78 
9*370808 10 87 
9*37*069 11 95 
9*37133012 104 
9*371591 13 113 
9*371852 14 122 
9*372113 15 130 

9*372373 139 

9*372634 17 148 
9*372894 18 156 

9*373*5419 165 
I 9*3734H ^0 *74 
; 9*37367421 182 
9*37393322191 
9*37419223200 
9*374452 24 208 
9’3747 Ii 25 217 | 

9*374970 26 226 

9*37522827 235 
9*37548728 243 
9*375745 ^9 252 

1 9*376003 30 261 
9*376261 1 8 

9*376519 2 17 

9*376777 3 25 

9*377035 4 34 
9*377292 5 42 

9*377549 6 5 * 
9*377806 7 59 
9*378063 8 68 
9*378320 9 76 
9*378577 10 85 
9-37883311 94 
9*379089 12 102 
9*37934613 III 
9*379601 14 119 
9*37985716 128 
9*380113 16 136 
9*380368 17 145 
9*380624 18 153 
9*380879 19 162 
9*381134 20 170 
9*38138921 179 
9*38164322 187 
9*38189823 196 
9*382152 24 204 
9*38240625 213 
9*382661 26 222 
9*38291427 230 
9*38316828 239 
9*38342229 247 
9*38367530 256 


- Cosine Parts 


Cosec . 
10*631815 
10*631552 
10*631289 
10*631026 
10*630764 
10*630501 
10*630239 
10*629977 
10*629715 
10*629454 
10*629192 
10*62893 1 
10*628670 
10*628409 
10*628148 
10*627887 
10*627627 
10*627366 
10*627106 
10*626846 
10*626586 
10*626326 
10*626067 
10*625808 
10*625548 
10*625289 
10*625030 
10*624772 
10*624513 
10*624255 
10*6239 97 

10*623777 

10*623481 
10*623223 
10*622965 
10*622708 
10*622451 
10*622194 
10*621937 
10*621680 
10*621423 
10*621167 
10*620911 
10*620654 
10*620399 
10*620143 
ic 6198S7 
10*619632 
10*619376 
10*619121 
10*618866 
10*618611 
10*618357 
10*618102 
10*617848 
10*617594 
10*617339 
10*617086 
10*616832 
10-616578 
10-616525 


Tangent 

9*35^0354 

9*380632 

9*380910 

9*381188 

9*381466 

9 ‘ 38 i 743 

9*382020 

9*3^^2298 


Parts Cotang. 

10*619646 
1" 9 10*619368 

2 18 10*619090 

3 28 10*618812 

4 37 10*618534 
p 46 10*618257 

6 55 10*617980 

7 64 10*617702 


9*382575 8 74 10*617425 
9*382852 9 83 10*617148 

9*383129 10 92 10*616871 
9*383405 11 loi 10*616595 
9*383682 1*2 110 10*616318 
9*383958 13 120 10*616042 
9*384234 14 129 10*615766 
9*384510 15 138 10*615490 
9*384786 16 147 10*615214 
9*385062 17 156 10*614938 
9*385337 18 166 10*614663 
9*385612 19 175 10*614388 
9*385888 20 184 10*614112 
9*386163 21 193 10*613837 
9*386438 22 202 10*613562 
9*386712 23 212 10*613288 
9*386987 24 221 10*613013 
9*387261 25 230 10*612739 
9*387536 26 239 10*612464 
9*387810 27 248 10*612190 
9*388084 28258 10*611916 
9*388358 29267 10*611642 
9*388631 30276 10*611369 
9*388905 1 9 10*611095 

9*389178 2 18 10*610822 
9*389451 3 27 10-610549 

9*389724 4 36 10*610276 
9*389997 5 45 10*610003. 

9*390270 6 54 10*609730 

9*390543 7 63 10*609457 

9*390815 8 72 10*609185 

9*391087 9^81 10*608913 

9*391360 10 90 10*608640 
9*391632 11 99 io*6o''368 

9*391903 12 108 10*608097 
9*392175 13 118 10*607825 
9*392447 14 127 10*607553 
9*392718 15 136 10*60-^7282 
9*392989 16145 ic*6o70ii 
9*393260 17 154 10*606740 
9*393531 18 i»''3 10*606469 
9*393802 19 172 10 606198 
jr^4^3 181 10*6059 27 

9*394343 21 190 10*605657 
9*394614 22 199 10*605386 
9*39488'4 23208 10*605116 
9*395^54 24217 *0*604846 
9*395424 25 226 10*604576 
9*395694 26 235 10*604306 
9*395963 27 244 10*604037 
9*396233 28253 *0-603767 
9*396502 29 262 *0*603498 
9-39677* 30 271 10*603229 

Cotang. Parts Tangent 


Secant 
10*012168 
10*012184 
10*012199 
10*012214 
10*012229 
10*012244 
10*012260 
10*012275 
10*012290 
10*012305 
10*012321 
10*012336 
10*01235 1 
10*012366 
10-012382 
10*012397 
10*012412 
10*012428 
10*012443 
10*012458 
10*012474 
10*012489 
10*012504 
10*012520 
10*012535 
lo-oiisji 
10*012566 
10-012581 
10*012597 
10*012612 
10*012628 
10*012643 
10*012659 
10*012674 
10*012690 
10*012705 
10*012721 
10*012736 
10*012752 
10*012767 
10*01278 j 
10*012798 
10*012814 
10*012830 
10*012845 
10*01286 1 
10*012876 
10*012892 
10*012908 
10-012923 
10*012939 
10*012955 
10*012970 
10*012986 
10*013002 
10*013017 
10*01303*3 
10*013049 
10*013064 
10*013080 
10*013096 


Cosec. 


Parts Cosine 
9*987832 
1" 1 9*987816 

2 1 9*987801 

3 2 9*987786 

4 2 9*987771 

5 3 9*987756 

6 3 9*987740 

7 4 9*987725 

8 4 9*987710 

9 5 9*987695 

10 5 9*98767 9 

11 6 9*987664 

12 6 9*987649 

13 7 9*987634 

14 7 9*987618 

15 8 9*987603 

16 8 9*987588 

17 9 9*987572 

18 9 9*987557 

19 10 9*987542 

20 10 9*987526 
21 II 9*987511 

22 II 9*987496 

23 12 9*987480 

24 12 9*987465 

2513 9*987449 

26 13 9*987434 

27 14 9*987419 

28 14 9*987403 

29 15 9*987388 

30 15 9*987372 

1 1 9*987357 

2 I 9*987341 

3 2 9*987326 

4 2 9*987310 

5 3 9*987295 

6 3 9*987279 

7 4 9*987264 

8 4 9*987248 

9 5 9*987233 

10 5 9*987217 

11 6 9*987202 

12 6 9*987186 

13 7 9*987170 

14 7 9*987155 

15 8 9-987139 

16 8 9*987124 

17 9 9*987108 

18 9 9*987092 

19 10 9*987077 

20 10 9*987061 • 

21 II 9*987045 

22 1 1 9*987030 

23 12 9*987014 

24 12 9*986998 
25139*9^6983 

26 14 9*986967 

27 14 9*986951 
2815 9*986936 
2915 9*986920 
30 16 9*986904 


Parts Sine 






720 


TABLE U« 


LOG. SINES, COSINES, ffcc,. 


(»'■ .•>(>■" 14 ° 


"/ n 

m. 

Sine 

Parts 

Cosec. 

Tang tn( 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/ // 

0 

0 

9 * 3 i^ 3(’75 


10 616325 

9*396771 


10*603229 

10*013096 


9*986904 

4 

CO 

30 

2 

9-383928 

1" 8 

10*616072 

9*397040 

1 '" 9 

10*602960 

10*0131 12 

l"j 

9*986888 

58 

30 

1 

4 

9*384182 

2 17 

10*615818 

9*397309 

2 18 

10*602691 

10*013127 

2 1 

9*986873 

5 d 

69 

30 

6 

9-384435 

3 25 

10*615565 

9*397578 

3 27 

10*602422 

10*012143 

3 2 

9*986857 

54 

30 

2 

8 

9*384687 

4 33 

10*615313 

9*397846 

4 36 

10*602154 

10*013159 

4 2 

9*986841 

52 

59 

30 

10 

9-384940 

5 42 

10*615060 

9*398115 

5 ^ 

10*601885 

10*0x31-5 

5 3 

9*986825 

50 

30 

3 

12 

9-385192 

6 50 

10*614808 

9*398383 

6 53 

10*601617 

10*013191 

6 3 

9*986809 

48 

67 

30 

14 

9*385445 

7 59 

10-614555 

9*398651 

7 62 

10*601349 

10*013106 

y 4 

9*986794 

4(1 

3 U 

4 

10 

9-385697 

8 67 

10-614303 

9*398919 

8 71 

10*601081 

10*013222 

8 4 

9*986778 

44 

5 « 

30 

18 

9*385949 

9 75 

10*614051 

9*399187 

9 80 

10*600813 

10*013258 

9 5 

9*986762 

4*2 

30 

6 

20 

9*386201 

10 84 

10*613799 

9 * 3994‘;5 

10 89 

10*600545 

10*013254 

10 5 

9*986746 

40 

66 

30 

22 

9-386452 

11 92 

10*613548 

9*399722 

11 98 

10*600278 

10*013270 

11 6 

9*986730 

38 

30 

6 

24 

9-386704 

12 100 

10*613296 

9-399990 

12 107 

lo* 6000 10 

10*013286 

12 6 

9*986714 

30 

54 

30 

20 

9*386055 

13 109 

10*613045 

9*400257 

13 116 

10*599743 

10*013301 

13 7 

9*986699 

34 

30 

7 

28 

9*387207 

14 iig 

10*612793 

9*400524 

14 125 

10*599476 

10*013317 

14 7 

9*986683 

3*2 

59 

30 

30 

9*387458 

15 126 

10*612542 

9*400791 

15 133 

10*599209 

10*013333 

15 8 

9*986667 

30 

30 

8 

32 

9*387709 

16 134 

10*612291 

9*401058 

16 142 

10*598942 

10*013349 

16 8 

9*986651 

28 

52 

30 

34 

9*387959 

17 142 

10*612041 

9*401325 

17 151 

10*598675 

10*013365 

17 9 

9*986635 

26 

30 

9 

30 

9*3882x0 

18 150 

10*611790 

9*401591 

18 160 

10*598409 

10*013381 

18 10 

9*986619 

2 i 

51 

30 

38 

9*388461 

19 159 

10*611539 

9*401857 

19 169 

10*598143 

10*013397 

19 10 

9*986603 

22 

30 

10 

40 

9*388711 

20 167 

10*611289 

9*402124 

20 178 

10*597876 

10*013413 

20 11 

9*986587 

20 

50 

30 

42 

9*388961 

21 176 

10*611039 

9*402390 

21 1S7 

10*597610 

10*013429 

21 II 

9*986571 

18 

.-<0 

11 

44 

q* 38 o 21 T 

22 1 84 

10*610789 

9*402656 

22 196 

* 0*597344 

10*013445 

22 12 

9*986555 

10 

49 

30 

46 

9*389461 

23 192 

10*610539 

9*402922 

23 205 

10*597078 

10*013461 

23 12 

9*986539 

14 

30 

12 

48 

9*389711 

24 201 

10*610289 

9*403187 

24 214 

10-596813 

10*013477 

24 13 

9*986523 

1*2 

48 

30 

50 

9*389960 

25 209 

10*610040 

9-403453 

25 222 

10*596547 

10*013493 

25 13 

9*986507 

10 

31 ) 

13 , 

52 

Q*3q02IO 

26 2t8 

10*609790 

9*403718 

26 23 1 

10*596282 

10*013509 

26 14 

9*986491 

H 

47 

30 

5 ; 

9*390459 

27 227 

10*609541 

9*403983 

27 240 

10*596017 

10*013525 

27 14 

9*986475 

0 

30 

14 

50 

9*390708 

28 236 

10*609292 

9*404249 

28 249 

10*595751 

10*013541 

28 15 

9*986459 

4 

48 

30 

58 

9*390957 

29 244 

10*609043 

9*404514 

29 258 

io*59<;486 

10-013557 

29 15 

9*986443 

2 

:io 

15 

57 

9*391206 

30 251 

10*608794 

9*404778 

30 267 

10*595222 

10*013573 

.30 16 

9*986427 

3 

46 

30 

2 

9 * 39 H 54 

1 8 

10*608546 

9*405043 

1 9 

* 0*594957 

10*013589 

1 I 

9*98641 1 

58 

311 

18 


9*391703 

2 16 

10*608297 

9*405308 

2 17 

10*594692 

10*013605 

2 I 

9*986395 

50 

44 

30 

d 

9*391951 

3 25 

10*608049 

9-405572 

3 26 

10*594428 

10*013621 

3 2 

9*986379 

51 

311 

17 

8 

9*392199 

4 33 

10*607801 

9*405836 

* 35 

10*594164 

10*013637 

4 2 

9-986363 

5-2 

49 

30 

10 

9*392447 

5 41 

10*607553 

9*406100 

5 44 

10*593900 

10-013653 

5 3 

9-986347 

.10 

3(1 

18 

12 

9*392695 

6 49 

10*607305 

9*406364 

6 52 

10*593636 

10*013669 

6 3 

9*986331 

IS 

4 --> 

30 

14 

9*392943 

7 57 

10*607057 

9*406628 

7 61 

* 0*593372 

10*013685 

7 4 

9*986315 

40 

;i(i 

19 

10 

9*393191 

8 66 

10*606809 

9*406892 

8 70 

10*593108 

10*013701 

8.4 

9*986299 

44 

41 

30 

18 

9*393438 

9 74 

10*606362 

9*407155 

9 79 

*0*592845 

10*013718 

9 5 

9*986282 

4 > 

.'to 

20 

20 

9*393685 

10 82 

10*6063 * s 

.9*407419 

10 87 

10*5925X1 

10*013734 

10 5 

9*986266 

40 

10 

3 ‘> 

22 

9*393932 

11 90 

10*606088 

9*407682 

11 96 

10*592318 

10*013750 

11 6 

9’9862 50 

.-Jrt 


■21 

24 

9 ‘ 394>79 

12 98 

10*605821 

9*407945 

12 105 

10-592055 

10*013766 

12 6 

9*986234 

30 

90 

30 

20 

9*394426 

13 106 

10*605574 

9*408208 

13 114 

10*591792 

10*013782 

13 7 

9*986218 

31 

;$(> 

22 

28 

9*394673 

14 1 14 

10*605327 

9*408471 

14 122 

*0*591529 

10*013798 

14 8 

9*986202 

3-2 

98 

30 

30 

9 * 3949^9 

15 123 

10*605081 

9*408734 

15 131 

10*591266 

10*013814 

15 8 

9*986186 

30 

;(() 

23 

32 

9*395166 

16 T32 

10*604834 

9*408996 

16 140 

10*591004 

10*013831 

16 9 

9*986169 

*28 

37 

30 

34 

9 * 3954 T 2 

17 140 

10*604588 

9*409259 

17 149 

*0*590741 

10*013847 

17 9 

9*986153 

*20 

3(1 

24 

.30 

9*395658 

18 148 

10*604342 

9*409521 

18 157 

10*590479 

10*013863 

18 10 

9*986137 

21 

30 

30 

38 

9*395904 

19 156 

10*604096 

9*409783 

19 166 

10*590217 

10*013879 

19 10 

9*986121 

•2-2 

.'JO 

25 

40 

9*396150 

20 164 

10*603850 

9*410045 

20 175 

10*589955 

10*013896 

20 II 

9*986104 

*20 

95 

30 

42 

9*396395 

21 172 

10*603605 

9*410307 

21 184 

10*589693 

10*0:^3912 

21 II 

9*986088 

18 

:b) 

28 

44 

9*396641 

22 180 

10*603359 

9*410569 ' 

22 192 

10*589431 

10*013928 

22 12 

9*986072 

10 

34 

30 

40 

9*396886 

23 189 

10*603114 

9*410831 ' 

23 201 

10*589169 

10*013944 

23 12 

9-986056 

14 

30 

27 

48 

9*397132 

24 197 

10*602868 

9*411092 

24 210 

10*588908 

10*013961 

24 13 

9*986039 

12 

33 

30 

50 

9*397377 

25 205 

10*602623 

9*411353 

25 219 

10*588647 

10-013977 

25 13 

9*986023 

10 

30 

28 

.12 

9*397621 

26 213 

10*602379 

9*411615 

26 227 

10*588385 

10013993 

26 14 

9*986007 

8 

92 

30 

ryi 

9*397866 

27 221 

10*602134 

9*41 1876 

27 236 

10*588124 

10 014009 

27 15 

9*985991 

6 

.30 

29 

50 

9*398111 

28 229 

10*601889 

9*412137 

28 245 

10*587863 

10-014026 

28 15 

9*985974 

4 

91 

30 

58 

9*398355 

29 237 

10*601645 

9*412397 

29 254 

10*587603 

10*014042 

29 16 

9*985958 

2 

3)) 

30 


9*398600 

30 246 

10*601400 

9*412658 

30 262 

10*587342 

10*014058 

.10 1 6 

9*985942 

0 

90 

> ri 

m. 

i. 

Coeiiie 

Parts 

Secant 

(*ot.ang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 



.S" 2"' 




TABLE 68 


O’* 58 *" 


LOG. SINES, COSINES, &c. 


14 ^ 



30 

2*2 

36 

24 

30 

20 

37 

28 

30 

30 

36 

32 

30 

34 

39 

36 

30 

38 

40 

40 

30 

4*2 

41 

44 

30 

46 

42 

48 

30 

50 

43 

52 

30 

54 

44 

56 

30 

58 

45 

B9 


9*40127711 89 
9*40152012 96 
9*401762 13 104 
9*402005 14 1 12 
9*402247 15 120 
9*402489 16 129 
9*402731 17 137 
9*402972 18 445 
9*40321419 153 

9*403455 *6* 


9*40369721 169 
9*40393822 178 
9*40417923 186 
9*40442024 194 
9*404660 25 202 
9*404901 26 210 
9*405141 27 218 
9*405382 28 226 
9*405622 29 234 
9*40586230 242 


9*406102 1 8 

9*406341 2 16 
9*406581 3 24 
9*406820 4 32 
9*407060 5 40 
9*407299 6 48 
9*407538 7 55 
9*407777 8 63 
9*408015 9 71 
9*40825410 79 


9*40849211 87 
9*40873112 95 
9*408969 13 103 
9*40920714 III 
9*409445 15 118 
9*409682 16 126 
9*40992017 134 
9*410157 18 142 
9410395 19 150 
9*410632 20 158 
9*41086921 166 
9*41110622 174 
9*41134323 182 
9*41157924 190 
9*4x181625 198 
9*412052 26 206 
9*41228827 214 
9*41252428 222 
9*41276029 230 

9*412996 30 238 
Cosine Parts 


10*598723 

10*598480 

10*598238 

10*597995 

10*597753 

10-597511 

10*597269 

10*597028 

10*596786 

’0*596545 


110*596303 

10*596062 

10*595821 

’0*595580 

’0*595340 

10*595099 

10*594859 

10*594618 

*0*594378 

10*594138 


10*593898 

10*593659 

’0*593419 

10*593180 

10*592940 

10*592701 

10*592462 

10*592223 

’0*591985 

10-591746 


10-591508 

10-591269 

10*591031 

10*590793 

’0*590555 

10*590318 

10*590080 

10*589843 

10*589605 

10*589368 

10*589131 

10*588894 

10*588657 

10*588421 

10*588184 

10*587948 

10*587712 

10*587476 

10*587240 

10*587004 

Secant 


9*415516 

9*415775 

9*416034 

9*416293 

9 * 4 ’ 655 i 

9*416810 

9*417068 

9*417326 

9*417585 

9*41784^ 

9*418100 ' 

9*418358 

9*418616 

9*418873 

9*419130 

9 ' 4’9387 

9*419644 

9-419901 

9*420158 


9*420671 

1 8 

9*420927 

2 17 

9*421184 

3 25 

9*421440 

4 34 

9*421696 

5 42 

9*421952 

6 5 ’ 

9-422207 

7 59 

9422463 

8 68 

9*422718 

9 76 

9*422974 

10 85 

9*423229 

93 

9*423484 

12 102 

9 * 4^3739 

13 no 

9-423993 

14 119 

9*424248 

15 127 

9*424503 

16 136 

9*424757 

17 144 

9*42501 1 

18 .-53 

9-425265 

19 161 

9*425519 

20 170 

9*425773 

21 178 

9*426027 

22 187 1 

9*426281 

23 195.; 

9*426534 

24 204 ] 

9-426787 

25 212 ] 

9*427041 , 

26 220 : 

9*427294 

27 229 : 

9*427547 1 

28 237 I 

9*427800 

29 246 ] 

9*428052 

30 254 1 

Cotang. 

Parts 

7 ;V 


0*584484 

0*584225 

0*583966 

0*583707 

0-583449 

0-583190 

0*582932 

0*582674 

0*582415 

0*582158 

0*581900 

0*581642 

0*581384 

0*581127 

0*580870 

0*580613 

0*580356 

0*580099 

0*579842 

0 * 5795^5 

0*579329 

0*579073 

0*578816 

0*578560 

0*5783041 

0*578048 

0*577793 

0*577537 

0*577282 

0*577026 

0*576771 

0*576516 

0-576261 

0*576007 

0 * 57575 ^ 

0*575497 

0*575243 

0*574989 

0*574735 

0 * 5 744 ^’ 

0*574227 

0*573973 

0*573719 

0*573466 

0*573212 

0*572959 

0-572706 

0*572453 

0*572200 

o*S 7 i 9 4 >^ 

Tangent 


Secant 


10*014058 

10*014075 

10*014091 

10*014107 

10*014124 

10*014140 

10*014157 

10*014173 

10*014189 

10*014206 

10*014222 


10*014239 

10*014255 

10*014272 

10*014288 

10*014305 

10*014321 

10*014338 

10*014354 

10*014371 

10*014387 

10*014404 

10*014420 

10-014437 

10*014453 

10*014470 

10*014486 

10*014503 

10*014520 

10*014536 

’o*o ’4553 

10*014570 

10*014586 

10*014603 

10*014619 

10*014636 

10*014653 

10*014670 

10*014686 

10-014703 

10-014720 

10-014736 

10-014753 

10-014770 

10-014787 

10*014803 

10*014820 

10-014837 

10*014854 

10-014871 

10*014887 

10*014904 

10*014921 

10*014938 

10*014955 

10*014972 

10*014989 

10*015005 I 

10*015022 1 

10*015039 

10*015056 

Cosec. 


Parts Cosine 


9*985942 

r I 9*9^5925 

2 I 9*985909 

3 2 9*985893 

4 2 9*985876 

5 3 9*985860 

6 3 9-985843 

7 4 9-985**7 

8 4 9*985811 

9 5 9*985794 
19 5 9-985778 


11 6 9*985761 
14 7 9-985745 

13 7 9-9857*8 

14 8 9-985712 

15 8 9*985695 

16 9 9*985679 

17 9 9*985662 

18 10 9*985646 

19 10 9*985629 

20 II 9*985613 

21 12 9*985596 

22 12 9*985580 

23 13 9*985563 

24 13 9*985547 

25 14 9*985530 

2614 9*985S’4 
27 15 9*985497 
2815 9*985480 

29 16 9*985464 

30 16 9*985447 

1 I 9*985430 

2 I 9*985414 

3 2 9-985397 

4 2 9*985381 

5 3 9*985364 

6 3 9*985347 

7 4 9-985330 

8 4 9-985314 

9 5 9*985297 

10 6 9*985280 

11 6 9*98526^ 

12 7 9*985247 

13 7 9*985230 

14 8 9*985213 
16 8 9*985197 

16 9 9*985180 

17 10 9*985163 

18 10 9*985146 

19 u 9*985129 

20 j I 9*985113 

21 12 9-985096 

22 12 9*985079 

23 13 9*985062 

24 13 9*985045 

25 14 9*985028 

26 15 9*985011 

27 15 9*984995 

28 i6 9*984978 

29 16 9*984961 

30 17 9*984944 

Parts Sine 












TABLE 68 


LOG. SINES, COSINES, &c. 


9*412 

9*413232 L 8 
9*413467 2 16 
9*413703 3 23 
9*413938 4 31 
9*414173 5 39 
9*414408 6 47 
9*414643 7 55 
9*414878 8 62 
9*4x5112 9 70 

9*41534710 78 


9*41558111 86 
9*41581512 94 
9*416049 13 101 
9*416283 14 109 
9*416517 15 117 
9*416751 16 125 
9*41698417 133 
9*417217 18 140 

9*417451 10 '4* 

9*417684 20 156 
9*41791721 164 
9*41815022 171 
9*41838223 179 
9*41861524 187 
9*41884725 195 
9*41907926 203 
9*419312 27 210 
9*41954428 218 
9*41977629 226 
9*42000730 234 
9*420239 1 8 

9*420470 2 15 
9*420702 3 23 
9*420933 4 31 
9 421164 5 38 
9*421395 6 46 
9*421626 7 54 
9*421857 8 61 
9*422087 9 69 
9*42231810 77 
9*422548 11 85 
9*422778 12 92 
9*423008 13 100 
9*423238 14 108 
9*423468 15 115 
9*423697 16 123 
9*423927 17 131 
9*424156 18 138 
9*424386 19 146 
9*424615 20 153 
9*42484421 16 1 
9*42507322 169 
9*42530123 176 
9*42553024 184 
9*42575825 192 

9-4259»7 26 199 

9*42621527 207 
9*42644128 21$ 
9*426671 29 222 
9*426899 30 230 


•I Cosine Parts 


Cosec. 


10*587004 

10*586768 

10-586533 

10*586297 

10*586062 

10*585827 

10-58559* 

10-585357 

10*585122 

10*584888 

10*584653 


10*584419 
10*584185 
10*583951 
10*583717 
10*583483 
10*583249 
10*583016 
10*582783 
10*582549 
10*582316 
10*582083 
10*581850 
10*581618 
10*581385 
10*581153 
10*580921 1 
10*580088 
10*580456 
10*580224 

10*579993 1 

10*579761 

10*579530 

10*579298 

10*579067 

10*578836 

10*578605 

10*578374 

10*578143 

10*5779131 

10*577682 


10*577452 

10*577222 

10*576992 

10*576762 

10*576532 

10*576303 

10*576073 

10*575844 

10*575614 

10-575385 

10*575156 

10*574927 

10*574699 

10*574470 

10*574242 

10*574013 

10*573785 

10-573557 

10-573349 

110*573101 


Secant I 


Tangent 


9*428052 

9*428305 

9*428558 

9*428810 

9*429062 

9*429314 

9*429566 

9*429818 

9*430070 

9*430321 

9-430573 

9*430824 

9*431075 

9*431326 

9-431577 

9*431828 
9*432079 1 
9*432329 ] 
9*432580 1 
9*432830 ] 
9*433080 

9*433331 

9*433580 

9*433830 

9*434080 

9*434330 

9*434579 

9*434828 

9*435078 

9*435327 

9*435576 

9*435825 

9*436073 

9*436322 

9*436570 

9*436819 

9*437067 

9*437315 

9*437563 
9*437811 
_9:43_8 o 59 ' 

9*438306 1 

9*438554 ’ 

9*438801 1 
9*439048 ] 
9*439296 ] 

9*439543 ^ 
9*439790 1 
9*440036 1 
9*440283 1 
9*440529 i 


9*440776 5 
9*441022 5 
9*441268 ^ 
9-441514 ^ 
9*441760 { 
9*442006 i 
9*442252 J 

9*442497 5 

9*442743 S 
9*442988 i 


Cotang. I 


3 Cotang. 


10-571948 

3 10*571695 
7 10*571442 
; 10*571190 
t 10*570938 
i 10*570686 

> 10*570434 

> 10*570182 
r 10*569930 
; 10*569679 
L 10*569427 
i 10*569176 

> 10*568925 
I 10*568674 
’ 10*568423 

; 10*568172 
. 10*567921 
, 10*567671 

> 10*567420 
I 10*567170 

10*566920 
10-566669 
. 10*566420 
, 10*566170 
10*565920 
I 10*565670 
10*565421 
' 10*565172 
. 10*564922 

10*564673 

10*564424 

’10*564175 

' 10*563927 
: 10*563678 
10*563430 
10*563181 
10-562933 
10*562685 
' 10*562437 
. 10-562189 
10*561941 
10*561694 
10*561446 
10*561199 
10*560952 
10*560704 
10*560457 
10*560210 

10*559964 

10*559717 

10*559471 


10*559224 

10*558978 

10*558732 

10*558486 

10*558240 

10*557994 

10*557748 

10*557503 

10-557257 

10-557012 


Tangent 


Secant 

Parts 

10*01 5056 



10*015073 

1' 

I 

10*015090 

2 

1 

10*015107 

3 

2 

10*015124 

4 

2 

10*015141 j 

5 

3 

10*015158 

6 

3 

10*015175 

7 

4 

10*015192 

8 

5 

10*015209 

9 

S 

10*015226 

10 

6 

10*015243 

11 

6 

10*015260 

12 

7 

10*015277 

13 

7 

10*015294 

14 

8 

10*015311 

15 

9 

10*015328 

16 

9 

10*015345 

17 

10 

10*015362 

18 

10 

10*015380 

19 

11 

10*015397 

20 

II 

10*015414 

21 

12 

10*015451 

22 


10*015448 

23 

*3 

10*015465 

24 

H 

10*015482 

2.5 

14 

10*015500 

26 

*5 

10*015517 

27 


10*015534 

28 

16 

10*015551 

29 

17 

10*015568 

30 

17 

10*015586 

1 

I 

10*015603 

2 

1 

10015620 

.3 

2 

10*015637 

4 

2 

10*015655 

5 

3 

10*015672 

6 

3 

10*01 5689 

7 

4 

10*015706 

H 

5 

10*015724 

9 

5 

10*015741 

I 10 

6 

10*015758 

11 

6 

10*015776 

12 

7 

10*015793 

13 

8 

10*015810 

14 

8 

10*015828 

15 

9 

10*015845 

16 

9 

10*015863 

17 

10 

10*015880 

IR 

/o 

10*015897 

19 

1 1 

10*015915 

20 

12 

to*oi 5932 

21 

12 

10*015950 

22 

n 

10*015967 

23 

«3 

10*015985 

24 

14 

10*016002 

2.5 

*4 

10*016019 

26 

»5 

10*016037 

27 

16 

10*016054 

28 

j6 

10*016072 

29 

*7 

10*016089 

30 

IL 


Cosine 


9*984944 

9*984927 

9*984910 

9*984893 

9-984876 

9*984859 

9*984842 

9*984825 

9*984808 

9*984791 

9-984774 

9*984757 

9*984740 

9*984723 

9*984706 

9*984689 

9*984672 

9-984655 

9*984638 

9*984620 

9*984603 

9*984586 

9*984569 

9*984552 

9*984535 

9*984518 

9*984500 

9*984483 

9*984466 

9*984449 

9-984432 

9*984414 

9-984397 

9*984380 

9*984363 

9*984345 

9*984328 

9*984311 

9-984294 

9*984276 

9-9842 ^9 

9*984242 

9*984224 

9*984207 

9*984190 

9*984172 

9-984155 

9-984»37 

9*984120 

9*984103 

9*984085 


9*9X4068 

9*984050 

9*984033 

9*984015 

9*983998 

y'983981 

9*983963 

9*983946 

9*983928 

9*983911 















TABLE 68 


723 


Sine 


9-426899 *0*573101 

9-427127 l " 8 10-572873 

9'4^7354 2 15 IO--572646 

9*427582 3 a3 10-572418 

9*427809 4 30 10*572191 

30 10 9*428036 5 38 10*571964! 

33 1*2 9*428263 6 45 10*571737 

30 14 9*428490 7 53 10*571510 

34 10 9-428717 8 60 10*571283 

30 ; 18 9*428944 9 68 10*571056 

9*429170 10 75 10*570830 
9*4^939711 83 10*570603 
9*429623 12 90 10*570377 
9*42984913 98 10*570151 
943007514 105 10*569925 
bO 30 9*430301 15 1 13 10*569699 

38 32 9*430527 16 120 10*569473 

30 34 9*430752 17 128 10-569248 

39 30 9*43057818135 10-569022 

30 3H 9-43120319143 10-568797 

9-43 1429 20 15 1 10*568571 
9-43165421 158 10*568346 
9*43187922 166 10*568121 
9*43210423 173 10*567896 

9*43232924181 10*567671 
9*43255325 188 10*567447 
9*43277826 196 10*567222 
9-43300227203 10*566998 
9*43322628210 10*566774 
9*43345129217 10*566549 
9*433675 30 226 10*566325 


9*433^9^ 1 7 10*566102 

9*434122 2 15 10*565878 
9*434346 3 22 10-565654 
9*434569 * 30 10*565431 
9*434793 6 37 10*565207 
9*435016 6 44 10-564984 
9*435239 7 52 10-564761 
9*435462 8 59 10-564538 
9*435685 9 67 10-564315 
9*435908 10 74 10-564092 

1 9*43613111 8210-5^^ 

9*43635312 89 10*563647 
9*43657613 97 10*563424 
9*43679814 104 10*563202 
9*437020 15 111 10*562980 
9*43724216118 10*562758 
9*43746417 126 10-562536 
9*43768618133 10-562314 

9*43790819141 10*562092 
9*438129 20 148 10*561871 
30 42 9*43835121 156 10*561649 
^ 44 9*43857222163 10-561428 

30 46 9*43879323171 10-561207 
48 9*43901424 178 IO-5609S6 
30 ao 9*4392.3525185 10-560765 
58 52 9*43945626 192 10*560544 
M 54 94396772720010*560323 
» 06 9*43989728207 10*560103 
30 58 9*44011829215 10*559882 
- • 9*44033830222 io*<<;q662 


Tangent | Parts I 


9*982860 



















m 


TABLE 68 



LOG. SINES, COSINES, &c. 




9*457496 

9‘4S7735 

9*457973 

9*458211 

9-458449 

9*458687 

9*458925 

9*459163 

9*459400 

9*459638 



li 0*542504 

1 " 

J 110*542265 

2 1 

5 10*542027 

3 2. 

^ 10*541789 

4 3= 

10*541551 

5 3f 

10*541313 

6 4; 

10*541075 

7 55 

10*540837 

8 63 

10*540600 

9 71 

*0*540362 

10 79 

1 10*540125 

11 87 

10*539888 

12 95 

10*539651 

|l3 103 

*0-5394*4 

14 no 

10*539177 

15 118 

10*538940 

16 126 

10*538703 

17 134 

10*538467 


9*461770 18 14a 10*538230 
9*462006 19 150 10*537994 
9*46 2242 20 158 10*537758 
9*462478 21 166 10*^37522 
9*462715 22 174 10*537286 
9*462950 23 181 10*537050 
9*463186 24 189 10*536814 
9*463422 25 197 10*536578 
9*463658 26 205 10*536342 
9*463893 27 213 10*536107 
9*464128 28 221 10*535872 
9*464364 29 229 10*535636 
9*464599 30 237 10*535401 




17798 6 3 9*982202 


•01783s 7 4 9'982i65 


9*467179 
9-467413 
9*467647 
9*467880 
9*468114 
9*468347 
9*468581 
9*468814 : 
9*469047 j 
9*469280 4 
9*469513 1 
9*469746 1 
9*469979 5 
9*470211 5 
9*470444 5 
9*470676 S 
9*470909 5 

9*471141 2 
9*471373 2 

9*471^05 3 

Cota^g. 


S 10*532821 
j 10*532587 
1 10*532353 
) 10*532120 
j 10*531886 
^ 10*531653, 
i 10*5314191 
> 10*531186 
; 10*530953 110*018058 
I io*53072o [io*oi8o76 
10*530487 
10*530254 
10*530021 
10*529789 
10*529556 
10*529324 
10*529091 
10*528859 
io*5;i8627 
*0*528395 


11 79*982091 

12 7 9*982072 



















TABLE 68 


72A 


LOG. SINES, COSINES. &c. 


ll* S'" 16° 


m 

m 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

■7 // 

30 

30 

31 

30 

32 

30 

33 

30 

34 

30 

35 

0 

2 

4 

6 

B 

10 

a 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

7 

9*45334^ 

9'453555 

9*453768 

9*45398 » 
9-454194 

9-454407 

9-454619 

9454832 

9-455044 

9'455256 

9-455469 

1"' 7 

2 14 

3 21 

4 28 

5 35 

6 42 

7 49 

8 56 

9 63 

10 70 

11 78 

12 85 

13 92 

14 99 
16 106 

16 113 

17 120 

18 127 

19 134 

20 141 

21 148 

22 155 

23 162 

24 169 

25 176 

26 183 

27 190 

28 197 

29 204 

30 211 

10-546658 

10*546445 

10*546232 

10*546019 

10-545806 

*0*545593 

10-545381 

10*545168 

10*544956 

10*544744 

10*544531 

9*471605 

9*471837 

9*472069 

9*472300 

9*471532 

9*472763 

9-472995 

9*473226 

9*473457 

9*473688 

9*473919 

1" 8 

2 15 

3 23 

4 31 

5 38 

6 46 

y 54 

8 61 

9 69 

10 77 

11 84 

12 92 

13 100 

14 108 

15 115 

16 123 

17 131 

18 138 

19 146 

20 154 

21 i6i 

22 169 

23 177 

24 184 

25 192 

26 200 

27 207 

28 215 

29 223 

30 230 

10-528395 

10*528163 

10*527931 

10*527700 

10*527468 

10*527237 

10*527005 

10*526774 

10*526543 

10*526312 

10*526081 

10*018263 

10*018282 

10*018300 

10*018319 

10*018338 

10*018357 

10*018375 

10*018394 

10*018413 

10*018432 

10*018451 

V'l 

2 I 

3 2 

4 3 

5 3 

6 4 

7 4 

8 5 

9 6 
10 6 

11 7 

12 8 

13 8 

14 9 

15 9 

16 lo 

17 11 

18 II 

19 12 

20 13 

21 13 

22 14 

23 14 

24 15 

25 16 

26 16 

27 17 

28 18 

29 j 8 

30 19 

9-981737 

9*981718 

9-981700 

9*981681 

9-981662 

9-981643 

9*981625 

9*981606 

9*981587 

9*981568 

9-981549 


30 

30 

29 

30 

28 

30 

27 

30 

2G 

30 

25 

30 

36 

30 

37 

30 

38 

30 

39 

30 

40 

9-455681 

9*455893 

9*456104 

9-456316 

9-456528 

9*456739 

9-456951 

9-457162 

9*457373 

9*457584 

10*544319 

10*544107 

10*543896 

10*543684 

*0*543472 

10-543261 

10*543049 

10*542838 

10*542627 

10*542416 

9*474150 

9*474381 

9*474612 

9*474842 

9*475073 

9*475303 

9*475533 

9*475763 

9*475993 

9*476223 

10*525850 
10*525619 
10*525388 
10*525158 
10*524927 
10*524697 
10*524467 
10*524237 
10* 524007 
10*523777 

10*018469 

10*018488 

10-018507 

10*018526 

10*018545 

10*018564 

10*018583 

10*018601 

10*018620 

10*018639 

9-981531 

9-981512 

9-981493 

9-981474 

9*981455 

9-981436 

9*981417 

9*981399 

9-981380 

9*981361 


30 

24 

30 

23 

30 

22 

30 

21 

30 

20 

30 

41 

30 

42 

30 

43 

30 

44 

30 

45 

9*457795 

9-458006 

9-458217 

9*458427 

9*458638 

9-458848 

9-459058 

9-459268 

9*459478 

9-459688 

10*542205 

*0-54*994 

*0*541783 

*o*54>573 

10-541362 

10*541152 

*0*540942 

10*540732 

10-540522 

10-540312 

9*476453 

9*476683 

9*476913 

9*477142 

9-477372 

9*477601 

9*477830 

9*478059 

9*478288 

9*478517 

10*523547 

10*523317 

10*523087 

10*522858 

10*522628 

10*522399 

10*522170 

10*521941 

10*521712 

10*521483 

10018658 

10-018677 

10*018696 

10-018715 

10*018734 

10*018753 

10-018772 

10*018791 

10*018810 

10*018829 

9-981342 

9-981323 

9*981304 

9-981285 

9-981266 

9-981247 

9*981228 

9-981209 

9-981190 

9-981171 

30 

19 

30 

18 

30 

17 

30 

16 

30 

15 

30 

2 

9*459898 

1 7 

10*540102 

9*478746 

1 8 

10*521254 

10-018848 

1 1 

9-981152 

58 

30 

46 

4 

9*460108 

2 14 

10*539892 

9*478975 

2 15 

10*521025 

10-018867 

2 1 

9-981133 

50 

14 

30 

6 

9-460317 

3 21 

10*539683 

9-479203 

3 23 

10*520797 

io'oi8886 

3 2 

9-981114 

54 


47 

8 

9-460527 

4 28 

*0-539473 

9-479432 

4 30 

10*520568 

10*018905 

^ 3 

9-981095 

5*2 

Ri 

30 

10 

9*460736 

5 35 

10-539264 

9-479660 

5 38 

10*520340 

10*01 8924 

5 3 

9-981076 

50 

30 

48 

12 

9*460946 

6 42 

10*539054 

9*479889 

6 45 

10*52011 1 

10*018943 

6 4 

9*981057 

48 

12 

3i) 

U 

9*461155 

7 49 

10*538845 

9*4801 17 

7 53 

10*519883 

10*018961 

7 4 

9-981038 

40 

30 

49 

16 

9*461364 

8 56 

10*538636 

9*480345 

8 61 

10*519655 

10-018981 

8 5 

9-981019 



30 

18 

9*461573 

9 62 

10*538427 

9*480573 

9 68 

10*519427 

10*019000 

9 6 

9-9** loco 



50 

20 

9*461782 

10 69 

10*538218 

9*480801 

10 76 

10*519199 

10*019019 

10 6 

9-9801,81 



30 

22 

9*461990 

ll 76 

10*538010 

9-481029 

11 83 

10*518971 

10*019039 

11 7 

9-980961 


30 

51 

24 

9*462199 

i2 83 

10-537801 

9*48ii<;7 

12 91 

10*518743 

10*019058 

12 8 

9*980942 


9 

30 

26 

9-462407 

13 90 

10-537593 

9*481484 

13 99 

10*5185x6 

io*oigo77 

13 8 

9*980923 

El 

30 

52 

28 

9*462616 

97 

10-5373554 

9*481712 

14 ic6 

10*518288 

10-01 gcQO 

14 9 

9*980904 


8 

30 j 

30 

9*462824 

15 104 

10-537176 

9*481939 

15 114 

10*518061 

10*019115 

I 15 10 

9*980885 

30 

30 

53 

32 

9*463032 

16 111 

10*536968 

9*482167 

16 121 

10*517833 

10*0191341 16 10 19*980866 

28 

n 

30 

34 

9*463240 

17 118 

10*536760 

9*482394 

|17 129 

10*517606 

10*0191^3 

17 II 

9-980847 

*26 


54 

36 

9*463448 

18 125 

10*536552 

9*482621 

18 136 

10*517379 

10*019173 

18 12 

9*980827 

24 

mm 

30 

38 

9*463656 

19 132 

10*536344 

9*482848 

19 144- 

10*517152 

10*019102 1 19 12 

9*980808 

22 

M.IIO 

55 

40 

9*463864 

20 139 

10*536136 

9*483075 

20 152 

10*516925 

10*019211 

•?0i3 

9*980789 

20 

5 

30 

42 

9*464072 

21 146 

10*535928 

9*483302 

21 t59 

10*516698 

10*019230 

21 13^ 

9*980770 

18 

30 

56 

44 

9-464279 

22 153 

10*535721 

9-483529 

22 167 

10-516471 

10*019250 

22 14 

9*980750 

16 

4 

30 

46 

9-464486 

23 160 

10*535514 

9*483755 

23 174 

10*516245 

10*019269 

23 15 

9*980731 

14 

30 

57 

48 

9*464694 

24 167 

10-535306 

9-483982 { 

24 182 

10*516018 

10*019288 

24 15 

9*980712 

12 

3 

80 

50 

9*464901 

26 174 

10-535099 

9*484208 

25 189 

10*515792 

10*019307 

25 ]6 

9*980693 

10 

30 

58 

52 

9*465 108 

26 180 

10-534892 

9*484435 

26 197 

10*515565 

10*019327 

26 17 

9*980673 

8 

2 

30 

54 

9*4653*5 

27 187 

10-534685 

9*484661 

27 205 

io*5>5339 

10*019346 

27 17 

9-989654 

6 

30 

59 

56 

9*4.65 

28 194 

10-534478 

9*484887 

28 212 

10*515113 

10-019365 

28 18 

9*980635 

4 

1 

30 

58 

9-465729 

29 201 

10*534271 

9-485113 

29 220 

10*514887 

10*019384- 

29 19 

9-980616 

2 

30 

mm 

a 

9*465935 

30 208 

10-534065 

9*485339 

30 227 

10*514661 

10*019404 

30 19 

9*980596 

0 

0 


m. 

•» 

Cosine 

Parts 

1 

Secant 



Tangent 

Cosec. 

Parts 

Sine 

m. 

•• 



73° 4*’ 52"’ 
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TABLE 68 


LOG. SINES, COSINES, &c. 


[h Qm 170 


/ tf 

m. 

•• 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

* Cotang. 

Secant 

Parts 

Cosine 

in. 

r // 

0 

0 

9*465935 



*0*534065 

9*485337 


10*514661 

10*019404 


9*980596 

52 

60 

30 

2 

9*466142 

1 

' 7 

10-533858 

9*485565 

1 " 7 

! 10*5 14435 

10*019423 

1 '^ I 

9*980577 

68 

30 

1 

4 

9*466348 

2 

14 

10*533652 

9*485791 

2 15 10-514209 

10*019442 

2 1 

9*980558 

66 

69 

30 

6 

9-4665 c; 5 

3 

20 

* 0*533445 

9*486016 

3 22 

10-513984 

10*019462 

3 2 

9*980538 

64 

30 

0 

8 

9*466761 

4 

17 

* 0 * 533^39 

9*486242 

4 30 

10*513758 

10*019481 

4 3 

9-980519 

52 

68 

30 

10 

9*466967 

5 

34 

10*533033 

9*486467 

5 3 f 

10*513533 

10*019500 

5 3 

9-980500 

60 

30 

:i 

12 

9*467173 

6 

41 

10*532827 

9*486693 

6 45 

10*513307 

10*019520 

6 4 

9*980480 

48 

67 

:ii> 

14 

9*467379 

7 

48 

10*532621 

9*486918 

7 5 * 

10*513082 

10*019539 

7 5 

9*980461 

46 

30 

4 

16 

9-467 <;«<; 

8 

55 

10*532415 

9*487143 

8 60 

10*512857 

10*019558 

8 5 

9*980442 

44 

66 

30 

18 

9*467790 

9 

61 

10*532210 

9-487368 

9 67 

10*512632 

10*019578 

9 6 

9*980422 

42 

30 

5 

20 

9*467996 

10 

68 

10*532004 

9*487593 

10 75 

10*512407 

10*019597 

10 6 

9*980403 

40 

60 

30 

22 

9*468202 

11 

75 

10*531798 

9-487818 

11 82 

10*512182 

10*019617 

11 7 

9-980383 

38 

30 

6 

24 

9 468407 

12 

82 

* 0 * 53*593 

9*488043 

12 90 

10*511957 

10-019636 

12 8 

9-980364 

36 

64 

30 

26 

9-468612 

13 

89 

10*531388 

9 488268 

13 97 

10-511732 

10-019656 

13 8 

9-980344 

34 

30 

7 

28 

9*468817 

14 

96 

10*531183 

9*488492 

14 105 

10-511508 

10-019675 

14 9 

9980325 

32 

68 

30 

30 

9*469022 

15 

102 

10*530978 

9*488717 

15 112 

10-511283 

10-019694 

15 10 

9-980306 

30 

30 

/{ 

32 

9*469227 

16 

lOQ 

10*530773 

9*488941 

16 120 

10*511059 

10-019714 

16 10 

9*980286 

28 

52 

' 30 

34 

9*469432 

17 116 

10-530568 

0*480166 

17 127 

10*510834 

10-019733 

17 II 

9-980267 

26 

30 

a 

36 

9*469637 

18 

1^3 

10-530363 

9*489390 

18 13s 

10*510610 

10-019753 

18 12 

9*980247 

‘24 

61 

iO 

38 

9-469842 

19 

130 

io-^ 301<;8 

9*489614 

19 142 

10*510386 

ro-019772 

19 12 

9-980228 

22 

30 

10 

40 

9*470046 

20 

137 

10-529954 

9-489838 

20 150 

10*510162 

10*019792 

20 13 

1*980208 

20 

60 

30 

42 

9*470251 

21 

143 

10*529749 

9*490062 

21 157 

10*509938 

10*01981 1 

21 14 

9940189 

18 

30 

11 

44 

9*470455 

22 

150 

10*529545 

9*400286 

2*2 165 

10*509714 

10*01983 1 

22 14 

9*980 169 

16 

49 

30 

46 

9*470659 

23 

157 

10-529341 

9*490510 

23 172 

10*509490 

10*01983 1 

23 15 

9*980149 

14 

30 

12 

48 

9*470863 

24 

164 

10-529137 

9*490-33 

24 180 

10*509267 

10*019870 

24 16 

9*980130 

12 

48 

30 

50 

9*471067 

25 

171 

10-528933 

9-490957 

25 187 

10*509043 

10*019890 

25 16 

9 9801 10 

10 

30 

r.i 

52 

9*471271 

26 178 

10-528729 

9*491 180 

26 104 

10*508820 

10*019909 

26 17 

9 98009 I 

8 

47 

30 

54 

9*471475 

27 184 

10-528525 

9*49 '404 

27 202 

10*508596 

10*019929 

27 18 

9-980071 

6 

30 

14 

56 

9*471679 

28 

191 

10-528321 

9*491627 

28 209 

10*508373 

10-019948 

28 18 

9-980052 

4 

46 

30 

53 

9*471882 

29 

198 

10*528118 

9-491850 

29 217 

10*508150 

10*019968 

29 19 

9*980032 

2 

.<11 

15 

9 

9-472086 

30 205 

10-527914 

9-492073 

30 224 

10*507927 

10*019988 

30 19 

9-980012 

51 

4 .") 

30 

2 

9*472289 

1 

7 

10-527-11 

9*492296 

1 7 

10*507704 

10*020007 

1 I 

9’979993 

58 

3(1 

16 

4 

9*472492 

2 

13 

10-527508 

9-492519 

2 15 

10*507481 

10*020027 

2 1 

9 ‘ 9799'3 

56 

44 

30 

6 

9*472695 

3 

20 

10-527305 

9-492742 

3 22 

10*507258 

10-020046 

3 2 

9'979954 

51 

3 (» 

17 

8 

9*472898 

4 

27 

10-527102 

9-492965 

4 30 

10*507035 

10*020066 

4 3 

9‘979934 

52 

4 ;i 

30 

10 

9*473101 

5 

34 

10*526899 

9*493187 

5 37 

10*506813 

10-020086 

1 5 3 

9*979914 

50 

30 

18 

12 

9*473304 

6 

40 

lo* 526696 

9-493410 

6 44 

10*506590 

10*020105 

6 4 

9*979895 

48 

4-2 

30 

14 

9*473507 

7 

47 

10*526493 

9*49363^ 

7 52 

10*506368 

10*020125 

7 5 

9 * 979^75 

40 


10 

16 

9*473710 

8 

54 

10*526290 

i 9*493854 

1 » 59 

10*506146 

10 020145 

8 5 

9 * 979«55 

44 

41 

30 

18 

9*473912 

9 

61 

10-526088 

9-494077 

9 66 

10*505923 

10*020164 

9 6 

9-979836 

42 

30 

20 

20 

9*474115 

10 

67 

10-525885 

9-494299 

JO 74 

10*505701 

10-020184 

10 7 

9 * 979^^6 

40 

40 

30 

22 

9*474317 

11 

74 

10-525683 

9-494521 

11 81 

10*505479 

10*020204 

11 7 

9-979796 

38 

30 

21 

24 

9*474519 

12 

81 

10-525481 

9 '494 743 

12 89 

10*505257 

10-020224 

12 8 

9-979776 

30 

39 

30 

26 

9*474721 

13 

88 

10-525279 

9-494965 

13 96 

10*505035 

10*020243 

13 9 

9*979757 

34 

30 

22 

28 

9*474923 

14 

94 

10-525077 

9 ' 495‘86 

14 103 

10*504814 

10*020263 

14 9 

9*979737 

32 

38 

30 

80 

9*475125 

15 

lot 

10-524875 

9-495408 

15 HI 

10*504592 

10*020283 

15 10 

9-979717 

30 

30 

28 

32 

9*475327 

16 

108 

10-524673 

9-495630 

16 118 

10*504370 

10*020303 

16 1 1 

9*979697 

28 

37 

30 

34 

9*475529 

17 

115 

10-524471 

9 ‘ 49585 i 

17 126 

10*504149 

10*020322 

17 II 

9-979678 

20 

30 

24 

36 

9*475730 

19 

122 

10*524270 

9-496073 

|18 133 

10*503927 

10*020342 

IS 12 

9-979658 

24 

30 

30 

38 

9*475932 

19 

128 

10*524068 

9-496294 

19 140 

10*503706 

10*020362 

19 13 

9-979638 

22 

30 

25 

40 

9*476133 

20 

13s 

10-523867 

9-496515 

20 148 

10*503485 

10*020382 

20 13 

9-979618 

20 

35 

30 

42 

9*476335 

21 

141 

10-523665 

9-496736 

21 15s 

10*503264 

10*020402 

21 14 

9 * 97959 « 

18 

30 

26 

44 

9*476536 

22 

149 

10*523464 

9*496957 

22 163 

10*503043 

10*020421 

22 15 

9*979579 

16 

34 

30 

46 

9*476737 

23 

155 

10*523263 

9-497178 

23 170 

10*502822 

10*020441 

23 1 5 

9*979559 

14 

30 

27 

48 

9*476938 

24 

161 

10*523062 

9*497399 

24 177 

10*502601 

10*02046] 

24 16 

9 * 97943.9 

12 

33 

30 

50 

9*4771^9 

25 

x68 

10*522861 

9*497620 

25 185 

10*502380 

10*020481 

25 16 

9-979519 

10 

30 

28 

52 

9*477340 

26 

*75 

10-522660 

9*497841 

26 192 

10*502159 

q 

6 

i * 

0 

{JX 

0 

26 17 

9*979499 

8 

32 

30 

54 

9*477540 

27 

x8i 

10-522460 

9*498061 

27 200 

10*501939 

10*020521 

27 18 

9*979479 

0 

30 

29 

56 

9*477741 

28 

188 

10*522259 

9*498282 

|28 207 

10*501718 

10*020541 

28 18 

9*979459 

4 

31 

80 

68 

9*477941 

29 

*95 


9*498502 

129 214 

16*501498 

10*020561 

29 19 

9*979439 

2 

30 

80 


9*478142 

30 

Z02 




10*501278 

10*020580 

30 20 

9-979420 

0 

mi 

/ // 

1 

3 

Cosine 

Parts 

Secant 








ml 


72° 4^ SO"* 



TABLE 68 


727 


LOG. SINES, COSINES, &c. 


Sine Parts 

’ 9 *47 « 142 - 
9-478342 1 " 7 
9-478542 2 13 
9-478742 3 20 
9-478942 4 26 
9-479142 5 33 
9-479342 6 40 
9-479542 7 46 
9-479741 8 53 
9-479941 9 60 
9 - 480140 10 66 
9-48033911 73 

9-480539 12 80 
9-48073813 86 
9-48093714 93 
9-48113515 99 
9-48133416 106 
9-481533 17 113 
9-481731 18 119 
9-481930 19 126 
9-4821 28 20 132 
9-482327 21 139 
9-48252522 146 
9-48272323 152 
9-482921 24 159 
9*483 1 19 25 166 
9*48331626 172 
^9-48351427 179 
9-48371228 186 
9*48390929 192 
9-48410730 199 
9-484304 1 7 

9*484501 2 13 
9*484698 3 20 
9*484895 4 26 
9-485092 5 33 
9-485289 6 39 
9*485485 7 46 
9-485682 8 52 
9-485879 9 59 
9*486075 10 65 
9*486271 11 72 

9*486467 12 78 
9 * 486664 13 85 
9*48686014 91 
9*48705515 98 
9*487251 16 104 
9-48744717 III 
9*487643 18 1 17 
9*487838 19 124 
9-48803420 131 
9-48822921 137 
9*48842422 144 
9*48861923 150 
9-48881424 157 
9*48900925 163 
9*48920426 170 
9*48939927 176 
9*48959328 183 
9-48978829 189 

i 9 ‘489982 30 196 


Cosine 


Cosec. 
10*521858 
10-521658 
10*521458 
10-521258 
10-521058 
10*520858 
10*520658 
10*520458 
10*520259 
10*520059 
10-519 860 
10-519661 
10-519461 
10*519262 
10-519063 
10-518865 
10*518666 
10*518467 
10*518269 
10-518070 
10-517872 
10-517673 
10-517475 
10*517277 
ic*_5 17079 
10-516881 
10-516684 
10*516486 
10-516288 
10-516091 

10*5^5893 

10-515696 

10*515499 

10-515302 

10-515105 

10*514908 

10-514711 

10-514515 

10*514318 

10*514121 

^0*5139^5 

10*513729 

>0-513533 

10*513336 

10*513140 

10*512945 

10-512749 

>o* 5 >a 553 

10-512357 

10*512162 

10*511966 

10*511771 

10-511576 

10-511381 

10*511186 

10*51099] 

10*510796 

10*510601 

10*510407 

10*510212 

10*510018 


Tangent 

9-498722 

9-498943 

9-499163 

9-499383 

9-499603 

9 - 499822 < 

9-500042 
9*500262 
9*500481 
9 500701 
9*500920 
9*501140 
9 ‘ 5 oi 359 
9-501578 
9-501797 
9*502016 
9-502235 
9-502453 
9-502672 
9*502891 

9 * 503^09 

9-503328 

9-503546 

9-503764 

9-503982 

9-504200 

9*504418 

9*504636 

9-504854 

9 * 50507 * 

9 * 505*^9 

9-505507 

9-505724 

9-505941 

9-506159 

9-506376 

9-506593 

9-506810 

9-507027 

9*507243 

9-507460 

9-507677 

9*507893 

9-508110 
I 9-508326 
9-508542 
19-508759 
9-508975 
9-509191 
9*509407 
9*509622 

9*509838 

9*510054 

9*510269 

9-510485 

9-510700 

9*510916 

9*511131 

9-511346 

9*511561 

9-511776 


Cotang. 
0 - 50 x 278 
0*501057 
0*5008371 
0*500617 
0*500397 
0*500178 
0*499958 
0*^99738 
0-499519 
0-499209 
c -499080 
0-498860 
0*498641 
0-498422 
0*498203 
0-497984 

0-497765 

0*497547 

0-497328 
0-497109 
^•496891 
0-496672 
0*496454 
0*496236 
0-496018 
0*495800 
0-495582 
0-495364 
0-495146 
0-494928 
0*4947 > I 
0*494493 
0*494276 

0*494059 

0*493841 

0-493624 

0-493407 

0-493190 

0-492973 

0*492757 

0*492540 

0-492323 

0-492107 

0-491890 

0-491674 

0-491458 

0*491241 

0*491025 

p* 49 oSo 9 

0-490593 

0-490378 

0*490162 

0-489946 

0-489731 

0*489515 

0-489300 

0*489084 

0*488869 

0*488654 

0*488439 

0-488224 


Tangent 


10*020580 

10*020600 

10*020620 

10*020640 

10*020660 

I( 3 - 02 o 6 Xo 

10*020700 

10*020720 

10*020740 

10-020760 

10-020780 

10-020800 

10*020820 

10*020840 

10*020860 

10*020880 

10*020900 

10-020921 

10-020941 

10*020961 

10*020981 i 

10-021001 

10*021021 

10*021041 

10*021061 

10-021082 

10-021102 

10-021122 

10*021142 

10*021162 

10-021183 

10-021203 

10*021223 

10*021243 

10*021263 

10-021284 

10-021304 

10*021324 

10-021345 

10*021365 

10*021385 

10-021406 

10*021426 

10*021446 

10*021467 

10*021487 

10-021507 

10*021528 

10-021548 

10*021569 

10*021589 


10*021609 

10*021630 

10*021650 

10*021671 

10*021691 

10*021712 

10*021732 

10*021753 

10*021773 

10*021794 


I Cosec. 


Parts Cosine ' 
9 979420 I 
1'' I 9*979400 

2 1 9-979380 

3 2 9-979360 

4 3 9*979340 

5 3 9*979320 

6 4 9-979300 

7 5 9*979280 

8 5 9*979260 

9 6 9*979240 

10 7 9*979220 

11 7 9*979200 

12 8 9*979180 

13 9 9*979160 

14 9 9*979*40 

15 10 9*979120 

16 II 9*979100 

17 II 9*979079 

18 12 9*979059 

19 13 9*979039 
I 20 1 3 r9790i9 

21 14 9*978999 
2215 9*978979 
2315 9 978959 

24 16 9-97X939 

25 17 0*978918 

26 17 9 978898 

27 18 9-97X878 

28 19 9*978858 

29 19 9*978838 

30 20 9-9“XXi7 

1 I 9*978797 

2 I 9*978777 

3 2 9*978757 
♦ 3 9*978737 

5 3 9*978716 

6 4 9*978696 

7 5 9*978676 

8 5 9*978655 

9 6 9*978635 

10 7 9*978615 

11 7 9-978594 

12 8 9*978574 

13 9 9*978554 

14 10 9*978533 

15 10 9*978513 

16 II 9*978493 

17 12 9*978472 

18 12 9-978452 

19 13 9*978431 

20 14 9-978411 

21 14 9 * 97839 > 

22 15 9*978370 

23 16 9*978350 

24 16 9*9783*9 

25 17 9*978309 

26 18 9*978288* 

27 18 9*978268 
3819 9*978247 
2920 9*978227 
30 20 9*978206 


S C 3 ^ ce 
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TABLE 68 


* Sine Parts 

9-489982 

i 9*490177 1" 6 
9-490371 2 13 

9-490565 3 19 

9-490759 4 26 
9-490953 5 32 
9-49 1 147 6 39 
9*491341 7 45 
9-491535 8 51 
9-491728 9 58 
9-491922 10 64 
9*49211511 71 
9-49230812 77 
9-492502 13 84 
9*49269514 90 
9*492888 15 96 
9*493081 16 103 
9*493^73 *7 109 
9-493466 18 116 
9-493659 19 122 

9*4938 51 ‘^0 

9-49404421 135 
9-49423622 142 
9-49442823 148 
9-49462124 155 
9-49481325 16 1 
9-49500526 168 
9-49519627 174 
9*495388 28 180 
9-49558029 186 
9*49577^30 193 
9-495963 1 6 

9-496154 2 13 

9-496346 3 19 

9-496537 4 25 
9-496728 5 32 
9-496919 6 38 
9-497 1 10 7 44 
9-497301 8 51 
9-497492 9 57 
9-4976 82 10 63 

9*497873" 70 

9-498064 12 76 
9-49825413 821 
9-498444 14 89 

9-49863415 95 
9*498825 16 loi 
9*499015 17 108 
9*49920418 114 
9*499394^9 
9*499 584 <^ 1*7 
9*49977421 >33 
9*499963 22 140 
9-50015323 146 
9*50034224 152 
9*500531 26 159 
9*50072^211 165 
9*50091027 171 
9*50109928 178 
9*50128829 184 
9*501476 3 0 190 

Cosine Parts 


Cosec, 

10*510018 

10*509823 

10*509629 

>0*509435 

10*509241 
lo- 509<347 
10-508853 
10*508659 
10-508465 
10*508272 
10-508078 
10-507885 
10-507692 
10*507498 
10-507305 
10-507112 
10*506919 
10*506727 
>0-506534 
10*506341 
10*506149 
10-505956 
10-505764 
10*505572 
10-505379 
10*505187 
10-504995 
10*504804 
10*504612 
10-504420 
10*504228 
10*504037 
10-503846 
10-503654 
10-503463 
10*503272 
10*503081 
10*502890 
10*502699 
10- 502508 
10*502318 
10*502127 
10*501936 
10-501746 
10*501556 
10*501366 
10-501175 
10*500985 
10-500796 
10*500606 
10*500416 
10*500226 
10*500037 
10*499847 
10-499658 
10*499469 
10-499279 
10*499090 
10*498901 
10-498712 
10*498524 

Secant 


LOG. SINES, COSINES, See 
18 ^ " 
i Tangent I Parts I Cotang. 1 


Tangent 

9*5 >>776 
9-511991 
9-512206 
9-512420 
9 ' 5 I 2635 
9-512850 

9 ' 5 > 3 o 64 

9-513278 

9’5>3493 

9-513707 

9‘5>39^> 

9*5>4>35 

9*514349 

9-514563 

9*514777 

9*514990 

9-515204 

9*5>54i7 

9-515631 

9-515844 

9*5>6o57 

9*516271 

9*516484 

9-516697 

9*516910 

9*517123 

9*5>7335 

9*517548 

9*517761 

9*517973 

9-518186 

9*518398 “ 

9-518610 

9*518822 

9-519034 

9*519246 

9*519458 

9-519670 
9-519882 
9-520094 
9-520305 1 
9-520517 1 
9-520728 1 
9-520939 1 
9-521151 1 
9-521362 1 

9*52>573 1 
9*521784 1 
9-521995 1 
9-522206 1 

9*5^^417 2 

9-522627 2 
9-522838 2 
9-523048 2 
9-523259 2 
9-523469 2 
9-523680 2 
9*523890 S 
9*524100 2 
9-514310 s 
9-514510 i 

Cotang. 


Cotang. 

Secant 

10*488224 

10*488009 

>0*487794 

10*487580 

10*487365 

10*487150 

10*486936 

10-486722 

10*486507 

10*486293 

10*486079 

10*021794 

10*021814 

10*021835 

10*021855 

10*021876 

10*021896 

10*021917 

10*021938 

10*021958 

10-021979 

10*021999 

10*485865 

10*485651 

10*485437 

10-485223 

10-485010 

10-484796 

10-484583 

10-484369 

10-484156 

10-483943 

10-022020 

10*022041 

10‘02206i 

10*022082 

10*022103 

10*022123 

10*022144 

10*022165 

10*022185 

10*022206 

10-483729 

10-483516 

10-483303 

10*483090 

10*482877 

10*482665 

10*482452 

10*482239 

10*482027 

io‘48<8i4 

10*022217 

10*022248 

10*022268 

10-022289 

10*022310 

10*022331 

10*022352 

10*022372 

10-022393 

10*022414 

10*481602 
10*481390 
10-481178 
10*480966 
10*480754 
10*480542 
10*480330 
10-4801 18 
10*479906 
10-479695 

10*022435 
10 022456 
10-022476 
10*022497 
10*022518 
10*022539 
10*022560 
10-022581 

IO-C2 ’602 

10-022623 

10-479483 

10-479272 

10-479061 

10-478849 

10*478638 

10-478427 

10*478216 

10*478005 

10-477794 

10-477583 

10-022644 

10*022665 

10-022686 

10*022707 

10-022728 

10*022749 

10*022770 

10*022791 

10*022812 

10*022833 

10-477373 

10*477162 
10-476952 
10-476741 
10-476531 
10*476320 
10*4761 10 
10*475900 
10*47^690 
10-475480 

10*022854 

10*022875 

10*022896 

10*022917 

10*022938 

10*022959 

10*022980 

10*023001 

10*023022 

110-023043 


Tangent 


Cosine 

9*978206 

9*978186 

9*978165 

9-978145 

9-978124 

9*978104 

9-978083 

9*978062 

9-978042 

9*978021 

9*978001 

9*977980 

9*977959 

9*977939 

9*977918 

9*977897 

9*977877 

9*977856 

9'977835 

9*977815 

9*977794 

9-977773 

9-977752 

9*977732 

9*977711 

9*977690 

9*977669 

9*977648 

9*977628 

9*977607 

9*97758 6 1 

9*977565 

9*977544 

9*97755>4 

9*977503 

9-977482 

9-977461 

9*977440 

9-977419 

9-977398 

^*977377 

?’977356 

?*977335 

9*9773J4 

9*977293 

9-977272 

9-977251 

^•977230 

9*977209 

9-977188 

9*977167 

9*977>46 

?‘977>2S 

9-977104 

9*977083 

9*977062 

9*97704> 

9-977020 

9*976999 

9-976978 

^•976957 

Sine I 




TABLE 68 


7*Z9 


1 LOG. SINES, COSINES, &c. j 



14 '» 




18 ® 







t n 

m 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/ // 

30 

0 

9*501476 


10*498524 

9*524520 


10*475480 

10-023043 


9*976957 

46 

30 

30 

1 

9*501665 

1" 6 

10*498335 

9*524730 

1 " 7 

10-475270 

10*023065 

l" 1 

9-976935 

hH 

30 

31 

4 

9*501854 

2 12 

10*498 146 

9*5249^0 

2 14 

10*475060 

10*023086 

2 I 

9-976914 

56 

29 

30 

6 

9*502042 

3 19 

10-497958 

9*5^5149 

3 21 

10-474851 

10*023107 

3 2 

9-976893 

54 

30 

32 

8 

9*502231 

4 25 

10-497769 

9 * 5^53591 

4 28 

10-474641 

10-023128 

4 3 

9*976872 

32 

28 

30 

10 

9*502419 

5 31 

10-497581 

9*525568 

5 35 

10-474432 

10-023149 

5 4 

9*976851 

50 

30 - 

33 

12 

9*502607 

6 37 

10*497393 

9*525778 

6 42 

10*474222 

10*023170 

6 4 

9*976830 

48 

27 

30 

14 

9*50279^ 

7 44 

10*497204 

9*525987 

7 49 

10-474013 

10*023192 

7 S 

9*976808 

46 

30 

34 

16 

9-502984 

8 50 

10*497016 

9*526197 

8 56 

10-473803 

10*023213 

8 6 

9*976787 

44 

26 

30 

18 

9*503172 

9 56 

10*496828 

9*526406 

9 63 

* 0*473594 

10-023234 

9 6 

9*976766 

42 

30 

35 

20 

9*503360 

10 62 

10*496640 

9*526615 

10 70 

*0*473385 

10*023255 

10 7 

9*976745 

40 

25 

30 

22 

9*503548 

11 69 

10*496452 

9*526824 

11 77 

10-473176 

10*023277 

11 8 

9*976723 

38 

30 

36 

24 

9*503735 

12 75 

10-496265 

9*527033 

12 84 

10-472967 

10-023298 

12 9 

9*976702 

36 

24 

30 

26 

9*503923 

13 81 

10*496077 

9*527242 

13 90 

*0*472758 

10-023319 

13 9 

9*976681 

34 

30 

37 

28 

9*504110 

14 87 

10*495890 

9*527451 

14 97 

10-472549 

10*023340 

14 10 

9*976660 

3-2 

23 

30 

30 

9-504298 

15 94 

10*495702 

9*527660 

15 104 

10*472340 

10-023362 

15 11 

9-976638 

30 

30 

38 

32 

9-504485 

16 100 

10*495515 

9*527868 

16 III 

10*472122 

10*023383 

16 11 

9*976617 

•28 

22 

30 

34 

9-504673 

17 106 

10*495327 

9*528077 

17 118 

10*471923 

10-023404 

17 12 

9-976596 

26 

30 

3 !J 

30 

9*504X60 

18 112 

10*495140 

9*528285 

18 125 

10-471715 

10*023426 

18 13 

9*976574 

24 

21 

30 

38 

9*505047 

19 II9 

* 0*494953 

9*528494 

19 132 

10-471506 

q 

0’ 

$ 

19 13 

9*976553 

22 

30 

40 

40 

9*505234 

20 125 

10*494766 

9-528702 

20 139 

10*471298 

:o*023468 

20 14 

9-976532 

20 

20 

30 

42 

9-505421 

21 131 

10*494579 

9*528910 

21 146 

10-47 !C90 

10*023490 

21 15 

9*976510 

18 

30 

41 

44 

9-505608 

22 137 

10*494392 

9-529119 

22 I < 5-1 

10-470881 

10*023511 

22 16 

9*976489 

16 

19 

30 

46 

9*505794 

23 144 

10*494206 

9*529327 

23 160 

10*470673 

10*023532 

23 16 

9-976468 

14 

30 

42 

48 

9-505981 

24 150 

10*494019 

9-529535 

24 167 

10-470465 

10-023554 

24 17 

9-976446 

12 

18 

so 

ao 

9*506168 

25 156 

10*493832 

9*529743 

25 174 

10-470257 

10-023575 

25 18 

9*976425 

10 

30 

43 

32 

9*506354 

26 162 

10*493646 

9*529951 

26 iSl 

10*470049 

10-023596 

26 ig 

9*976404 

8 

17 

30 < 

34 

9-506541 

27 169 

10*493459 

9*530158 

27 188 

10-469842 

10*023618 

2719 

9-976382 

6 

30 

44 

36 

9*506727 

28 175 

10*493273 

9*530366 

28 195 

10*469634 

10-023639 

28 20 

9*976361 

4 

16 

30 

38 

9*506913 

29 181 

10*493087 

9*530574 

29 202 

10-469426 

10*023661 

29 21 

9*976339 

2 

30 

45 

IS 

9*507099 

30 187 

10*492901 

9-530781 

30 209 

10*469219 

10*023682 

30 21 

9*976318 

45 

15 

30 

2 

9-507285 

1 6 

10*492715 

9-530989 

1 ‘ 7 

10*469011 

10*023704 

1 I 

9-976296 

58 

30 

46 

4 

9-507471 

2 12 

10*492529 

9*531196 

! 2 14 

10-468804 

10-023725 

2 1 

9*976275 

36 

14 

30 

6 

9*507657 

3 ig 

10*492343 

9-53*403 

3 21 

10-468597 

10-023746 

3 2 

9-976254 

54 

HI 

47 

8 

9*507843 

4 25 

10*492157 

9*531611 

4 28 

10-468389 

10-023768 

4 3 

9*976232 

52 

13 

30 

10 

9*508028 

5 31 

10*491972 

9*53*818 

5 34 

10-468182 

10*023789 

5 4 

9*976211 

50 

30 

18 

12 

9-508214 

6 37 

10*491786 

9*532025 

6 41 

*0-467975 

10-023811 

6 4 

9-976189 

48 

12 

30 

14 

9*508400 

7 43 

10*491600 

9*532232 

7 48 

10*467768 

10*023832 

7 5 

9*976168 

46 

30 

40 

! 16 

9*508585 

8 49 

10*491415 

9*532439 

8 55 

10-467561 

10-023854 

8 6 

9-976146 

44 

11 

30 

18 

9*508770 

» 55 

10*491230 

9*532646 

9 62 

10-467354 

10*023875 

9 6 

9-976125 

42 

30 

50 

20 

9*508956 

10 62 

10*491044 

?; 5 _ 3^853 

10 69 

10-467147 

10-023897 

10 7 

9*976103 

40 

10 

30 

22 

9*509141 

68 

10*490859 

9*533059 

11 76 

10-466941 

10-023919 

11 8 

9*976081 

38 

30 

51 

24 

9*509326 

12 74 

10*490674 

9-533266 

12 83 

10-466734 

10-023940 

12 9 

9*976060 

36 

0 

30 

26 

9*509511 

13 80 

10*490489 

9-533472 

13^89 

10-466528 

10*023962 

13 9 

9*976038 

34 

30 

52 

28 

9*509696 

14 86 

10*490304 

9*533679 

14 96 

10-466321 

10-023983 

1 14 10 

9*976017 

32 

8 

30 

30 

9.509880 

15 92 

10*490120 

9-533885 

15 103 

10*466115 

10-024005 

15 11 

9*975995 

30 

30 

53 

32 

9*510065 

16 99 

10*489935 

9*534092 

16 110 

10*465908 

10-024026 

16 12 

9*975974 

28 

7 

30 

34 

9*510250 

17 105 

10*489750 

9*534298 

17 117 

10-465702 

10-024048 

17 12 

9-975952 

26 

30 

54 

36 

9*510434 

18 III 

10*489566 

i 9*534504 

18 124 

10-465496 

10*024070 

; 18 13 

9*975930 

24 

6 

30 

38 

9*510619 

19 117 

10*489381 

9*534710 

19 131 

10-465290 

10-024091 

1914 

9975909 

22 

30 

il 

40 

9*510803 

20 123 

10*489197 

9 * 5349*6 

20 138 

10-465084 

10*0241 13 

20 14 

9*975887 

20 

5 

30 

42 

9*510987 

21 129 

10*489013 

9 * 535*22 

21 144 

10*464878 

10-024135 

21 15 

9*975865 

18 

Bl 

56 

44 

9*511172 

22 135 

10*488828 

9*535328 

22 15 1 

10-464672 

10-024156 

22 16 

9-975844 

16 

4 

30 

46 

9*511356 

23 142 

10*488644 

9*535534 

23 158 

10-464466 

10-024178 

23 17 

9*975822 

14 

30 

57 

48 

9-511540 

24 148 

10*488460 

9*535739 

24 165 

10-464261 

10-024200 

24 17 

9-975800 

12 

3 

30 

30 

9*511724 

25 154 

10*488276 

9*535945 

25 172 

10-464055 

p 

b 

25 18 

9*975779 

10 

30 

58 

82 

9*511907 

26 i6a|| 

10*488093 

9*536150 

26 178 

10-463850 

10*024243 

26 19 

9*975757 

8 

2 

30 

34 

9*512091 

27 x66 

10*487909 

9*536356 

27 186 

10*463644 

10*024265 

27 19 

9*975735 

6 

30 

59 

30 

9*512275 

28 172 

10*487725 

9*536561 

28 193 

10-463439 

10*024286 

28 20 

9 * 9757 J 4 

4 

1 

30 

58 

9*512458 

29 179 

10*487542 

9*536767 

29 200 

10-463233 

10*024308 

29 21 

9*975692 

2 

30 

60 


9*5x2642 

30 185 

10*487358 

9*536972 

30 206 

10*463028 

10*024330 

30^2 

9-975670 

0 

0 

Hr 

m. 

a. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

/ // 


71 ® . 4 *’ 44 "’ 











730 


TABLE 68 


/ If 

m. 

0 

0 

30 

2 

1 

4 

30 

6 

2 

6 

* 30 

10 ^ 

3 

12 

30 

14 9 

4 

16 5 

30 

18 (j 

5 

20 ( 

30 

22 

G 

24 

30 

2 Q 

7 

2 S r 

30 

30 

H 

32 

.;»o 

34 

i ) 

36 

.30 

38 

10 

40 

30 

42 

11 

44 

30 

46 

12 

48 

30 

50 

13 

52 

30 

54 

14 

56 

30 

58 

15 

17 

30 

2 

16 

4 

I 30 

0 S 


8 5 

30 

10 s 

18 

12 ^ 

30 

14 c 

19 

16 < 

30 

18 c 

20 

20 c 

30 

22 C 

21 

24 c 

*30 

26 C 

22 

28 

30 

30 

23 

32 

30 

34 

24 

36 

30 

38 

25 

40 

30 

42 

26 

44 

30 

46 

27 

48 

30 

50 

28 

52 

30 

54 

29 

56 

30 

58 

30 



Sine Parts 
9* 5 12642! 
9-512825 1" 6 
9*513009 2 12 

9 5 13 192 3 18 

9*513375 4 24 
9 513558 5 30 
9-513741 6 36 
9*513924 7 43 
9*514107 8 49 
9*514289 9 55 
9*514472 10 61 
9*51465511 67 

9-51483712 73 

9*5150*9^3 79 
9 515202 14 85 
9*51538415 91 
9*51556616 97 
9*515748 17 103 
95*5930 18 109 
9-516112 19115 
9*51629420 12 1 
9*51647521 127 
9*51665722 134 
9*51683823 140 
9*51702024 146 
9*517201 25 152 
9*517382 26 I 58 

9-51756427 164 
9*5x774528 170 
9*51792629 176 
9*518107 30 182 
9*518287 1 6 

9*518468 2 12 

9*518649 3 18 

9-518829 4 24 
9-519010 6 30 

9-519190 6 36 
9*5*937* 7 4* 
9*5*955* 8 48 
9*5*973* 9 54 
9*51991 1 10 60 

9*520091 11 66 

9*520271 12 72 
9*520451 13 78 

9*520631 14 84 


Cosec. 
*0*487358 
10*487175 
10*486991 
10*486808 
10*486625 
10*486442 
10*486259 
10*486076 
10*485893 
10*485711 
10*485528 
10*485345 
10-485 163 
10*484981 
10-484798 
10*4846 16 
10*484434 
10*484252 
10*484070 
10*483888 
10*483706 

*0*483525 

10*483343 
10*483 162 
10-482980 
10*482799 
10*482618 
10*482436 
10*482255 
10-482074 
10*481893 
10*481713 
10*481532 
10-481351 
10*481 171 
10*480990 
10*480810 
10*480629 
10*480449 
10*480269 
10*480089 
10*479909 
10*479729 
10*479549 
10*479^69 
[10*479190 
10*479010 
10*478831 
10*478651 
10*478472 
10*478293 
10*478113 

10*477934 

10*477755 

10*4775761 

10-477398 

10*477219, 

10*477040 

10*476862 

10*476683 

10*476505 


Secant 


LOG. SINES, COSINES, &c. 
19^ 

I Tangent I Parts I Cotang. I 


Tangent 

9*536972 

9*537177 

9*537382 

9*537587 

9*537792 

9 ’ S 37997 

9*538202 

9-538406 

9-538611 

9*538816 

9*539020 

9*539224 

9-539429 

9*539633 

9*539837 

9*540041 

9*540245 

9*540449 

0-540653 

9-540857 

9-54.1061 

9*541264 

9*541468 

9*541671 

9*541875 

9*542078 

9*542281 

9-542485 

9-542688 

9-542891 

9-543094 

9-543297 

9*543499 

9-543702 

9543905 

9*544107 

9*544310 

9*544512 

9*544715 

9*544917 

9 *545119 

9*545322 

9*545524 

9*545726 

9*545928 

9*546129 

9*546331 

9*546533 

9*546735 

9*546936 

9*547138 

9*547339 

9*547540 

9*547742 

9*547943 

9*548144 
9*548345 
9*548546 
I 9*548747 

9 * 548948 

I 9*549149 


C 


Cotang. 
10*463028 
10*462823 
10*462618 
10*462413 
10*462208 
10*462003 
10*461798 
10*461594 
10*461389 
10*461184 
10*460980 
10*460776 
10*46057 1 
10*460367 
10*460163 

10*459959 

iO‘459755 
10*45955 ‘ 
10*459347 
10*459 '43 
10-45 8939 
10-458736 
10-458532 
10*458329 
10*458125 
10*457922 
10*457719 

10*457515 
10*457312 
10*457109 
10*456906 
* io-4'56703 
10-456501 
10 456298 
10*456095 

10*455893 

10*455690 
10*45 5488 
10*455285 
10*455083 
10*454881 
10*454678 
10*454476 

10*454274 

10*454072 
10*453871 
10*453669 
10*453467 
io*453z65 
10*453064 
10*452862 
10*452661 
10*452460 
; 10*452258 
^ 10*452057 
I 10*451856 
; 10*451655 
' 10*451454 
; 10*451253 
; 10*451052 


10*024330 
10*024352 
10*024373 
10*024395 
10*024417 
10*024439 
10*024461 
10*024482 
10*024504 
10*024526 
10*024548 
10*024570 
10-024592 
10*024614 
10-024635 
10-024657 
10-024679 
10-024701 
10*024723 
10*024745 
10-024767 
10*024789 
10-0248 1 1 
10*024833 
10*024855 
10*024877 
10-024899 
10*024921 
10*024943 
10*024965 
10*024987 
10*025009 
10*025031 
10*025053 
10-025075 
10*025098 
10*025120 
10-025142 
10*025164 
10-025 186 
10*025208 
10*025230 
10*025252 
10*025275 
10*025297 
10*0253 19 
10*025341 
10*025364 
10*025386 
10*025408 
10*025430 
10*025453 
10*025475 
10*025497 1 
10*025519 
10*025^42 
10*025564 
10*025586 
10*025609 
10*025631 
10*02' 


Parts 

Cosine 

m. 

•. 

/ II 



9*975670 

44 

60 

1'^ 

1 

9*975648 

58 

30 

2 

1 

9975627 

56 

69 

3 

2 

9-975605 

54 

30 

4 

3 

9*975583 

52 

68 

5 

4 

9-975561 

50 

30 

6 

4 

9*975539 

48 

67 

7 

5 

9*9755*8 

46 

30 

8 

6 

9*975496 

44 

56 

9 

7 

9*97547.4 

42 

30 

10 

7 

9*97545^ 

40 

55 

11 

8 

9*975430 

38 

30 

12 

9 

9*975408 

36 

64 

13 

9 

9*975386 

34 

3C 


Tangent I Cosec. 


14 10 9*975365 32 

15 II 9*975343 30 

16 12 9*975321 28 

17 12 9*975199 26 

18 13 9*975177 24 

19 14 9*975255 22 
‘-^0 1 5 9 ' 975 i 33 20 

21 15 9*975211 18 

22 16 9*975189 16 

23 17 9*975167 14 

24189-975145 12 

25 18 9*975123 10 

26 19 9*975101 8 

27 20 9*975079 6 

28 20 9*975057 4 

29 21 9*97.5035 2 

30 22 9*975013 43 

1 I 9 * 97499 * 58 

2 I 9*974969 56 

3 2 9 '974947 54 

4 3 9*974925 52 

5 4 9*974903 50 

6 4 9*974880 48 

7 5 9*974858 46 

8 6 9*974836 14 

9 7 9*974814 4-2 

10 7 9-974792 40 

11 8 ^ 9*974770 38 

12 9 9*974748 36 

13 10 9*974715 34 

14 10 9*974703 3*2 
15 rfl 9*974681 30 

16 12 9*974659 28 

17 13 9 ’ 974636 *26 

1813 9*974614 24 

19 14 9*974592 22 

20 1 5 9*974570 20 

21 16 9*974547 18 
2216 9 * 9745^5 16 
23 17 9*974503 14 
24189*974481 12 

25 18 9*974458 10 

26 19 9*974436 8 

2720 9*974414 6 

28 21 9*974391 4I 
2921 9*974369 2 

30 22 9*974347 0 


Sine 









TABLE 68 


731 


LOG. SINES, COSINES, &c. 

Ih 18"’ 19^^ 


f n 

m« 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/ ff 

30 

0 

9 ‘ 5»3495 


10*476505 

9 ’ 549 H 9 



10-450851 

10-025653 


9*974347 


30 

.30 

2 

9*523674 

1 " 6 

10*476326 

9’549349 

1^ 

' 7 

10-450651 

10*025676 

l"i 

9*974324 

ss 

30 

31 

4 

9*523852 

2 12 

10*476148 

9 ' 5495 50 

2 

*3 

10*450450 

10*025698 

2 I 

9*974302 

50 

20 

30 

6 

9*524030 

3 18 

10*475970 

9 ’ 54975 * 

3 

20 

10*450249 

10-025721 

3 2 

9*974279 

54 

30 

32 

8 

9*524208 

4 24 

10*475792 

9 * 54995 * 

4 

27 

10-450049 

10-025743 

4 3 

9*974257 

5 - 2 . 

28 

30 

10 

9*524386 

5 30 

10*475614 

9*5501521 

5 

33 

10*449848 

10*025765 

5 4 

9*974235 

50 

30 

33 

12 

9*524564 

6 35 

10*475436 

9*550352 

6 

40 

10*449648 

10-025788 

6 4 

9-974212 

48 

27 

30 

14 

9*524742 

7 41 

10-475258 

9*550552 

7 

47 

10-449448 

10*025810 

7 5 

9*974190 

40 

30 

34 

10 

9*524920 

8 47 

10*475080 

9*550752 

8 

53 

10-449248 

10-025833 

8 6 

9*974167 

44 

26 

30 

18 

9*525097 

9 53 

10*474903 

9*550952 

9 

60 

10*449048 

10-025855 

9 7 

9*974145 

42 

30 

33 

20 

9*525275 

10 59 

10*474725 

9 * 55**53 

10 

66 

10*448847 

10-025878 

10 7 

9-974122 

40 

25 

30 

22 

9*525452 

11 65 

10-474548 

9*55 *353 

11 

73 

10*448647 

10-025900 

11 8 

9-9741C0 

38 

30 

36 

24 

9*525630 

12 71 

10*474370 

9*55*552 

12 

80 

ic‘448448 

10*025923 

12 9 

9*974077 

36 

24 

30 

26 

9*525807 

13 • j'l 

10-474193 

9*55*752 

13 

86 

10*448248 

10-025945 

13 10 

9 974055 

34 

30 

37 

28 

9*525984 

14 83 

10-474016 

9*55*952 

14 

93 

10-448048 

10025968 

14 10 

9*974032 

32 

23 

30 

30 

9*526162 

15 89 

10*473838 

9*552152 

15 

98 

10-447848 

10*025990 

15 11 

9-974010 

30 

30 

38 

32 

9*526339 

16 94 

10-473661 

9-552351 

16 

106 

*0-447649 

10-026013 

16 12 

9 * 9739^^7 

-28 

22 

30 

.34 

9*526516 

17 100 

10*473484 

9*55255* 

17 

113 

* 0*447449 

10-026035 

17 13 

9-973965 

26 

30 

39 

30 

9*526693 

18 J06 

io *473307 

9*552750 

18 

120 

10-447250 

10-026058 

18 13 

9'973942 

-21 

21 

3 f> 

38 

9*526870 

19 I12 

10*473130 

9*552950 

19 

126 

10-447050 

10*026080 

19 14 

9-97392^0 

-22 

30 

40 

40 

9*527046 

20 118 

10*472954 

9 * 553*49 

20 

*33 

10*44685 1 

10*026103 

20 15 

9 - 973«97 

20 

20 

30 

42 

9*527223 

21 124 

10*472777 

9*553348 

21 

140 

10-446652 

10-026126 

21 16 

9 * 973«75 

18 

30 

41 

44 

9* 527400 

22 130 

10*472600 

9*553548 

22 

146 

10-446452 

10*026148 

22 16 

9 973852 

16 

19 ^ 

30 

40 

9*527576 

23 136 

10*472424 

9*553747 

23 

*53 

10-446253 

10-026171 

23 17 

9-973829 

14 

30 

42 

48 

9*527753 

24 142 

10*472247 

9*553946 

24 

160 

10-446054 

10*026193 

24 18 

9-973807 

12 

18 

30 

30 

9*527929 

25 148 

10*472071 

9 * 554*45 

25 

166 

10-445855 

10-026216 

25 19 

9*973784 

10 

30 

43 

52 

9*528105 

26 153 

10*471895 

9*554344 

26 

*73 

10-445656 

10*026239 

26 19 

9*973761 

8 

7 

30 

54 

Q* 528282 

27 159 

10*471718 

9*554543 

27 

180 

10-445457 

10*026261 

27 20 

9*973739 

6 

30 

44 

56 

9*528458 

28 165 

10*471542 

9 * 55474 * 

28 

186 

10-445259 

10-026284 

28 2 I 

9*973716 

4 

16 

30 

58 

9*528634 

29 171 

10*471366 

9*554940 

29 

193 

10-445060 

10-026307 

29 Z2 

9*973694 

2 

30 

45 

19 

9* 528810 

30 177 

10*471190 

9 * 555*39 

30 

*99 

10*444861 

10*026329 

30 z2 

9-973671 

91 

15 

30 

2 

9*528986 

l” 6 

10*471014 

9*555337 

1 

7 

10-444663 

10026352 

1 1 

9-973648 

58 

30 

46 

4 

9*529161 

2 12 

10*470839 

9*555536 

2 

*3 

10*444464 

10*026375 

2 2 

9*973625 

56 

14 

30 

6 

9*529337 

3 17 

10*470663 

9*555734 

3 

20 

10*444266 

10-026397 

3 2 

9*973603 

54 

30 

47 

8 

9*529513 

4 23 

10*470487 

9*555933 

4 

26 

10-444067 

10-026420 

4 3 

9*973580 

52 

13 j 

30 

10 

9*529688 

5 29 j 

10*470312 

9*556*3* 

5 

33 

10-443869 

10-026443 

5 4 

9*973557 

50 

30 

48 

12 

9*529864 

6 35 

10*470136 

9*556329 

6 

40 

10-443671 

10-026465 

6 5 

0*973335 

48 

12 

f 30 

14 

9*530039 

7 41 

10*469961 

9*556527 

7 

46 

j 10-443473 

10-026488 

7 Sj 

9-973512 

46 

30 

49 

16 

9*530215 

8 47 

10*469785 

9*556725 

8 

53 

1 * 0 * 443^75 

10*02651 1 

8 6! 

9*973489 

44 

11 

30 

18 

9*530390 

9 52 

10*469610 

9*556923 

9 

59 

[I 0-443077 

10-026534 

9 7 

9-973466 

42 

30 

5 <l 

20 

9*530565 

10 58 


9 ’ 557 » 2 i 

10 

66 

ic-442879 

10*026556 

10 8 

9*973444 

40 

10 

30 

22 

9*530740 

11 64 

10*469260 

9 * 5573*9 

ll 

72 

jc'44268 1 

10-026579 

11 8 

9-973421 

38 

30 

51 

24 

9 * 5309*‘5 

12 70 

10*469085 

9 * 5575*7 1 

12 

79 

10*442483 

10*026602 

12 9 

9*973398 

30 

0 

30 

26 

9*531090 

13 76 

10*468910 

9*5577*5 1 

13 

86 

10*442285 

10-026625 

13 10 

9*973375 

34 

30 

52 

28 

9*531265 

14 81 

10*468735 

9 * 5579*3 i 

14 

92 

10-442087 

10*026648 

14 10 

9*973352 

32 

8 

30 

30 

9*531440 

15 87 

10*468560 

9-558110 j 

15 

99 

10-441890 

10*026671 

15 11 

9*973330 

30 

30 

53 

32 

9*531614 

16 93 

10*468386 

9-558308 

16 

*05 

10*441692 

10-026693 

16 12 

9*973307 

28 

7 

30 

34 

9*531789 

17 99 

10*4682 1 1 

9- 558 so 5 

17.112 

10-441495 

10-026716 

17 13 

9*973284 

26 

80 

54 

36 

9*531963 

18 105 

10*468037 

9*55^703 

18 

119 

10-441297 

10-026739 

18 14 

9*973261 

24 

6 

.30 

38 

9*532138 

19 III 

10*467862 

9-558900 

19 

125 

10 441100 

10*026762 

19 14 

9*973238 

22 

30 

55 

40 

9*532312 

20 1 17 

10*467688 

9*559097 

20 

132 

10*440903 

10*026785 

20 15 

9*973215 

20 

6 

30 

42 

9*532487 

21 123 

10*467513 

9*559294 

21 

138 

10*440706 

10*026808 

21 16 

9*973192 

18 

30 

56 

44 

9*532661 

22 128 

10-467339 

9 * 55949 * 

22 

*45 

10-440509 

10*026831 

22 17 

9*973169 

le 

4 

30 

46 

9*532835 

23 134 

10*467165 

9-559688 

23 

152 

10-440312 

10*026854 

23 17 

9*973146 

14 

30 

57 

48 

9*533009 

24 140 

10*466991 

9*559885 

24 

158 

10-440115 

10-026876 

24 18 

9*973124 

12 

3 

30 

50 

9*533183 

25 146 

10*466817 

9-560082 

25 

165 

10*439918 

10-026899 

25 19 

9-973101 

10 

30 

58 

52 

9*533357 

26 152 

10*466643 

9-560279 

26 

171 

10*439721 

10*026922 

26 20 

9*973078 

8 

2 

30 

54 

9*533531 

27 158 

10-466469 

9-560476 

27 178 

10-439524 

10*026945 

27 21 

9*973055 

« 

30 

59 

56 

9*533704 

28 164 

10*466296 

9-560673 

28 185 

10-439327 

10*026968 

28 21 

9*973032 

4 

1 

30 

58 

9*533878 

29 169 

10*466122 

9-560869 

29 191 

10-439131 

10*026991 

29 22 

9*973009 

2 

80 

60 


9*534052 

30 175 

10*465948 

9-561066 

30 

198 

10-438934 

10*027014 

30 23 

9*972986 

0 

0 

/ n 

m> 

t. 
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Parts 
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Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

u 

/// 
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TABLE 68 


9-534052 
9-534225 1 6 

9-534399 2 II 
9 - 53457 a 3 17 
9*534745 ^ ^3 
9-534918 5 29 

9-535092 6 34 
9-535265 7 40 

9*535438 ® 46 

9-535610 9 52 
9-535783 10 57 


‘-*2 9*53595611 63 

21' 9-53612912 69 
26 9-536301 13 75 
28 9-53647414 80 
30 9*53664615 86 

3-2 9-536818 16 92 
34 9-536991 17 98 
30 9-53716318103 
38 9*53733519*09 
40 9-53750720115 
42 9*53767921 121 
44 9-537851 22 126 
40 9*53802323 132 
48 9*53819424 138 
50 9*53836625 144 
52 9-53853826 149 
54 9-53870927155 
50 9-53888028 161 
58 9-53905229 167 


9*539565 2 II 


9-540590 8 45 
9-540761 9 51 


9*54161314 79 


36 9-54229318102 
) 38 9*542462 19 108 
40 9*542632 20 113 
D 42 9*54280221 1 19: 

44 9*54297122125 
0 46 9*54314*23130 
48 9*54331024 136 
0 60 9*54348025 142 
52 9*54364926147 

0 54 9*54381827 \ 53 

1 56 9*54398728159 

0 ^ 58 9-544*3629 rt 4 
i M 9-5443*530 170 


30 

2 

16 

4 

30 

6 

17 

8 

30 

10 

18 

12 

30 

14 

19 

16 

30 

18 

20 

*20 

■ 30 

22 

21 

24 

30 

26 

22 

28 

30 

30 

*23 

32 

30 

34 

24 

136 


LOG. SINES, COSINES, &c. 


2 


Cosec. I Tangent I Parts I Cotang. | Secant | Parts | Cosine 


10-465948 9-561066 10-438934 J0 027014 9-972986 

10-465775 9-561262 1" 710-43873810-027037 1'' 19*97*963 

10*465601 9*561459 2 13 10*438541 10-027060 2 2 9-972940 

10-465428 9*561655 3 20 10*438345 10*027083 3 2 9*972917 

10*465255 9*561851 4 26 10*438149 10*027106 4 3 9*972894 

10*465082 9*562048 5 33 fo*437952 10*027129 5 4 9-972871 

10-464908 9-562244 6 39 10*437756 10*027152 6 5 9*972848 

10*464735 9*562440 7 46 10*437560 10-027175 7 5 9-972825 

10*464562 9*562636 8 52 10-437364 10*027198 8 6 9*972802 

10*464390 9*562832 9 59 10*437168 10*027222 9 7 9*972778 

10*464217 9*563028 10 65 10*436 972 10*027245 10 8 9*97 2755 

10*464044 9-563224 11 72 10*436776 10 02726^ 11 8 9*972732 

10*463871 9*563419 12 78 10*436581 10-027291 12 9 9-972709 

10-463699 9*563615 13 85 10*436385 10-027314 13109-972686 
10*463526 9-563811 14 91 10*436189 10-027337 14 II 9-972663 

10*463354 9*564006 15 98 10*435994 10*027360 15 12 9-972640 

10-463182 9-564202 16 104 10*435798 10-027383 1612 9*972617 

10-463009 9*564397 17 111 10*435603 10 027407 1713 9*972593 

10*462837 9*564593 18 117 10*435407 10-027430 18149-972570 

10*462665 9-564788 19124 10*435212 10-027453 1915 9*972547 
10*462493 9-564983 20 130 10-435017 IQ-027476 2015 9-972524 

10-462327 9-’565178 21 137 10*434822 10-027499 21 16 9*972501 

10-462149 9*565373 22143 10-434627 10-027522 2217 9*97^78 
10*461977 9*565568 23150 10*434432 10*027546 23 18 9*972454 
10*461806 9*565763 24 156 10*434237 10 027569 24 18 9*972431 

10*461634 9*565958 25 163 10*434042 10*027592 25 19 9-972408 

10-461462 9*566153 26 170 10*433847 10-027615 2620 9*972385 

I0*46l291 9*566348 27 176 10*433652 10*027639 27 21 9*972361 

10*461120 9-566542 28183 10-433458 10-027662 2822 9*972338 
10*460948 9*566737 29189 10*433263 10*027685 29 22 9*972315 

10*460777 9*566932 30 196 10*433068 10*027709 3023 9*972291 


10*460606 9-567126 1 6 10-432874 10-027732 1 I 9-972268 

10*460435 9*567320 2 13 10*432680 10*027755 2 2 9*972245 

10*460264 9*567515 3 19 10*432485 10-027779 3 2 9-972221 

10*460093 9*567709 4 26 10*432291 10*027802 4 3 9*972198 

10*459922 9*567903 5 32 10*432097 10*027825 6 4 9*972175 

10*459751 9*568098 6 39 10*431902 10*027849 6 5 9'972I5* 

10-459580 9-568292 7 45 10*431708 10*027872 7 5 9 972128 

10-459410 9-568486 8 52 10*431514 10*027895 8 6 9*972105 

10*459239 9*568680 9 58 10*431320 10*027919 9 7 9-972081 

10-459069 9*568873 10 64 10-43 1 127 10-027942 10 8 9*972058 

10*458898 9*569067' 11 71 10-430933 10-027966 11 9 9*972034 1 

10*458728 9*569261 12 77 10*430739 10*02798912 9 9-972011] 

10-458558 9*569455 13 84 10-430545 10-028012 13 10 9-971988 

10*458387 9*569648 14 90 10*430352 10*028036 14 II 9*97*964 

10*458217 9-569842 15 97 10*430158 10*028059 15 12 9*97*94* 

10-458047 9*570035 16103 *0*429965 10*028083 1612 9*97*917 
10*457877 9*570229 17 1*0 10-429771 10-028106 17 13 9*971894 

10*457707 9*570422 18 116 10*429578 10*028130 1814 9-971870 

10*457538 9-570616 19123 10-429384 10*028153 1915 9-971847 

*0-457368 9*570809 20129 *0*429191 10*0281^ 20 16 9*971823 

10*457198 9*571002 21 135 10*428998 10*028200 21 16 9*971800 

10*457029 9*571*95 22 142 10*428805 10*028224 22 17 9*971776 

10*456859 9*571388 23148 10*428612 10*028247 23 18 9*971753 

10*456690 9*571581 24155 10*428419 10*028271 2419 9'97*7a9 

10*456520 9*571774 25 161 10*428226 10*028294 25 19 9*971706 

10*456351 9*571967 26 168 10*428033 10*028318 2620 9*971682 

10*456182 9*572160 27 174 10*427840 10*028342 27 21 9*971658 

10*456013 9*572352 28 181 10*427648 10*028365 28 22 9*971635 

10*455844 9*572545 29187 10*427455 10*028389 2923 9*971611 

10*455675 9*572738 30193 10-427262 10*028412 3023 9-971588 

Cosec. Parts Sine 
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LOG. SINES, COSINES. &c. 
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0 

CM 







"/ n 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

’ t. 

/ // 

30 

0 

9 * 5443^5 


10-455675 

9-572738 


10*427262 

10-028412 


9*971588 

38 

30 

.30 

2 

9*544494 

1" 6 

10-455506 

9-572930 

1 " 6 

10-427070 

10-028436 

1" t 

9-971564 

58 

30 

31 

4 

9*544663 

2 II 

10*455337 

9*573123 

2 13 

10*426877 

10-028460 

2 2 

9-971540 

50 

29 

30 

6 

9*544832 

3 17 

10-455168 

9*573315 

3 19 

10*426685 

10*028483 

3 2 

9*971517 

54 

30 

32 

8 

9*545000 

4 22 

10-455000 

9*573507 

4 26 

10*426493 

10*028507 

4 3 

9*971493 

6-2 

28 

30 

10 

9-545169 

5 28 

10-454831 

9*5737001 

5 32 

10*426300 

10*028531 

5 4P 

9*971469 

50 

30 

33 

12 

9*545338 

6 34 

10*454662 

9*573892 

6 38 

10*426108 

10*028554 

6 5 

9*971446 

.48 

27 

30 

14 

9-545506 

7 39 

10-454494 

9*574084 

7 45 

10*425916 

10*028578 

7 6 

9*971422 

40 

30 

34 

16 

9 * 545^74 

8 45 

10-454326 

9*574276 

8 SI 

10-425724 

10*028602 

8 6 

9*971398 

44 

26 

30 

18 

9'545843 

9 50 

10-454157 

9*574468 

9 58 

10*425532 

10*028625 

9 7 

9*971375 

4*2 

30 

35 

20 

9-546011 

10 56 

10*453989 

9-574660 

10 64 

10*425340 

10*028649 

10 8 

9 ‘ 97 i 35 i 

40 

25 

30 

22 

9-546179 

11 61 

10-453821 

9*574852 

11 70 

10*425148 

10*028673 

11 9 

9*971327 

38 

30 

36 

24 

9*546347 

12 67 

10*453653 

9*575044 

12 77 

10*424956 

10*028697 

12 9 

9*971303 

36 

24 

30 

26 

9*546515 

13 72 

10*453485 

9-575236 

13 83 

10*424764 

10*028720 

13 10 

9*971280 

34 

30 

37 

28 

9-546683 

14 78 

10*453317 

9*575427 

14 89 

10*424573 

10*028744 

14 1 1 

9-971256 

3*2 

23 

30 

30 

9-546851 

15 84 

10*453149 

9*575619 

15 96 

10*424381 

10*028768 

15 12 

9*971232 

30 

30 

36 

32 

9-547019 

16 90 

10-452981 

9*575810 

-6 102 

10*424190 

10*028792 

16 13 

9*971208 

•28 

22 

30 

34 

9-547187 

17 95 

10-452813 

9*576002 

17 IC9 

10*423998 

10*028815 

17 13 

9*971185 

-20 

3 U 

39 

36 

9*547354 

18 101 

10*452646 

9*576193 

18 115 

10*423807 

10*028839 

IS 14 

9*971161 

•24 

21 

30 

38 

9-547522 

19 107 

10*452478 

9-576385 

19 121 

10*423615 

10*028863 

Id 15 

9*971137 

•2-2 

30 

40 

40 

9-547689 

20 112 

10*45231 1 

9-576576 

20 128 

10*423424 

10*028887 

20 16 

9-971113 

‘20 

20 

30 

42 

9*547857 

21 118 

10-452143 

9*576767 

21 134 

10*423233 

10*028911 

21 17 

9*971089 

IH 

30 

41 

44 

9-548024 

22 123 

10*451976 

9*576959 

22 141 

10*423041 

10*028934 

22 17 

9*971066 

10 

19 

30 

46 

9-548191 

23 129 

10*451809 

9*577150 

23 147 

10*422850 

10*028958 

23 18 

9*971042 

14 

30 

42 

48 

9*548359 

24 134 

10 * 4 - <11641 

9*577341 

24 153 

10*422659 

10*028982 

24 19 

9*971018 

12 

18 

30 

50 

9-548526 

25 140 

10-451474 

9*577532 

25 160 

10*422468 

10*029006 

25 20 

9-970994 

10 

30 

43 

52 

9*548693 

26 145 

10-451307 

9*577723 

26 166 

10*422277 

10*029030 

2621 

9-970970 

8 

17 

30 

54 

<>-548860 

27 151 

10-451140 

9*577914 

27 173 

10*422086 

10*0290 54 

27 21 

9-970946 

0 

30 

44 

50 

9-549027 

28 156 

10-450973 

9*578104 

28 179 

10*421896 

10*029078 

28 22 

9*970922 

4 

10 

30 

5 « 

9*549193 

29 162 

10*450807 

9*578295 

29 185 

10*421705 

10*029102 

2923 

9*970898 

2 

30 

45 

23 

9-549360 

30 168 

10-450640 

9*578486 

30 192 

10*421514 

10*029126 

30 24 

9*970874 

31 

15 

30 

2 

9*54953^7 

1 6 

10-450473 

9*578676 

1 6 

10*421324 

10*029150 

1 1 

9*970850 

58 

30 

46 

4 

9*549693 

2 11 

10*450307 

9*578867 

2 13 

10*421133 

10*029173 

2 2 

[9*970827 

50 

14 

30 

6 

9-549860 

3 17 

10-450140 

9*579057 

3 19 

10*420943 

10-029197 

3 2 

9*970803 

54 

30 

47 

8 

9-550026 

4 22 

10-449974 

9-579248 

4 25 

10*420752 

10*029221 

4 3 

9*970779 

52 

13 

30 

10 

9*550193 

5 28 

10*449807 

9*579438 

6 32 

10*420562 

10*029245 

5 4 

9*970755 

50 

30 

48 

12 

9*550359 

6 33 

10*449641 

9*579629 

6 38 

10*420371 

10*029269 

6 5 

9*970731 

4S 

12 

30 

14 

9*550525 

7 39 

10*449475 

9*579819 

7 44 

10*420181 

10*029293 

7 6 

9*970707 

4(1 

30 

40 

16 

9-550692 

8 44 

10*449308 

9*580009 

8 51 

10*419991 

10*029317 

8 6 

9*970683 

44 

11 

30 

18 

9-550858 

9 50 

10*449142 

9*580199 

9 57 

10*419801 

10*029341 

9 7 

[9*970659 

42 

30 

50 

20 

9-551024 

10 55 

10*448976 

9*580389 

10 63 

10*41961 j 

10*029365 

10 8 

9*970635 

40 

10 

30 

22 

9-551190 

11 61 

10-448810 

9*580579 

11 70 

10*419421 

10*029389 

11 9 

9*97061 1 

38 

30 

51 

24 

9*551356 

12 66 

10*448644 

9*580769 

12 76 

10*419231 

10*029414 

12 10 

9*970586 

30 

9 

30 

26 

9-551521 

13 72 

10-448479 

9*580959 

13 82 

10*419041 

10-029438 

13 10 

9*970562 

34 

39 

52 

28 

9551687 

14 77 

10-448313 

9*581149 

14 88 

10*418851 

10*029462 

14 II 

9*970538 

32 

8 

30 

30 

9*551853 

15 83 

10-448147 

9*581339 

15 95 

10-418661 

10-029486 

15 12 

9*970514 

30 

30 

53 

32 

9*552018 

16 88 

10-447982 

9*581528 

16 lOI 

10-418472 

10*029510 

16 13 

9-970490 

28 

7 

30 

I ^ 

9*552184 

17 94 

10-447816 

9*581718 

17 107 

10-418282 

10*029534 

17 14 

9*970466 

‘20 

30 

54 

36 

9 * 55^349 

18 99 

10-447651 

9*581907 

18 1 14 

10-418093 

10*029558 


9*970442 

•24 

6 

so 

38 

9*552515 

19 105 

10-447485 

9*582097 

19 120 

10*417903 

10-029582 

19 15 

9*970418 

22 

30 

55 

40 

9-5<;268 o 

20 110 

10-447320 

9*582286 

20 126 

10*417714 

10*029606 

20 16 

9-970394 

20 

5 

30 

42 

9*55*845 

21 1 16 

10-447155 

9*582476 

21 133 

10*417524 

10*029630 

21 17 

9-970370 

18 

30 

56 

44 

9*553010 

22 121 

10-446990 

9*582665 

22 139 

io‘ 4 i 7335 

10*029655 

22 iS 

9*970345 

10 

4 

30 

46 

9*553176 

23 127 

10*446824 

9*582854 

23 145 

10*417146 

10*029679 

23 18 

9*970321 

14 

30 

«7 

48 

9*553341 

24 132 

10*446659 

9*583044 

24 152 

10*416956 

10*029703 

24 19 

9*970297 

12 

3 

30 

50 

9*553506 

25 138 

10*446494 

9*583233 

25 158 

10*416767 

10*029727 

25 20 

9*970273 

10 

30 

58 

52 

9*553670 

26 143 

10*446330 

9*583422 

26 164 

10*416578 

10*029751 

26 2 1 

9*970249 

8 

2 

30 

54 

9*553835 

27 149 

10*446165 

9*583611 

27 171 

10*416389 

10*029776 

27 22 

9*970224 

6 

30 

59 

50 

9-554000 

28 154 

10*446000 

9*583800 

28 177 

10*416200 

10*029800 

28 22 

9*970200 

4 

1 

30 

58 

9*554165 

i 29 160 

10*445835 

9*583989 

29 183 

10*41601 1 

10*029824 

2923 

9*970176 

2 

30 

do 

2« 

9 * 5543*9 

[30 166 

10-44567 1 

9*584177 

30 190 

10*415823 

10*029848 

30 24 

9*970152 

0 

0 

t H 

m . 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

sn. 

/ /: 




4 ». 
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TABLE 68 


LOG. SINES» COSINES, &c. 


Ih 24"^ 21® 


D 


Sine 

Parts 

Cosec. 

1SSE9 

1 Parts 

Cotang. 

Secant 

Parts 

Cosine 


m 

0 

0 

9 * 5543^9 

. 


10H45671 

9 ‘S 84>77 



10*41 5823 

10*029848 


9*970152 

36 

60 

.10 

1 

9*554494 

>" s 

10*445506 

9-584366 

1 

^ 6 

10-4*5634 

10-029873 

1" 1 

9*970127 

58 

10 

1 

4 

9-554658 

2 

XI 

10*445342 

9 * 584-555 

2 

>3 

10-415445 

10-029897 

2 2 

9*970103 

56 

Oii 

30 

6 

9*554823 

3 

16 

10*445178 

9*584744 

3 

>9 

10-415256 

10*029921 

3 2 

9*970079 

54 

30 

2 

8 

9*554987 

4 

22 

10*445013 

9-584932 

4 

25 

10-415068 

10*029945 

4 3 

9-970055 

5*2 

6B 

30 

10 

9 * 555 * 5 ^ 

5 

27 

10*444849 

9-585121 

5 

3 « 

10-414879 

10*029970 

5 4 

9*970030 

50 

311 

3 

12 

9 * 5553'5 

6 

33 

10*444685 

9*585309 

6 

38 

10-414691 

10*029994 

6 5 

9-970006 

48 

57 

30 

14 

9*555479 

7 

38 

10*444521 

9*585498 

7 

44 

10*414502 

10*030018 

7 6 

9*969982 

46 

30 

4 

lb 

9*555643 

8 

44 

10*444357 

9*585686 

8 

50 

10-4*4314 

10*030043 

8 7 . 

9*969957 

44 

5 U 

30 

IH 

9-555807 

9 

49 

10*444193 

9*585874 

9 

56 

10*414126 

10*030067 

9 7 

9969933 

4-2 

30 

5 

‘20 

9 * 5 S 597 » 

10 

54 

10*444029 

9-586062 

10 

63 

10-413938 

10*030091 

10 8 

9*969909 

40 

65 

30 

«2 

9*556135 

11 

60 

10-443665 

9-586251 

11 

69 

10-413749 

10*0301 16 

11 9 

9*969884 

.38 

30 

6 

•2-1 

9-556199 

12 

65 

10-443701 

9*586439 

12 

75 

10-413561 

10-030140 

12 10 

9*969860 

36 

54 

30 

‘2ti 

9*556462 

13 

7 * 

>0*443538 

9-586627 

13 

81 

10-413373 

io-o30i64' 

13 1 1 

9969836 

34 

30 

7 

*2ri 

9*556626 

14 

76 

> 0*443374 

9*586815 

14 

88 

10-413185 

10*030189 

14 II 

9*969811 

3*2 

53 

30 

30 

9*556789 

15 

82 

10-443211 

9*587003 

15 

94 

10-412997 

10*030213 

15 12 

9*969787 

30 

30 

8 

3*2 

9*556953 

16 

87 

10-443047 

9*587190 

16 

100 

10*412810 

10*030238 

16 13 

9*969762 

•2H 

52 

30 

34 

9*557116 

17 

93 

10-442884 

9*587378 

17 

106 

10-412622 

10*030262 

17 14 

9*969738 

•26 

30 

a 

3 (t 

9-557280 

18 

98 

10*442720’ 

9*587566 

18 

>*3 

10-412434 

10*030286 

18 15 

9-969714 

•24 

51 

30 

:tH 

9*557443 

19 

104 

10*442557 

9*587754 

19 

119 

10*412246 

10-0303 1 1 

19 15 

9*9617689 

-2-2 

:iii 

10 

40 

9*557606 

20 

109 

10-442394 

9*587941 

20 

125 

10*412059 

10-030335 

20 16 

9-96966^ 

‘20 

50 

30 

4*2 

9*557769 

21 

”5 

10*44223 1 

9*588129 

21 

> 3 > 

10*41 1871 

10-030360 

21 17 

9*969640 

18 

30 

11 

44 

9 * 55793 i 

22 

120 

10*442068 

9*5883 *6 

22 

*38 

10*41 1684 

10-030384 

22 18 

9*969616 

16 

49 

30 

4 <i 

9-558005 

23 126 

10*441905 

9-588504 

2.1 

>44 

10*41 1496 

10*030409 

2.3 19 

9*969591 

14 

30 

12 

4 H 

9*558258 

24 

131 

10-441742 

Q-588601 

24 

150 

10*41 1309 

10-030433 

24 19 

9*969567 

1-2 

4li 

30 

.■io 

9-558421 

25 

>37 

10-441579 

9-588878 

25 

156 

10-41 1 122 

10*030458 

2.> 20 

9*969542 

10 

30 

13 

.V 2 

9*558583 

26 

142 

10-441417 

9*589066 

26 

163 

10*410934 

10*030482 

2<) 2 1 

9*969518 

8 

47 

30 

.'ll 

9 ’ 55»746 

27 

>47 

10-441254 

9-589253 

27 

169 

1 .-- 41074-7 

10*030507 

27 22 

9*969493 

6 

30 

14 


9*558909 

2S 

>53 

10-44 >09 1 

9*589440 

28 

> 75 - 

10*410560 

10*03053 1 

2823 

9*969469 

4 

41 . 

30 

.IH 

9-55907 I 

29 

15X 

10*440929 

9-589627 

29 182 

10*410373 

10*030556 

29 23 

9*969444 

•2 

30 

15 

as 

9-559234 

30 

163 

10*440766 

9-589814 

.30 

188 1 

10*410186 

10-030580 

30 24 

9*969420 

35 

45 

30 

‘2 

9*559396 

1 

5 

10-440604 

9-590001 

1 

6 

10*409999 

10-030605 

1 1 

9*969395 

58 

30 

10 

4 

9*559558 

2 

1 1 

10-440442 

9-590188 

2 

12 

10*4098 12 

10-030630 

2 2 

9-969370 

5G 

44 

30 

G 

9*559721 

3 

16 

10*440279 

9-590375 

3 

>9 

10-409625 

10*030654 

3 2 

9-969346 

54 

30 

17 

8 

9*559883 

4 

22 

10*4401 17 

9-590562 

4 

*5 

10-409438 

10*030679 

** 3 

9-969321 

S ‘2 

43 

30 

10 

9*560045 

5 

27 

> 0*439955 

9*590748 

5 

3> 

10-409252 

10*030703 

! 5 4 

9-969297 

SO 

30 

18 

1*2 

9-560207 

6 

32 

> 0*439793 

9*590935 

6 

37 

10-409065 

10-030728 

6 5 

9-969272 

48 

42 

30 

14 

9-560369 

7 

38 

10*439631 

9*591 122 

7 

43 

10-408878 

10*030753 

7 6 

9*969247 

46 

30 

10 

III 

9-560531 

8 

43 

10*439469 

9*59>3o8 

8 

50 

10-408692 

10-030777 

8 7 

9*969223 

44 

41 

30 

IH 

9-560693 

9 

48 

10*439307 

9 * 59>495 

9 

56 

10*408505 

10*030802 

9 7 

9*969198 

42 

30 

20 

‘20 

9*56083^ 

10 

54 

10-439145 

9*591681 

10 

62 

10*4083 19 

10*030827 

10 8 

9*969173 

40 

40 

30 

*2*2 

9-561010 11 

59 

10*438984 

9 * 59>867 

11 

68 

10-408 1 32 

10*03085 1 

111 9 

9 * 969>49 

3 S 

30 

21 

*24 

9-561 i78jl*2 

65 

10-438822 

9-592054 

12 

74 

10-407946 

10-030876 

12 10 

9*969124 

36 

39 

.30 

*2f> 

9*561339 

13 

70 

10-43866 1 

9-592240 

13 

81 

10*407760 

10*03090 1 

::i 11 

9-969099 

34 

30 

22 

*28 

9-561501 

14 

75 

10-438499 

9-592426 

14 

87 

10-407574 

10*030925 i 

1 i 4 1 I 

9-969075 

3-2 

38 

30 

30 

9*561662 

15 

81 

10*438338 

9-592612 

15 

93 

10*407388 

10*030950 

l.‘> 12 

9-969050 

:to 

30 

23 

3*2 

9*561824 

*16 

86 

10-438 1 76 

9-592799 

16 

99 

10*407201 

10*030975 

1613 

9-969025 

•2.H 

37 

30 

■*4 

9*561985 

17 

9 > 

10*43801 5 

9-592985 

17 

105 

10-407015 

10*031000 

17 14 

9*969000 

*26 

30 

21 

.M 

9*562146 

18 

97 

10*437854 

9 * 593 * 7 * 

18 

112 

10*406829 

10*031024 

18 15 

9-968976 

24 

30 

30 

38 

9*562307 

19 

102 

10*437693 

9-593356 

19 

iig 

10*406644 

10*031049 

19 16 

9-968951 

•2-2 

30 

25 

40 

9-562468 

20 108 

> 0*437532 

9*593542 

20 

124 

10*406458 

10-03 '0"+ 

‘20 16 

9*968926 

•20 

35 

30 

4‘2 

9*562629 

21 


> 0*43737 > 

9*593728 

21 

130 

10*406272 

10-03 >099 

21 17 

9*968901 

18 

30 

26 

44 

9*562790 

22 

>19 

10-437210 

9-593914 

22 

136 

10*406086 

10-031 123 

22 18 

9*968877 

16 

34 

30 

4 (i 

9*562951 

23 

124 

>0-437049 

9-594099 

23 

>43 

10-405901 

10*031 148 

23 19 

9*968852 

14 

30 

27 

48 

9*563112 

24 

129 

10-436888 

9-594285 

24 

149 

10-405715 

10*031173 

24 20 

9-968827 

1-2 

33' 

30 

.Io 

9-563273 

25 

>35 

10*436727 

9*594471 

25 

>55 

10-405529 

10*031,198 

25 20 

9*968802 

10 

so 

28 

.'j-2 

9*563433 

26 

140 

10*436567 

9-594656 

26 161 

>0*405344 

10*031223 

26 21 

9*968777 

8 

32 

30 

54 

9*563594 


>45 

10*436406 

9-594842 

27 167 

10-405158 

10*031248 

27 22 

9*968752 

6 

30 

29 

.511 

9*563755 

28 

> 5 > 

10*436245 

9-595027 

28 

>74 

10-404973 

10*031272 

2823 

9*968728 

4 

31 

30 

5H 

9*5639*5 

29 156 

10*436085 

9-595212 

29 

180 

10-404788 

10*031297 

29 24 

9*968703 

3 

30 

30 

ZS 

9*5640-5 

.0 

161 

10-43^92^ 

9*595398 

30 

186 

10*404602 

10*031322 

3025 

9*968678 

0 

30 

/’// 

m, 

a. 

Cosine 

Parts 

Secant 

Cotuiig. 

Parts 

Tangent | Cosec. 

Parts 

Sine 

m. 

/ /.* 


(W- 


'4h 34« 









TABLE 68 



LOG. SINES, COSINES, &e. 

Ih 26 “ 

21° 


Sine 


9-564075 
‘2 9*564236 1 " 5 
4 9*564396 2 II 
6 9*564556 3 16 
8 9-564716 4 21 
10 9*564876 5 27 
9*565036 6 32 
9-565196 7 37 
9*565356 8 42 

1 9-565516 9 48 
9-565676 10 53 

9*56583511 58 

9*565995 12 64 
9*56615413 69 
9*56631414 74 
9*56647315 80 
9*566632 16 85 
9-566792 17 90 
9*566951 18 96 
9*567110 19 101 
9 * 567269 20 106 
9*567428 21 112 
9 * 5^7587 22 117 
9*56774623 122 
9-56790424 127 
9*568063 26 133 
9*56822226 138 
9*56838027 143 
9*56853928 149 
9*56869729 154 
9*56885630 159 


9*569014 1 5 

9*569172 2 10 

9 * 5691 ^® 3 16 

9*569488 4 21 


9*57153717 89 
9*57169518 95 


30 60 9*57279325 131 

58 62 9*57295026 137 

30 64 9*57310627 142 

59 66 9*57326328 147 

30 68 9*57341929 152 

9*573575 30 157 
'' m. Cosine Parts 


Cosec. 


10*435925 

10*435764 

10*435604 

10*435444 

10*435284 

10*435124 

10*434964 

10*434804 

10*434644 

10*434484 

10*434324 


10*434165 

10*434005 

10*433846 

10*433686 

10*4335^7 

* 0*433368 

10*433208 

10*433049 

10*432890 

10*432731 

10*432572 

10*432413 

10*432254 

10*432096 

10*431937 

10*431778 

10*431620 

10*431461 

10*431303 

10*431144 


10*430986 

10*430828 

10*430670 

10*430512 

10*430354 

10*430196 

10*430038 

10*429880 

10*429722 

10*4295651 


10*429407 

10*429249 

10*429092 

10*428934 

10*428777 

10*428620 

10*428463 

10*428305 

10*428148 

10*427991 

10*427834 

10*427677 

10*427521 

10*427364 

10*427207 

10*427050 

10*426894 

10*426737 

10*426581 

10 * 42642 '; 


9595398 

9*595583 

9*595768 

9*595953 

9*596138 

9*596323 

9*596508 

9*596693 

9*596878 

9*597062 

9*597247 

9*59743^ 

9*597616 

9*597801 

9*597985 

9*598170 

9*598354 

9*598538 

9*598722 

9*598907 

9*599091 

9*599275 

9*599459 

9*599643 

9*599827 

9*600011 

9*600194 

9*600378 

9-600562 

9*600745 

9*600929 

9-601112 

9*601296 

9-601479 

9-601663 

9*601846 

9*602029 

9*602212 

9*602395 

9*602578 

9-602761 

9-602944 

9*603127 

9*603310 

9*603493 

9*603675 

9*603853 

9*604041 

9*604223 

9 * 60440 ^ 

9*604588 

9*604771 

9*604953 

9-605135 

9*605317 

9-665500 

9*605682 

9*605864 

9*606046 

9*606228 

9 * 606410 * 


4 25 
6 31 

6 37 

7 43 

8 49 

9 55 

10 61 

11 68 

12 74 

13 80 

14 86 

15 92 

16 98 

17 105 

18 III 

19 117 

20 123 

21 129 , 

22 135 

23 14 1 

24 148 

25 154 

26 160 

27 166 

28 172 

29 178 

30 184 

1 6 

2 12 

3 18 

4 24 

5 30 

6 37 

7 43 

8 49 

9 55 

10 61 

11 67 ] 

12 73 

13 79 

14 85 

15 91 

16 97 

17 104 

18 1 10 

19 116 

20 122 

21 128 

22 134 

23 140 

24 146 

25 152 

26 158 

27 164 

28 171 

29 177 

30 183 


I Parts j 


10*404602 

10*404417 

10*404232 

10*404047 

10*403862 

10*403677 

10*403492 

10*403307 

10*403122 

10*402938 

10*402753 

10*402568 

10*402384 

10*402199 

10*402015 

10*401830 

10*401646 

10*401462 

10*401278 

10*401093 

10*400909 

10*400725 

10*400541 

10*400357 

10*400173 

10*399989 

10*399806 

10*399622 

10*3994381 

10*399255 

10*399071 

10*398888 

10*398704 

10*398521 

io'398337 

10*398154 

10*397971 

10-397788 

10*397605 

10-397422 

10-397239 

10*397056 

10*396873 

10*396690 

10*396507 

10*396325 

10*396142 

*0*395959 

10*395777 

*0*395594 

10*395412 

10*395229 

10*395047 

10*394865 

10*394683 

io*3945oOj 

10*394318 

10*394136 

10*393954 

10-393772 

10*393590 


Tangent 


10*031322 

10*031347 

10*031372 

10*031397 

10*031422 
10*031447 
10*031472 
10*031497 
10*031521 
10*031546 
10*031 571 


10*031596 
10*031621 
10*031646 
10*031671 
10*031697 
10*031722 
10*031747 
10*031772 
10*031797 
10*03 1822 
10*031847 
10-031872 
10*031897 
10*031922 
10*031947 
10*031973 
10*031998 
10*032023 
10*032048 
10*032073 


10*032099 

10*032124 

10*032149 

10*032174 

10*032199 

10*032225 

10*032250 

10*032275 

10*032301 

10-032326 

10*03235* 

10*032376 

10*032402 

10*032427 

10*032453 

10*032478 

10*032503 

10*032529 

10*032554 

10*032579 

10*032605 

10*032630 

10*032656 

10*032681 

10*032707 

10*032732 

10*032758 

10*032783 

10*032809 

10-032834 


I Cosec. 


I 9 ' 

I" 1 9 
2 z 9 ' 
339 - 
4 3 9' 
549 - 
659 - 
769 - 
879 ' 
989 ' 
10 8 9 ' 


11 9 9 

12 10 9 

13 XI 9 

14 12 9 

15 12 9 
1613 9 

17 14 9 

18 15 9 

19 16 9 

20 17 9 ^ 

21 17 9 - 

22 18 9 

23 19 9 

24 20 9 ' 

25 21 9 ' 

26 22 9 ' 

27 22 9' 
2823 9' 
2924 9‘ 
3025 9- 


119 - 


6 5 9* 

769* 

879 - 

989 * 

10 8 9^ 

11 9 9- 

12 10 9* 

13 I I 9* 

14 12 9 -’ 

15 13 9* 

16 14 9* 

17 14 9* 

18 15 9- 

19 16 9- 

20 17 9 - 

21 j 8 r 

22 19 9* 

23 20 9 * 

24 20 9- 

25 21 9* 
2622 9* 
2723 9* 
28 24 9‘ 
2925 9* 
3025 9* 


I Parts i 


*968678 

‘968653 

*968628 

'968603 

*968578 

•968553 

*968528 

•968503 

•968479 

•968454 

*968429 


*968404 38 
*968379 30 
•968354 34 
1*968329 32 
1*968303 30 
*968278 28 
*968253 20 
- 968228 ' 24 
•968203 22 
‘968178 20 
•968153 18 
•968128 16 
‘968103 14 

‘968078 12 
•968053 *0 
•968027 S 1 
*968002 a 
• 9679 'T'’ 4 : 

•967952 2 1 

*967927 33 : 


* 96790 1 
*967876 
•967851 
*967826 
•967801 
*967775 
•967750 
•967725 
•967699 
'9^7^74 
■967649 
•967624 
• 96759 S 

•967573 

•967547 
*967522 
•967497 
•967471 
•967446 
■96742 j 
•967395 
‘ 96737 c 
•967344 
967319 
•967293 
'967268 
•9672421 
967217 ! 
•967191 
•967166 


Sine j 

4h 3am 













TABLE 68 


9*573575 


10*426425 

9*606410 

9*573732 r 

5 

10*426268 

9*606591 

9*573888 2 

10 

10*4261 12 

9*606773 

9*574044 3 

16 

10*425956 

9*606955 

9*574200 4 

21 

10*425800 

9-607137 

9 ‘ S 7 ^ 3 S ^ 5 

26 

10*425644 

9-607318 

9 * 57451 =^ 6 

31 

10*425488 

9-607500 

9*574668 7 

36 

10*425332 

9-607681 

9*574824 8 

41 

10*425176 

9*607863 

9*574980 9 

47 

10-425020 

9-608044 

9-57513610 

5 ^ 

10*424864 

9-608225 

9*57529111 

57 

10*424709 

9*608407 

9*57544712 

62 

10*42455^ 

9-608588 

9*57560213 

67 

10*424398 

9*608769 

9*57575814 

73 

10*424242 

9-60S950 

9-57591315 

73 

10*424087 

9-60913 1 

; 9*57606916 

83 

10*423931 

9*609312 

1 9*57622417 

88 

10*423776 

9*609493 

1 9*57637918 

93 

10*423621 

9*609674 

‘ 9*57653419 

99 

10*423466 

9-609855 

19*576689120 104 

10*423311 

9*610036 5 


42 I 9*576844 21 109 
44 I 9*576999 !i 2 I14 

9*57715423 119 
9*57730924 124 
9*57746425 130 
9*57761826 135 
9*57777327 140 
9*57792728 145 
9*57808229 150 
9*57823630 155 


2 9*578391 1 5 

4 9*578545 2 10 

5 9*578^9 3 15 


9*579931 11 


30 30 9*580545 15 77 

23 32 9*58069916 82 

30 34 9*58085217 87 

24 3 rt 9*58100518 92 

30 38 9*58115819 97 


30 ai 9*58238227,138 
29 6fi 9 5 82 5*? 5 28 143 
•30 an 9*58268729 148 


LOG. SINKS, COSINES. &c. 
_ 

I Cosec. Tangent Parts C otang. 

9*606410 10*393590 

9*606591 1" 6 10*393409 

9*606773 2 12 10*393227 

9*606955 3 18 10*393045 

9*607137 4 24 10*392863 
9*607318 5 30 10*392682 

9*607500 6 3^1 10*392500 

9*607681 7 42 10*392319 

9*607863 8 48 10*392137 

9*608044 9 54 10*391956 

9*608225 10 60 10*391775 

9*608407 11 66 10*391593' 

9*608588 12 72 10*391412 
9*608769 13 78 10*391231 
9*608950 14 84 10*391050 
9*609131 15 90 10*390869 
9*609312 16 96 10*390688 
9*609493 17 103 10*390507 
9*609674 18 109 10*390326 
9609855 19 115 10*390145 
9*610036 20 121 10*389964 
10*423156 9*610217 21 127 10*389783 
10*423001 9*610397 22 133 10*389603 
10*422846 9*610578 23 139 10*389422 
10*422691 9*610759 24 145 10*389241 
10*422536 9*610939 25 151 10*389061 
10*422382 9*611120 26 157 10*388880 
10*422227 9*611300 27 163 10*388700 
10*422073 9*611480 28 169 10*388520 
10*421918 9*611661 29 175 10*388339 
10*421764 9*611841 30 181 10*388159 


10*421609 9*6i2021 1 6 10*387979 

10*421455 9*612201 2 12 10*387799 

10*421301 9*612381 3 18 10*387619 

10*421147 9*612561 4 24 10*387439 

10*420992 9*612741 6 30 10*387259 

10*420838 9*612921 6 36 10*387079 

10*420684 9*613101 7 42 10*386899 

10*420530 9*613281 8 48 10*386719 

10*420377 9*613461 9 54 10*386539 

10*420223 9 613641 10 60 10*3863 59 

10*420069 9-613820 11 66 10*386180 

10*419915 9*614000 12 72 10*386000 

10*419762 9*614180 13 78 10*385820 

10*419608 9*614359 14 84 10*385641 

.10*419455 9*614539 15 90 10*385461 

10*419301 9*614718 16 96 10*385282 

10*419148 9*614897 17 102 10*385103 

10*418995 9*615077 18 108 10*384923 

10*418842 9*615256 19 114 10*384744 

10*418688 9*615435 20 120 10*384565 

10*418535 9*615614 21 126 10*384386 10*034150 

10*418382 9*615793 22 132 10*384207 10*034176 

10*418229 9-615972 23 138 10*384028 10*034202 

10*418076 9*616151 24 144 10*383849 10*034228 

10*417924 9*616330 25 149 10*383670 10*034254 

10*417771 9*616509 26 155 10*383491 10*034280 

10*417618 9*616688 27 161 10*383312 10*034306 

10*417465 9-616867 28 167 10*383133 10*034332 

10*417313 9-617046 29 173 10 * 3^2054 10*034358 

10-417160 9*617224 30 179 10*38)1776 10*0343^5 

Cotang. j Parts Tangent Cosec. 


Secant 

Parts 

Cosine 

10*032834 


9*967166 

10*032860 

1"! 

9*967140 

10-032885 

2 2 

9*967115 

10-032911 

3 3 

9*967089 

10*032936 

* 3 

9*967064 

10-032962 

6 4 

9*967038 

10-032987 

6 5 

9*967013 

10*033013 

7 6 

9*966987 

10*033039 

8 7 

9*966961 

10*033064 

9 8 

9*966936 

10*033090 

10 9 

9*966910 

10*033116 

11 9 

9*966884 

10*033141 

12 10 

9*966859 

10*033167 

13 II 

9*966833 

10*033192 

14 12 

9*966808 

10*033218 

15 13 

9*966782 

10*033244 

16 14 

9*966756 

10*033270 

17 14 

9*966730 

10033295 

18 15 

9*966705 

10*033321 

19 16 

9*966679 

10*033347 

20 17 

9*966653 

10*033372 

21 18 

9*966628 

10*033398 

22 19 

9-966602 

10*033424 

23 20 

9*966576 

10*033450 

24 21 

9*966550 

10*033475 

25 21 

9*966525 

10*033501 

2622 

9*966499 

10*033527 

27 23 

9*966473 

io ‘033553 

28 24 

9-966447 

10*033579 

2925 

9-966421 

10*033605 

3026 

9*966395 

10*033630 

1 I 

9966370 

10*033656 

2 2 

9*966344 

io'033682 

3 3 

9-9663.18 

10*033708 

♦ 3 

9*966292 

10*033734 

5 4 

9*966266 

10*033760 

6 5 

9*966240 

10*033786 

7 6 

9*966214 

10*033812 

8 7 

9*966188 

10*033838 

9 8 

9*966162 

10*033864 

10 9 

9*966136 



21 18 9* 

22 19 9* 

23 20 9* 

24 21 9* 
26 22 9* 
2623 9* 
2723 9* 
2824 9* 
2925 9* 
3026 9* 


Parts 


965850 18 
965824 16 
96579* 14 
965772 12 
•965746 10 
’965720 8 

’965694 6 

’965668 4 

’965642 2 

’965615 0 

Sine m* 












TABLE 68 


737 


r 


' 



LOG. SINES, 

COSINES, cScc. 





j 














t n 

m. 

Sine 

1 Parts 

Cosec. 

Tangent 

Parts 

1 Cotang. 

Secant 

Parts 

Cosine 

m. 

hi 

/ H 

30 

0 

9* ^82840 



10*417160 

9*617224 



10*382776 

10 034385 


9-065615 

30 

:io 

30 

2 

9-582992 

1 

' 5 

10*417008 

9*617403 

1' 

' 6 

110*382597 

iO-03441 j 

1" 1 

9-965589 

5 K 

311 

31 

4 

9*583145 

2 

10 

10-416855 

9*617582 

% 

X2 

10-382418 

10-054437 

2 2 

9*965563 

50 

2.9 , 

30 

0 

9-583297 

3 

15 

10*416703 

9*617760 

3 

18 

10-382240 

10-034463 

3 3 

9 965537 

54 

30 

32 

8 

9-583449 

4 

20 

10*416551 

9*617939 

4 

24 

10*382061 

10-034489 

4 4 

9-965511 

52 

28 

30 

10 

9-583601 

6 

25 

10*416399 

9*61811^ 

.5 

30 

10*38 1883 

10-034516 

5 4 

9-965484 

50 

30 

33 

12 

9*583754 

6 

30 

10-416246 

9-618295 

6 

36 

10*381705 

10034542 

6 5 

9-965458 

48 

27 

30 

14 

9-583906 

7 

35 

10*416094 

9-618^74 

7 

42 

10*381 526 

10-034568 

7 6 

9*965432 

46 

30 

34 

10 

9-584058 

8 

40 

10*415942 

9-618652 

8 

47 

10*381348 

IO-C 34594 

8 7 

9-965406 

44 

26 

30 

18 

9-584210 

9 

45 

10*415790 

9*618830 

9 

S 3 

io*3X 1 170 

10*034621 

9 8 

9*965379 

42 

30 

35 

20 

9-584361 

10 

SO 

10*415639 

9*619008 

10 

59 

10-380992 

10*034647 

10 9 

9*965353 

411 

26 

30 

22 

9*584513 

11 

56 

10*415487 

9*619186 

11 

65 

10*380814 

10-034673 

11 10 

9-965327 

38 

30 

30 

21 

9-584665 

12 

61 

*0*415335 

9*619364 

12 

71 

10*380636 

10*034699 

12 II 

9 965301 

3(1 

•24 

30 

20 

9-584817 

13 

66 

10*415183 

9-619543 

13 

77 

10*380457 

10-034726 

13 1 1 

9-965274 

31 

30 

37 

28 

9 - 584 q 68 

14 

71 

10*415032 

9-619720 

14 

83 

10*380280 

io-x-j 4752 

14 12 

r 965248 

3-2 

•2:1 

30 

30 

9*585120 

15 

76 

10*414880 

9-619898 

15 

90 

10-380102 

io-r )34778 

15 13 

9-965222 

3 U 

30 

3H 

32 

9-585272 

16 

81 

10*414728 

9-620076 

16 

95 

10*379924 

10-034805 

16 14 

9*965195 

-28 

•22 

30 

34 

9*58545^3 

17 

86 

10*414577 

9-620254 

17 

lOI 

10*379746 

10*03483 I 

1715 

9-965169 

W 

30 

30 

30 

9*585574 

18 

91 

10*414426 

9*620432 

18 

107 

10*379568 

10*034857 

18 16 

9*965*43 

■24 

*2) 

30 

38 

9-585726 

19 

96 

10*414274 

9*620610 

19 

113 

*0-379390 

10*034884 

ly 17 

9-965116 

22 

30 

40 

40 

9*585877 

20 

loi 

10*414123 

9*620787 

20 

119 

10-3792 1 3 

10-034910 

20 1* 

9-965090 

•20 


30 

42 

9-586028 

21 

106 

10*413972 

9 620965 

21 

'25 

10-379035 

10-034936 

21 18 

9 96 5064 

18 

30 

41 

14 

9*586179 

22 

1 1 1 

10*413821 

9*621 142 

22 

130 

10-378858 

10-034963 

22 19 

9-965037 

10 

iy 

30 

40 

9*586331 

23 

1 16 

10*413669 

9*621320 

23 

136 

10*378680 

10*034989 

23 20 

9*965011 

14 

30 

12 

4S 

9-586482 

24 

121 

10*413518 

9-621497 

24 

142 

10*378503 

10*035016 

24 21 

9-964984 

1-2 

18 

30 

.00 

9*586633 

25 126 

10*413367 

9-621675 

25 

148 

10*378325 

10-035042 

25 22 

9-964958 

lU 

30 

43 

02 

9*586783 

26 

131 

10*413217 

9-621852 

26 

154 

10*378148 

10*035069 

2623 

9*964931 

8 

17 

30 

04 

9*586934 

27 

136 

10*413066 

9*622029 

27 

160 

10*377971 

10*035095 

27 24 

9*964905 

0 

30 

44 

00 

9*587085 

28 

141 

10*412915 

9-622207 

28 

166 

10*377793 

10*035121 

2825 

9*964879 

4 

16 

30 

OS 

9-587236 

29 146 

10*412764 

9*622384 

29 

172 

10*377616 

10*035148 

2926 

9*964852 

*2 

30 

45 

31 

9*587386 

30 

» 5 i 

10*412614 

9-622561 

30 

178 

* 0*377439 

10*035174 

3026 

9*964826 

Z 9 

Id 

30 

2 

9*587537 

1 

5 

10*412463 

9*622738 

1 

6 

10*377262 

*0*035201 

1 1 

9*964799 

.^8 

30 

40 

4 

9-587688 

2 

10 

10*4123 12 

9*622915 

2 

12 

10*377085 

10*035227 

2 2 

9*964773 

50 

U 

30 

0 

9*587838 

3 

15 

10*412 162 

9*623002 

3 

18 

10*376908 

10*035254 

3 3 

9*964746 

54 

30 

47 

S 

9*587989 

4 

20 

10*41201 1 

9-623269 

4 

24 

10*376731 

10-035280 

4 4 

9*964720 

52 

15 

30 

10 

9-588139 

5 

25 

10*41 1861 

9-623446 

5 

29 

*0*376554 

10-035307 

5 4 

9*964693 

50 

30 

48 

12 

9*588289 

6 

30 

10*41 17 1 1 

9-623623 

6 

35 

10*376377 

* 0*035334 

6 5 

9*964666 

48 

12 

30 

14 

9*588439 

7 

3 S 

10*4 1 1 56 I 

9*623800 

7 

4 > 

10*376200 

10-035360 

7 6 

9*964640 

46 

30 

49 

10 

0-588590 

« 

40 

10-41 1410 

9 623976 

H 

47 

10*376024 

10*035387 

8 7 

9*964613 

44 

11 

30 

IM 

9-588740 

9 

4 S 

10*41 1260 

9-624153 

9 

53 

10*375847 

10*035413 

9 8 

9*964587 

4-2 

30 

50 

20 

9*>8889c 

10 

50 

10-4 1:110 

(>•624330 

10 

59 

10*375670 

10*035440 

10 9 

9*964560 

40 

10 

30 

22 

9*589040 

11 

55 

10*410960 

9-624506 

11 

65 

10-375494 

10035466 

11 10 

9*964534 

38 

30 

51 

24 

9-589190 

12 

60 

10*4108 lO 

9-624683 

12 

71 

10*375317 

10-035493 

12 II J 

9*964507 

36 

y 

30 

20 

9-589340 

13 

65 

10-410660 

9*6248 59 

13 

76 

10*375141 

10*035520 

13 12 

9*964480 

34 

30 

52 

28 

9*589489 

14 

70 

10-4105 1 1 

9-625036 

14 

82 

10*374964 

10-035546 

14 12 

9*964454 

32 

8 

30 

30 

9*589639 

15 

75 

10-41036 1 

9-6252 12 

15 

88 

10-374788 

*0-035573 

15 13 

9*964427 

30 

30 

53 

32 

9*589789 

16 

80 

10*41021 1 

9-625388 

16 

94 

10-374612 

10*035600 

16 14 

9*964400 

‘28 

7 

30 

34 

9*589938 

17 

85 

10*410062 

9-625565 

17 

ICO 

*0-374435 

10-035626 

1715 

9*964374 

*J6 

30 

54 

30 

9*590088 

18 

90 

10*409912 

9-625741 

18 106 

10-374259 

10-035653 

18 16 

9*964347 

*24 

6 

30 

38 

9*590237 

19 

95 

10*409763 

9-625917 

19 

I 12 

10*374083 

10-035680 

19 17 

9*964320 

•2-2 

30 

55 

40 

9*590387 

20 

IOC 

10-409613 

9-626093 

20 

II8 

10*373907 

10*035706 

20 18 

9*964294 

•20 

h 

30 

42 

9*590536 

21 

105 

io-x^o9464 

9*626269 

21 

123 

10*373731 

10-035733 

21 19 

9*964267 

18 

30 

50 

44 

9*590686 

22 1 10 

10*409314 

9-626445 

22 

129 

10-373555 

10-035760 

22 20 

9*964240 

16 

4 

30 

10 

9*590835 

23 

”5 

10*409165 

9*626621 

-23 

*35 

10*373379 

10-035786 

23 20 

9*964214 

14 

30 

67 

4S 

9*590984 

24 

120 

10*409016 

9-626797 

24 

141 

10*373203 

10-035813 

24 21 

9-964187 

12 

3 

30 

50 

9 * 59”33 

25 

X25 

10*408867 

9-626973 

25 

*47 

10*373027 

10*035840 

25 22 

9*964160 

10 

30 

58 

52 

9*501282 

26 

:3o 

10*408718 

9*627149 

26 

*53 

10*3 728 5 1 

10*035867 

2623 

9*964133 

8 

2 

30 

54 

9*591431 

27 1351 

10*408569 

9-627325 

27 

*59 

10*372675 

10*035894 

27 24 

9*964106 

6 

30 

59 

50 

9*591580 

28 

140 

10*408420 

9*627501 

28 165 

10*372499 

10*035920 

2825 

9*964080 

4 

1 

30 

58 

9*591729 

29 14s 

10*408271 

9*627676 

29 171 

10*372324 

10*035947 

2926 

9*9640531 

2 

30 

60 

33 

9*591878 

30 

150 

10*408122 

9-627852 


176 1 

10*372148 

10*035974 

30 27 

9*964026 

0 

K1 

/ It 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

T>V 

— 







<1 

70 




4** 28* 

1 



738 


TABLE 68 


LOG. SINES, COSINES, &c. 









TABLE 08 


739 


I.OG. SINES, COSINES, tkc . 


* Sine Parts 
I 9*600700 
; 9*600845 V ' 5 
9*600990 2 10 

1 9*601135 3 14 

9*601280 4 19 

I 9*601425 5 24 
: 9*601570 6 29 
9*601715 7 34 
9*601860 8 38 
9*602005 9 43 
9*602150 10 48 
9*60229411 53 

9*602439 12 58 
9*602583 13 62 
9*602728 14 67 
9*602872 15 72 
9*603017 16 77 
9*60316117 82 

9*60330518 87 

9*603449 19 92 
9*60359420 96 
9*60373821 101 
9*603882 22 106 
9*60402623 III 
9*60417024 1 1 5 
9*6043 13 25 120 
9*60445726 125 
9*60460127 13c 
9*60474528 134 

9*60488829 139 
; 9*605032 30 144 
9-605176 1 5 

9*605319 2 10 
9*605462 3 14 
9*605606 4 19 

9*605749 5 24 
9*605892 6 29 
9*606035 7 33 
9*606179 8 38 
9*606322 9 43 
9*606465 10 48 
9*606608 11 52 

9*606751 12 57 
9*606893 13 62 
9*607036 14 67 
9*60717915 71 
9*60732216 76 
9*60746417 81 
9*60760718 86 
9*607749 19 90 
9*60789220 95 
9*60803421 100 
9*60817722 105" 
9*60831923 110 
9*608461 24 1 14 
9*60860325 1 19 
9*60874526 124 
9*60888727 128 
9*60902928 133 
9*609171 29 138 
9*609313 3 0 1431 

Cosine Parts 


10*399300 

10*399155 

10*399010 

10*398865 

[0*398720 

[0*398575 

fo'398430 

[0*398285 

[0*398140 

[ 0*397995 

[0*397850 
[0*397706 
[0*397561' 
[0*397417 
[0*397272 
[0*397128 
[0*396983 
10*396839 
[0*396695 
[0*396551 
0*396406 
0*396262 
0*3961 18 
0*395974 
0*395830 
0*395687 

:o *395543 

[ 0*395399 

10*395255 

[o*395iiz 

■0*394968 

0*394824 

0*394681 

0*394538 

0*394394 

0*394251 

0*394108 

0*393965 

:o*39382i 

0*393678 

0*393535 

10*393392 

[0*393249 

[0*393107 

[0*392964 

[0*392821 

[0*392678 

10*392536 

[0*392393 

[0*392251 

:o*392io8 

0*391966 

0*391823 

0*391681 

0*391539 

0*391397 

0*391255 

0*391113 

[0*390971 

[0*390829 

[0*390687 

Secant 


Tangent 

9638302 

9*638475 

9*638647 

9*638820 

9*638992 

9*63916^ 

9*639337 

9*639510 

9*639682 

9*639855 

.9*640027 

'9*640199 

9*640371 


V '"^*/// 
9*642949 ;*7 


9*645634 ' 

9*643806 

9*643977 

9*644148 

9*644319 

9*644490 

9*644661 

9*644832 

9*645003 


1 Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/ tr 

1 

^ 6 

10*361698 

10*361525 

10*037602 

10*037630 

r I 

9*962398 

9*962370 

58 

3(3 

30 

2 

II 

10*361353 

10 037657 

2 2 

9*962343 

5(3 

lP 

3 

17 

10*361 j 8 o 

10*037685 

3 3 

0*062^ 1 ^ 

54 

30 

4 

23 

10*361008 

10*037712 

4 4 

9*962288 

5*2 

28 

5 

29 

10*360835 

10-037740 

6 5 

9*962260 

50 

30 

6 

34 

10*360663 

10*037767 

6 6 

9-96223^ 

48 

27 

7 

40 

10*360490 

10037795 

7 6 

9-962205 

46 

30 

8 

46 

10*360318 

10-037822 

8 7 

9*962178 

44 

26 

9 

52 

10*360145 

10*037850 

9 8 

9*962150 

4*2 

30 

10 

57 

* 0*359973 

10-037877 

10 9 

9*962123 

40 

25 

11 

63 

*0*359801 

10*037905 

11 10 

9*962095 

38 

30 

12 

69 

*0*359629 

10*037933 

12 11 

9*962067 

36 

24 

13 

74 

>0*359456 

10*037960 

13 12 

9*962040 

34 

30 

14 

80 

10*359284 

10*037988 

14 13 

9‘962012 

3*2 

23 

15 

86 

10*3591 12 

10*038015 

15 14 

9*961985 

30 

30 

16 

92 

*0*358940 

10*038043 

16 15 

9-961957 

*28 

2*2 

17 

97 

*0*358768 

10*038071 

17 16 

9*961929 

*26 

30 

18 

103 

io* 3 s 859 ft 

10-038098 

IH 17 

9*961902 

*24 

21 

19 

109 

10*358425 

10*038126 

19 17 

9*961874 

*2*2 

30 

20 

“ 5 . 

*0*358253 

10*0381 54 

20 18 

9*961846 

•20 

20 

21 

120 

10*358081 

10*038181 

21 19 

9*961810 

IS 

30 

22 

126 

*0*357909 

10*038209 

22 20 

9-961791 

16 

10 

23 

132 

* 0*357737 

10*038237 

23 21 

9*961763 

14 

30 

24 

138 

10*357566 

10*038265 

24 22 

9-961735 

1*2 

18 

25 

H 3 

10*357394 

10*038292 

25 23 

9-961708 

10 

30 

26 

*49 

10*357223 

10*038320 

26 24 

9-961680 

8 

17 

*7 155 

10*357051 

10*038348 

2725 

9*961652 

6 

30 

*8 

160 

10*356880 

10*038376 

2826 

9*961624 

4 

16 

'29 

166 

10*356708 

10*038403 

29 271 

9*961597 

‘2 

30 

30 

172 

10*356537 

10-038431 

30 28 

9*961569 

25 

15 

1 i 

6 

10*356366 

10*038459 

1 1 

9*96*541 

58 

30 

0 

11 

10*356194 

10*038487 

2 2 

9-961513 

50 

14 

3 

*7 

10*350023 

10-0385 [5 

3 3 

9*96*485 

54 

30 

4 

^3 

10*355852 

10*038542 

4 4 

9*961458 

5*2 

13 

5 

28 

10*355681 

10*038570 

6 5 

9-961430 

50 

30 

6 

34 

10*355510 

10*038598 

6 6 

9*961402 

48 

12 

7 

40 

* 0*355339 

10*038626 

7 7 

9*961374 

46 

30 

8 

46 

* 0 * 355*68 

10*038654 

8 7 

9*961346 

44 

11 

9 

5 * 

10*354997 

10*038682 

9 8 

9*961318 

4*2 

30 

10 

57 

10*354826 

10*038710 

10 9 

9*961290 

40 

10 

11 

63 

*0*354655 

10*038737 

11 10 

9*961263 

38 

30 

12 

68 

io*£54484 

10*038765 

12 11 

9*961235 

36 

9 

13 

74 

10*354313 

10*038793 

13 12 

9*961207 

34 

30 

14 

80 

10 * 354*43 

10*038821 

14 13 

9-961179 

32 

8 

15 

85 

10*353972 

10*038849 

15 14 

9*961151 

30 

30 

16 

9 * 

10*353801 

10*038877 

16 15 

9*961123 

28 

7 

17 

97 

*0*355631 

10*038905 

17 16 

9*961095 

26 

30 

18 

102 

10*353460 

10*038933 

18 17 

9*961067 

24 

6 

19 

108 

10*353290 

10*038961 

19 18 

9*961039 

22 

30 

20 

II 4 

10*353119 

10*038989 

20 19 

9*961011 

20 

ft 

21 

II 9 

10*352949 

10*039017 

21 20 

9*960983 

18 

30 

22 

125 

10*352778 

10*039045 

22 20 

9*960955 

16 

4 

23 

*3* 

10*352608 

10*039073 

23 21 

9*960927 

14 

30 

24 

*37 

10*352438 

10*039101 

24 22 

9*960899 

12 

3 

25 

142 

10*352267 

10*039x29 

25 23 

9*960871 

10 

30 

26 148 

10*352097 

10*039157 

2624 

9*960843 

8 

2 

27 

*54 

10*351927 

10*039186 

2725 

9-960814 

6 

30 

28 

*59 

* 0 - 35*757 

10*039214 

28 26 

9*960786 

4 

1 

29 165 

10-351587 

10-039242 

2927 

9*960758 

2 

30 

30 

171 

10-351417 

10*039270 

3028 

9*960730 

0 

0 

Parts 

Tangent 

Cosec. 

Parts 1 

Sine 

m. 

/ // 



740 


TABLE GS 


LOG. SINES. COSINES, &c. 



9-609313 


10*390687 

9*609455 1' 

' 5 

10*390545 

<>•609597 2 

9 

10*390403 

9 609739 3 

H 

10*390261 

9-609880 4 

>9 

10*390120 

9*6X0022 5 

23 

10*389978 

9*610164 6 

28 

10*3808-16 

9-610305 7 

3^ 

10*389695 

9-610447 8 

38 

10*389553 

9*610588 9 

42 

10*389412 

9*610729 10 

47 

10*389271 

9*610871 11 

5^ 

10*389129 

9*61 1012 12 


10*388988 

9*611153 13 

61 

10*388847 

9*61x294 14 

66 

10*388706 

9*611435 15 

71 

10*388565 

9*611576 16 

75 

10*388424 

9*611717 17 

80 

10*388283 

9*611858 18 

85 

10*388142 

9*6i 1999 19 

89 

10*388001 

9*612140 20 

94 

10*387860 

9*612280 21 

99 

10*387720 

9*612421 22 

103 

10*387579 

9*612562 23 

108 

10*387438 

9*612702 24 

113 

10*387298 

9*612843 25 

117 

10*387157 

9*612983 26 

122 

10*387017 

9-613124 27 
9-613264 28 

127 

10*386876 

132 

10*386736 

q -6 12404 29 

136 

10*386596 

9*61354530 

141 

10*386455 

9*613685 1 

5 

10*386315 

9*613825 2 

9 

10*386175 

9*613965 3 

14 

10*38603 5 

9*614105 4 

19 

10*385895 

9*614245 5 

^3 

10*385755 

9*614385 6 

28 

10*385615 

9*6x4525 7 

32 

*0*385475 

9*614665 8 

37 

*0*385335 

9*614804 9 

4^ 

10*385196 

9*614944 10 

46 

10*385056 

9*615084 11 

51 

10*384916 

9*615223 12 

56 

10*384777 

9*61536313 

61 

10*384637 

9*615502 14 


10*384498 

9*615642 15 

70 

10-384358 

9*615781 16 

75 

10*384219 

9*615921 17 

79 

10*384079 

9*616060 18 

84 

10*383940 

9*616199 19 

89 

10*383801 

9*616338 20 

93 

10*383662 

9*616477 21 

98 

10*383523 

9*616616 22 

103 

10*3X3384 

9*616755 23 

107 

10-383245 

9*616894 24 

1 12 

10*383106 

9*617033 25 


10*382967 

9*61717226 

122 

10*382828 

9*617311 27 

126 

10*382689 

9*61745028 

131 

10*382550 

9*61758829 135 

10*382412 

|9*6i7727|30 

140 

10*382273 

1 Cnaine 1 

Secant 

1 1 

1 



Tangent 

~9-648583^ 

9*648753 

9*648923 

9*649093 

9*649263 

1 9-649433 

9*649602 

9*649772 

9*649942 

9*650111 

9*650281 

9*650450 

9*6 50620 

9*650789 

9*650959 

9*651128 

9*651297 

9*651467 

9*651636 

9*651805 

9* 65197 4 

9*65214.. 

9*652313 

9*652481 

9*652650 

9*652819 I 

9*652988 

9*653157 

9*653326 

9*653494 

9*653663 

9*653832 

9*654000 

9*654169 

9*654337 

9*654506 


9*654674 1 

6 

34 

9*654843 

I 7 

391 

9-655011 

8 


9*655179 

9 


9*655348 

10 

56 1 

9*6555*6 

11 

62 1 

9-655684 

12 

67 

9*655852 

13 

73 

9*656020 

14 

78 

9*656188 

15 

84 

9*656356 

16 

90 

9*656524 

17 

95 

9*656692 

18 

lOl 

9*656860 

19 

106 

9*657028 

20 

112 

9*657196 

21 

1 18 

9*657364 

22 

123 

9*65753* 

23 

129 

9*657699 

24 

*34 

9*657867 

25 

140 

9*658034 

26 

146 

9*658202 

27 

*5* 

9*658369 

28 

*57 

9*658537 

29 

162 

9-658704 1 


168 

Cotaug. 

Parts 



Cotang. 

10*351417 

10*351247 

10*351077 

10*350907 
jp* 3 50737 
10*350567 
10*350398 
10*350228 
10*350058 
10*349889 
10*349719 
10*349550 
10*349380 
10*349211 
10*349041 
10*348872 
10*348703 

*0*348533 

10*348364 

10*348195 

10*348026 
10*347857 
10*347688 
10*347519 
*0*3473 “50 
10*347181 

10*347012 

10*346843 

10*346674 

10*346506 

10*346337 

10*346168 

10*346000! 

10*345831 

10*345663 

10*345494 

10*3^5326 

10*345157 

10 344989 

10*344821 

10*344652 

10*344484 

10*344316 

10*344148 

10*343980 

10*343812 

10*343644 

10*343476 

10*343308 

10*343140 

10*342072 

10*342804 

10*342636 

10*342469 

10*342301 

10*342133 

10*341966 

10*341798 

10*341631 

10*341463 

10*341296 

Tangent 


Secant 


10*039270 

10*039298 

10*039326 

10*039354 

10*039382 

10*039411 

10*039439 

10*039467 

10*039495 

10*039523 

10*039552 


10*039580 
10*039608 
10*039636 
10*039665 
10*039693 
10*039721 
10*039750 
10*039778 
10*039806 
10*039835 
10*039863 
10*039891 
10*039920 
10*039948 
10*039976 
10*040005 
10*040033 
10*040062 
10*040090 
10*0401 18 
10*040147 
10*0401 75 
10*040204 
10*040232 
10*040261 
10*040289 
10*040318 
10*040346 
10*040375 
10*040404 
10*040432 
10*040461 
10*040489 
10*040518 
10*040547 
10*040575 
io*o4o6c54 
10*040632 
10*040661 
10*040690 
10*0407 18 
10*040747 
10*040776 
10*040805 
10*040833 
10*040862 
10*040891 
10*040920 
10-040948 
10*040977 

Cosec. 


Cosine 


5-960730 

5*960702 

5*960674 

5*960646 

5*960618 

5*960589 

5*960561 

9*960533 

5*960505 

9*960477 

5*960448 


5*960420 

9*960392 

5*960364 

9*960335 

5*960307 

5*960279 

5-960250 

5*960222 

5*960194 

5*960165 

5*960137 

5*960109 

5*960080 

5*960052 

5-960024 

9*9599951 

5*959967 

9*959938 

5*959910 

9*959882 

9*959853 

9*959825 

9*959796 

9-959768 

9*959739 

9*959711 

5*959682 

5*959654 

9*959625 

9*959596 

9*959568 

9*959539 

5-959511 

9*959482 

9959453 

9*9594251 

9*9593961 

9*959368 

9*959339 

9*9593JO 

5*959282 

9*959^53 

5*959224 

9*959195 

9*959167 

5*959138 

5*959109 

5*959080 

9*959051 

9*9590^3 

Sine I 








FABLE 68 


14 \ 


:«) 5M 

00 40 


Sine Parts 
9*617727 
9*617866 l" 5 
9*618004 2 9 

9*618143 3 14 

9*618281 4 18 

9*618419 5 23 
9*618558 6 28 
9*618696 7 32 
9*618834 8 37 
9*618972 9 41 
9*61911010 46 
9*61924811 50 
9*61938612 55 
9*61952413 59 

9*6 19662 14 64 
9*61980015 69 

9*61993816 73 

9*62007617 78 
9*62021318 83 

9*62035 I 19 87 
9*62048820 92 
9*62062621 96 

9*620763 22 loi 
9*620901 23 105 
9*621038 24 110 
9*62117525 114 
9*621313 26 119 
9*62145027 124 
9*621 587 28 129 
9*62172429 133 
9*621861 30 138 
9*621998 1 5 

9*622135 2 9 

9*622272 3 14 

9*622409 4 18 

9*622546 5 23 
9*622682 6 27 
9*622819 7 32 

9*622956 8 36 
9*623092 9 41 
9*623229 10 45 
9*623365 11 50 

9*62350212 54 

9*623638 13 59 

9*62377414 63 
9*62391115 68 
9*624047 16 72 
9*624183 17 77 
9*62431918 82 
9*62445519 86 
9*624591 20 91 
9*62472721 95 

9*624863 22 loo 
9*62499923 104 
9*625 135 24 IC9 
9*62527025 1 13 
9*62540626 1 18 
9*62554227 123 
9*625677 2S 127 
9*625813 29 132 
9*625948 30 136 

Cosine Parts 


Cosec. 
10*382273 
10*382134 
10*381996 
10*381857 
.10*381719 
10*381581 
10*381442 
10*381304 
10*381 166 
10*381028 
10*380890 
10*380752 
10*380614 
10*380476 
10*380338 
10*380200 
10*380062 
10*379924 
10*379787 
10*379649 
io*379S»^ 

10*379374 

10*379237 

10*379099 

10*378962 

10*378825 

10*378687 

10*378550 

10*378413 

10*378276 

10*378 139 _ 

10*378002 

10*377865 

10*377728 

10*377591 

10*377454 

10*377318 

10*377181 

10*377044 

10*376908 

10*376771 

10*376635 

10*376498 

10*376362 

10*376226 

10*376089 

10*375953 

10*375817 
10*375681 
10*375545 
1 O' 3 7 5409 
10*375273 
10*375x37 

10*375001 

10*374865 

10*374730 

10*374594 

10*374458 

10*374323 

10-374187 

10*374052 

Secant 


LOG. SINES, COSINES, &c. 

Tangent Parts Cotang. 

3 9'658704 110*341296 1 

a q* 6 <: 887 i 1 " 6lio*34.ii2o i 


Tangent 

9*658704 

9*658871 

9-659039 

9-659206 

9-659373 

9‘6595 %o 
9*659708 
9-65*^875 
9*660042 
I 9-660209 
9:660376 
9*660543 
9*6607 10 
9660877 
9*661043 
9*661210 
9*661377 
9*661544 
9*661710 
9*661877 
9*662043 
9*662210 
9*662376 
9*662543 
9*662709 
9*662876 
9*663042 
9*663208 
9-663375 
9*663541 
9*66370 7 

9 663873 

9*664039 

9*664205 

9*664371 

9*664537 

9*664703 

9*664869 

9*665035 

9*665200 

9*665366 ] 

^6 55"^ ] 

9-665698 

9-665S63 

9-666029 

9*666194 

9*666360 

9*666,525 J 

9*666691 1 

9*666856 

9*667021 

9-667187 

9*667352 

9*667517 

9-667682 

9*667847 

9*668013 

9-668178 

9*668343 

9*668508 

9*668672 

Cntang. 


3 j Cotang. 

110*341296 
5 10*341129 
I 10*340961 
7 10*340794 
i 10*340627 
} 10*340460 
5 10*340292 
) 10*340125 
^ >0*339958 

) 10-339791 
I 10-339624 

>0*339457 
I 10*339290 
. 10-339123 

i >0-338957 

: 10*338790 
I 10*338623 
; *0-338456 

> 10*338290 

• 10*338123 
>0*337957 
10*337790 
10*537624 

' *0-337457 

10*337291 
I 10*337124 
*0*336958 

• 10*336792 

> 10*336625 
>0*336459 
10*336 293 
>0*336127 
10*335961 
>0*335795 
10*335629 
10-335463 
10*335297 
>0-335*3* 
*0*334965 
10-334800 
10*334634 
10*334468 
10*334302 
>0-334*37 
>0*333971 
10*333806 
10*333640 

*0-333475 

*0-333309 

io*333>44 

10*332979 

10*332813 

10*332648 

10*332483 

10*332318 

10*332153 

io*33>9S7 

10*331822 
10*331657 
' 10-331492 
*0*33*3^7 
Tangent 


Secant 
10*040977 
10*041006 
10*041035 
10*041063 
10*041092 
10*041121 
10*041 1 50 
10*041 179 
10*041208 
10*041237 
10041266 
10*041294 
10*041323 
10*041352 
10*041381 
10*041410 
10*041439 
10*041468 
10*041497 
10*041 526 
> o*04>SS 5 
10 04 1 584 
10-04161 3 
10*041642 
10*041671 
10-041700 
10*041729 
10041758 
10*041787 
10*041817 
10*041846 
10-041875 
10*04191,4 
10*041933 
10*041962 
10*041991 
10*042021 
10*042050 
10*042079 
10*042108 
10*042137 
10*042167 
10042 196 
10*042225 
10*042254 
10*042284 
10*042313 
10*042342 
10*042372 
10*042401 
10*042430 
10*042460 
10*042489 
10*042518 
10*042548 
10*042577 
10*042607 
10*042636 
10*042665 
10*042695 
110*042724 

Cosec. 


9*959023 

9*958994 

9*958965 

9*958937 

9*958908 

9*958879 

9*958850 

9*958821 

9*958792 

9*958763 

9*958734 

9*958706 
9*958677 
9*953648 
I 9*958619 

^ 9*958590 

9*958561 

9*95853^ 

9*958503 

9*958474 

9*958445 

9*958416 

9*958387 

9*958358 

9*958329 

9*958300 

9*958271 

9*958242 

9*958213 

9*958183 

9-958^54 

9*958125 

9*958096 

9*958067 

9*958038 

9-958009 

9-957979 

9*957950 
9*957921 
9*957892 
’ 9*957863 

9*957833 

9*957804 

; 9*957775 
■ 9*957746 

: 9*9577*6 
9*957687 
9*957658 
9*957628 
9*957599 
9*9575 70 
9*957540 
9*9575>> 
9*957482 
9*95745^ 
9*957423 

9*957393 
9*957 364 
9*957335 

9*957305 

9*957276 

( Sine 


m. 

/ // 

iz 

30 

58 

30 

56 

29 

54 

30 

52 

28 

50 

30 

48 

27 

46 

30 

44 

2C 

42 

30 

40 

25 

38 

30 

36 

24 

34 

30 

32 

23 

30 

30 

‘28 

22 

26 

30 

‘24 

21 

*22 

30 

*20 

20 

18 

30 

16 

19 

14 

30 

12 

18 

10 

30 


4 

16 

•2 

311 

21 

15 

58 

30 

56 

14 

.51 

:u> 

.'1-2 

13 

.OO 

30 

48 

12 

46 

30 

44 

11 

42 

30 

10 

10 i 

38 

30 
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TABLE 68 






LOG. SINES, COSINES, &c. 






Ih 

40'" 




25° 







t // 


Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

V" 

0 

0 

9*625948 


10*374052 

9-668673 


10*331327 

10-042724 


9*957276 

ZO 

fo'O 

30 

2 

9*626084 

1" 4 

10*373916 

9*668837 

1 " 5 

10*331163 

10*042754 

P'l 

9-957246 


30 

1 

4 

9-626219 

a 9 

10*373781 

9*669002 

2 11 

10*330998 

10*042783 

2 2 

9 ’ 957 -ii 7 

5(1 

69 

30 

0 

9626354 

3 13 

10*373646 

9*669167 

3 16 

10*330833 

10*042813 

3 3 

9*957187 

54 

30 

2 

8 

9*626490 

4 18 

10*373510 

9*669332 

4 22 

10*330668 

10*042842 

4 4 

9*957158 

52 

58 

30 

10 

9-626625 

5 22 

* 0*373375 

9*669497 

6 27 

i &-*330503 

10*042872 

6 5 

9*957128 

50 

30 

3 

12 

9*626760 

6 27 

10*373240 

9*669661 

6 33 

10*330339 

10*042901 

6 6 

9*957099 

48 

57 

30 

14 

9*626895 

7 31 

10*373105 

9*669826 

7 38 

10*330174 

10*042931 

7 7 

9*957069 

46 

30 

4 

16 

9*627030 

8 36 

10*372970 

9*669991 

8 44 

10*330009 

10*042960 

8 8 

9*957040 

44 

58 

30 

18 

9 * 627 i 6 s 

9 40 

10*372835 

9*670155 

9 49 

10*329845 

10*042990 

9 9 

9*957010 

4-2 

30 

5 

20 

9*627300 

10 45 

10*372700 

9*670320 

10 55 

10*329680 

10*043019 

10 10 

9*956981 

40 

55 

30 

22 

9*627435 

11 49 

10*372565 

9*670484 

11 60 

10*329516 

10*043049 

11 11 

9*956951 

38 

30 

6* 

24 

9*627570 

12 54 

10*372.4.^0 

9*670649 

12 66 

10*329351 

10*043079 

12 12 

9*956921 

36 

54 

30 

20 

9-627705 

13 58 

10*372295 

9-670813 

13 71 

io*'^2gi87 

10*043108 

13 13 

9*956892 

34 

30 

7 

28 

9*627840 

14 63 

10*372160 

9*670977 

14 77 

10*329023 

10*043138 

14 14 

9*956862 

32 

53 

30 

30 

9*627974 

15 67 

10*372026 

9*671142 

15 82 

10*328858 

10*043167 

16 15 

9*956833 

30 

30 

8 

32 

9*628109 

16 72 

10*371891 

9*671306 

16 88 

10*328694 

10*043197 

16 16 

9*956803 

‘28 

52 

30 

34 

9*628244 

17 76 

10*371756 

9*671470 

17 93 

10*328530 

10*043227 

17 17 

9*956773 

26 

30 

tf 

30 

9*628378 

18 81 

10-371622 

9-671635 

18 99 

10*328365 

10*043256 

18 18 

9*956744 

2/1 

51 

30 

38 

9*628513 

19 85 

10*371487 

9*671799 

19 104 

10*328201 

10*043286 

19 19 

9*956714 

22 

30 

10 

40 

9*628647 

20 90 

10*371353 

9*671963 

20 110 

10*328037 

10*043316 

20 20 

9*956684 

20 

50 

30 

42 

9*628782 

21 94 

10-371218 

9*672127 

21 115 

10*327873 

10*043345 

21 21 

9*956655 

18 

30 

n 

44 

9*628916 

22 99 

10*371084 

9*672291 

22 12 1 

10*327709 

10*043375 

22 22 

9*956625 

16 

49 

30 

40 

9*629050 

23 103 

10*370950 

9*672455 

23 126 

10*327545 

10*043405 

23 23 

9*956595 

14 

30 

12 

48 

9*629185 

24 108 

10*370815 

9-672619 

24 132 

10*327381 

10*043434 

24 24 

9956566 

12 

48 

30 

00 

9*629319 

25 112 

10*370681 

9-672783 

25 137 

10*327217 

10*043464 

25 25 

9*956536 

10 

30 

13 

02 

9*629453 

26 117 

10-370547 

9*672947 

26 142 

10*327053 

10*043494 

2626 

9-956506 

8 

47 

30 

04 

9*629587 

27 I 2 I 

10*370413 

9*673111 

27 148 

10-326889 

10*043524 

2727 

9*956476 

6 

30 

14 

00 

9*629721 

28 126 

IO“ 17027 <) 

9*673274 

28 153 

10*326726 

10*043553 

2828 

9*956447 

4 

48 

30 

OS 

9*629855 

29 130 

10*370145 

9*673438 

29 159 

10-326562 

10*043583 

29 29 

9*956417 

2 

30 

15 

41 

9*629989 

30 135 

10*370011 

9*673602 

30 164 

10*326398 

10*043613 

30 30 

9*956387 

19 

45 

30 

2 

9*630123 

1 4 

10*369877 

9*673766 

1 5 

10*326234 

10*043643 

1 1 

9*956357 

58 

30 

16 

4 

9-630257 

2 9 

10*369743 

9*673929 

2 11 

10-326071 

10*043673 

2 2 

9*9563^7 

56 

44 

30 

0 

9*630391 

3 13 

10*369609 

9*674093 

3 16 

10*325907 

10*043702 

3 3 

9*956298 

114 

30 

17 

8 

9*630524 

4 18 

10*369476 

9-674257 

4 22 

10*325743 

10*043732 

4 4 

9*956268 

52 

43 

30 

10 

9*630658 

5 22 

10*369342 

9*674420 

5 27 

10-325580 

10*043762 

3 5 

9*956238 

50 

30 

18 

12 

9*630792 

6 27 

10*369208 

9*674584 

« 33 

10*325416 

10*043792 

j 6 6 

9*956208 

48 

42 

30 

U 

9*630925 

7 31 

10-369075 

9-674747 

7 38 

10*325253 

10*043822 

7 7 

9-956178 

46 

30 

10 

10 

9-631059 

8 36 

10-368941 

9*674911 

8 44 

10*325089 

10*043852 

8 8 

9*956148 

44 

41 

30 

18 

9-631192 

9 40 

10*368808 

9*675074 

9 49 

10*324926 

10*043882 

9 9 

9-956118 

42 

30 

20 

20 

9-631326 

10 44 

10*368674 

9-675237 

10 54 

10*324763 

10*043911 

10 10 

9*956089 

40 

40 

30 

22 

9*631459 

11 49 

10*368541 

9-675401 

11 60 

10*324599 

10*043941 

11 11 

9*956059 

38 

30 

2l 

24 

9-631593 

12 53 

10*368407 

9-675564 

12 65 

10-324436 

10*043971 

12 12 

9*956029 

36 

39 

30 

26 

9*631726 

13 58 

10*368274 

9*675727 

13 71 

10-324273 

10*044001 

13 13 

9*955999 

34 

30 

22 

28 

9*631859 

14 62 

10*368141 

9*675890 

14 76 

10-324110 

10*04403 1 

14 14 

9*955969 

32 

38 

30 

30 

9*631992 

15 67 

10*368008 

9*676053 

15 82 

10*323947 

10*044061 

15 15 

9*955939 

30 

30 

23 

32 

9*632125 

16 71 

10*367875 

9*676217 

16 87 

10*323783 

10*044091 

16 16 

9*955909 

28 

37 

30 

34 

9*632259 

17 75 

10*367741 

9*676380 

17 92 

10-323620 

10*044121 

17 17 

9*955879 

•26 

30 

24 

30 

9*632392 

18 80 

10*367608 

9-676543 

18 98 

10*323457 

10*044151 

18 iS 

9*955849 

24 

30 

30 

38 

9-632525 

19 84 

10-367475 

9-676706 

19 103 

10-323294 

10*044181 

19 19 

9*955819 

22 

30 

25 

40 

9*632658 

20 89 

10*367342 

9*676869 

20 109 

10*323131 

10*044211 

20 20 

9*955789 

-20 

36 

30 

42 

9*632790 

21 93 

10*367208 

9*677032 

21 1 14 

10*322968 

10*044241 

21 21 

9*955759 

18 

30 

26 

44 

9*632923 

22 98 

10-367077 

9*677194 

22 120 

10*322806 

10*04427 1 

22 22 

9*955729 

16 

34 

30 

40 

9*633056 

23 102 

10*366944 

9-677357 

23 125 

10-322643 

10*044301 

2323 

9*955699 

14 

30 

27 

48 

9*633189 

24 107 

10*366811 

9*677520 

24 131 

10*322480 

10*044331 

24 24 

9-955669 

12 

33 

30 

00 

9*633322 

25 III 

lO* 366678 

9-677683 

25 136 

10*322317 

10*044361 

25 25 

9*955639 

10 

^ 30 

28 

52 

9*633454 

‘26 116 

10*366546 

9-677846 

26 141 

10*322154 

10*044391 

26 26 

9*955609 

8 

32 

30 

54 

9-633587 

‘yf 120 

10*366413 

9678008 

27 147 

10*321992 

10*044421 

27 27 

9*955579 

6 

30 

20 

56 

9*633719 

|28 125 

10-366281 

9-678171 

28 152 

10*321829 

10*044452 

2828 

9*955548 

4 

31 

30 

08 

9-633852 

‘29 129 

10*366148 

0*678334 

29 158 

10*321666 

10*044482 

29 29 

9*955518 

2 

30 

ao 

[42 

9-633984 

30 133 

10*366016 

9*678496 

30 163 

io- 32 i '504 

10*044512 

30 30 

9*955488 

0 

30 


m. 

1 •• 

Cosine 

Parts 

j Sec,ant 

Cotang. 

1 Parts 

Tangent 

Cosec. 

Parts 

Sine 


m 







(i 4 ' 




4I1 
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LOG. SINES, COSINES, &c. 


/ // m 

■ * Sine Parts Cosec. Tangent Parts Cotang. Secant 

.‘10 0 9*633984 10*366016 9*678496 10*321504 10*044512 

30 2 9*634117 1" 4 10*365883 9*678659 1" 5 10*321341 10*044542 

.‘U 4 9*634249 2 9 10*365751 9*678821 2 II 10*321179 10*044572 

HO 8 9*634381 3 13 10*365619 9*678984 3 16 10*321016 10*044602 

3*2 8 9*634514 4 18 10*365486 9*679146 4 22 10*320854 10*044632 

30 10 9*634646 5 22 10*365354 9*6793081 5 27 10*320692 10*044663 

33 1*2 9*634778 6 26 10*365222 9*679471 6 32 10*320529 10*044693 

30 J 4 9*634910 7 31 10*365090 9*679633 7 38 10*320367 10*044723 

34 16 9*635042 8 35 10*364958 9*679795 8 43 10*320205 10*044753 

30 18 9*635174 9 40 10*364826 9*679958 9 49 10*320042 10*044783 

35 20 9*63530610 44 10*364694 9*680120 10 54 10*319880 10*044814 

30 *22 9*63543811 48 10*364562 9*680282 11 59 10*319718 10044844 

30 ‘24 9*63557012 53 10*364430 9*680444 12 65 10*319556 10*044874 

30 *26 9*63570213 57 10*364298 9*680606 13 70 10*319394 10*044904 

37 ‘28 1 9*635834 14 61 io'364i66| 9*680768 14 76 io*3i9232|io o44935 

30 30 9*63596515 66 10*364035 9*680930 15 81 10*319070 10*044965 

38 3*2 9*63609716 70 10-363903 9*681092 16 86 10*318908 10*044995 

30 34 9*63622917 75 10*363771 9*681254 17 92 10*318746 10*045026 

39 30 9*63636018 79 10*363640 9*681416 18 97 10*318584 10*045056 

30 38 9*63649219 83 10*363508 9*681578 19103 10*318422 10*045086 

40 40 9*63662320 88 10*363377 9*681740 20 108 10*318260 10*045117 

30 42 9’63675421 92 10*363246 9*681901 21 113 10*318099 10*045147 

41 41 j9*63688622 96 io*363ii4j 9*682063 22 119 10*317937110*045177 

30 46 9*63701723 lOI 10*362983 9*682225 23 124 10*317775 10*045208 

42 48 9*63714824105 10*362852 9*682387 24130 10*317613 10*045238 

30 50 9*63728025 no 10*362720 9*682548 26 135 10*317452 10*045268 

43 5*2 9*63741126 114 10*362589 9*682710 26140 10*317290 10*045299 

30 54 9*63754227 119 10*362458 9*682871 27 146 10*317129 10*045329 

44 50 9*63767328123 10*362327 9*683033 28151 10*316967 10*045360 

30 58 9*63780429 127 10*362196 9*683194 29 157 10*316806 10*045390 

45 ^3 9*637935 30 132 10*362065 9*683356 30 162 1 0*316644 10*045421 

30 *4 9*638066 1 4 10*361934 9*683517 1 5 10*316483 10*045451 

46 4 9*638197 2 9 10*361803 9*683679 2 II 10*316321 10*045482 

30 a 9*638328 3 13 10*361672 9*683840 3 16 10*316160 10*045512 

47 8 9*638458 4 17 10*361542 9*684001 4 21 10*315999 10*045543 

30 10 9*638589 5 22 10*361411 9*684162 5 27 10*315838 10*045573 

48 12 9*638720 6 26 10*361280 9*684324 6 32 10*315676 10*045604 

30 .1 9*638851 7 30 10*361149 9*684485 7 38 10*315515 10*045034 

49 16 9*638981 8 35 10*361019 9*684646 8 43 10*315354 10*045665 

30 18 9*639112 9 39 10*560888 9*684807 9 48 10*315193 10*045695 

60 20 9*63924210 43 10*360758 9*684968 10 54 10*315032 10*045726 

30 22 9*63937311 48 10*360627 9*685129 11 59 10*314871 10*045757 

51 *24 9*63950312 52 10*360497 9*685290 1*2 64 10*314710 10*045787 

30 ‘20 9*63963313 56 10*360367 9*685451 13 70 10*314549 10*045818 

52 28 9*63976414 61 10*360236 9*685612 14 75 10*314388 10*045848 

30 30 9*63989415 65 10*360106 9*685773 15 80 10*314227 10*045879 

53 3*2 9*64002416 69 10*359976 9*685934 16 86 10*314066 10*045910 

30 34 9*64015417 74 10*359846 9*686095 17 91 10*313905 10*045940 

54 36 9*64028418 78 10*359716 9*686255 18 96 10*313745 10*045971 

30 38 9*64041419 82 10*359586 9*686416 19 102 10*313584 10*046007, 

55 40 9*64054420 87 10*359456 9*686577 20 107 10* 313423 io*o46o? 2 

30 42 9*64067421 91 10*359326 9*686737 21 1 13 10*313263 10*046063 

56 44 9*64080422 95 10*359196 9*686898 * 2*2 1 18 10*313102 10*046094 

30 40 9*64093423 100 10*359066 9*687059 23 123 10*312941 10*040124 

57 48 9*64106424 104 10*358936 9*687219 24 129 10*312781 10*046155 

30 50 9*64119425 109 10*358806 9*687380 25 134 10*312620 10*046186 

58 52 9*64132426 113 10*358676 9*687540 26 139 10*312460 10*046217 

30 54 9*64145327 1 17 10*358547 9*687701 27 145 10*312299 10*046247 

59 56 9*64158328122 10*358417 9*687861 28150 10*312139 10*046278 

30 58 9*64171229 126 10*358288 9*688021 29 155 10*311979 10*046309 

^ 44 9*64184230 130 10*35815.8 9-688182 30 161 10*311818 10*046340 


18 8 9 * 

9 9 9* 

10 10 9* 

11 II 9- 

12 12 9‘ 

13 13 9* 

14 14 9* 

15 15 9‘ 

16 16 9* 

17 17 9- 

18 18 9* 

19 19 9* 

20 20 9* 

21 21 9* 

22 22 9‘ 

23 23 9 * 

24 24 9* 

25 25 9*1 
2627 9* 
27 28 9' 

2829 9* 

29 30 9* 

30 3 1 9* 


Cosine 

1*955488 

•955458 

*955428 

•955398 

*955368 

•955337 

•955307 

■955^77 

*955^47 

•955217 

•955186 

•955156 

1*955126 

.•955096 

•955065 

•955035 

•955005 

•954974 

•954944 

•954914 

•954883 

•954853 

•954823 

•954792 

•954762 

•95473- 

•954701 

•954671 

*954640 

*954610 

•954579 

•954549 

•9545*8 

•954488 

•954457 

•954427 

■954396 

•954366 

•954335 

•954305 

•954^74 

•954243 

•954213 

•954182 

•954152 

•954*21 




744 


TABLE 68 


LOG. SINES, COSINES, &c. 


Ih 44.11 26 ° 


/ // 

m. 

Sine 

, Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

xn. 

/ It 

0 

0 

9*641842 



10-358158 

9*688182 



10-3118x8 

10*046340 


9*953660 

16 

00 

so 

2 

9*641971 

1' 

4 

10*358029 

9*688342 

1' 

5 

10*311658 

10*046371 

1" 1 

9*953629 


30 

1 

4 

9*642101 

2 

9 

10*357899 

9688502 

2 

11 

10-311498 

10-046401 

2 2 

9*953599 

5 n 

69 

30 

6 

9 6422 20 

3 

*3 

10*357770 

9*6X8663 

3 

16 

10-311337 

10*046432 

3 3 

9*953568 

54 

30 

2 

8 

9*642360 

4 

17 

10*357640 

9-688823 

4 

21 

10-31 1177 

10-046463 

^ 4 

9953537 

5-2 

68 

30 

10 

9*642489 

5 

21 

10*357511 

9*688983 

5 

27 

'.0*311017 

10*046494 

5 5 

9 953506 

50 

30 

3 

12 

9*642618 

6 

26 

10*357382 

9-689143 

6 

32 

10*310857 

10-046525 

6 6 

9*953475 

48 

67 

30 

14 

9*642747 

7 

30 

10*357253 

9-689303 

7 

37 

10*310697 

10*046556 

7 7 

9*953444 

4 « 

30 

4 

16 

9*642877 

8 

34 

10*357123 

9-689463 

8 

43 

10-310537 

10-046587 

8 8 

9*953413 

44 

60 

30 

18 

9*643006 

9 

39 

10-356994 

9-689623 

9 

48 

10-310377 

10*046618 

9 9 

9*95338.’ 

4-2 

30 

5 

20 

9 ’ 643»35 

10 

43 

10*356865 

9-689783 

10 

53 

10*310217 

10*046648 

10 10 

9*953352 

40 

56 

30 

22 

9*643264 

11 

47 

10*351.736 

9-689943 

11 

59 

10-310057 

10-046679 

11 11 

9*953321 

38 

30 

.6 

24 

9 643393 

12 

51 

10-356607 

9*690103 

12 

64 

10*309897 

10-046710 

12 12 

9*953290 

36 

64 

30 

26 

9-643522 

13 

56 

10-356478 

9*690263 

13 

69 

10*309737 

10-046741 

13 13 

9*953259 

34 

30 

7 

,28 

9*643650 

14 

60 

10-356350 

9*690423 

14 

75 

10*309577 

10*046772 

14 14 

9953228 

3-2 

63 

30 

30 

9’643779 

15 

64 

10*356221 

9-690582 

15 

80 

10*309418 

10-046803 

15 15 

9*953197 

30 

30 

• 8 

32 

9*643908 

16 

68 

10*356092 

9*690742 

16 

85 

10*309258 

10-046834 

16 16 

9*953166 

28 

62 

30 

34 

9*644037 

17 

73 

10-355963 

9*690902 

17 

91 

10*309098 

10*046865 

17 18 

9*953135 

-26 

30 

0 

36 

9-644165 

18 

77 

10*355835 

9*691062 

18 

96 

10*308938 

10*046896 

18 19 

9*953104 

•24 

61 

30 

38 

9*644294 

19 

82 

10-355706 

9*691221 

19 

101 

10-308779 

10-046927 

19 20 

9*953073 

•22 

3 ti 

10 

40 

9*644423 

20 

86 

10*355577 

9*691381 

20 

107 

10*308619 

10*046958 

20 21 

9*953042 

20 

60 

30 

42 

9*6445 5 ^ 

21 

90 

10*355449 

9*691540 

21 

112 

10*308460 

10*046989 

21 22 

9-953011 

18 

30 

11 

44 

9*644680 

22 

94 

10-355320 

9-691700 

22 

117 

10*308300 

10*047020 

22 23 

9*952980 

16 

49 

30 

46 

9*644808 

23 

99 

10-355192 

9-691859 

23 

123 

10*308141 

10*047051 

23 24 

9*952949 

14 

30 

12 

48 

9*644936 

24 

103 

10-355064 

9*692019 

24 128 

10*307981 

10*047082 

2425 

9*952918 

12 

48 

30 

50 

9*645065 

25 

107 

10*354935 

9-692178 

25 

133 

10*307822 

10-047114 

25 26 

9 952886 

10 

30 

13 

52 

9*645193 

26 

112 

10*354807 

9-692338 

26 

139 

10*307662 

10*047 14c 

26 27 

9 95**55 

8 

47 

so 

54 

9*645321 

27 

116 

10*354679 

9*692497 

27 

144 

10*307503 

10*047176 

2728 

9-952824 

6 

30 

U 

56 

9-645450 

28 

120 

10*354550 

9*692656 

28 

149 

10*307344 

10-047207 

2829 

9*952793 

4 

40 

30 

5 S 

9*645578 

99 

124 

10*354422 

9*692816 

29 155 

10*307184 

10*047238 

29 30 

9*952762 

*2 

30 

15 

«5 

9*645700 

50 

129 

10*354294 

9*692975 

30 160 

10*307025 

10-047269 

3031 

9*952731 

15 

46 

30 

2 

9*645834 

T 

4 

10*354166 

9*693134 

1 

5 

10*306866 

10*047300 

1 I 

9-952700 

58 

30 

16 

4 

9*645962 

2 

9 

10*354038 

9-693293 

2 

11 

10*306707 

10-047331 

2 2 

9-952669 

56 

44 

30 

6 

9-646090 

3 

»3 

10*353910 

9*693453 

3 

16 

10*306547 

10-047363 

3 3 

9*952637 

54 

30 

17 

8 

9-646218 

4 

17 

10-353782 

9*693612 

4 

21 

10-306388 

10-047394 

4 4 

9-952606 

52 

43 

30 

10 

9*646346 

5 

21 

10*353654 

9*693771 

5 

26 

10-306229 

10-047425 

5 5 

9*952575 

50 

30 

18 

12 

9*646474 

6 

^5 

10-353526 

9*693930 

6 

3a 

10*306070 

10-047456 

6 6 

9*952544 

48 

42 

30 

14 

9*646601 

7 

30 

IO- 3 S 3399 

9*694089 

7 

37 

10*30591 1 

10*047488 

7 7 

9*952512 

46 

30 

10 

16 

9-646729 

8 

34 

10-353271 

9*694248 

8 

42 

10*305752 

10-047519 

8 8 

9*952481 

44 

41 

30 

18 

9*646857 

9 

38 

10*353143 

9*694407 

9 

48 

10-305593 

10-047550 

9 9 

9*952450 

4-2 

30 

20 

20 

9*646984 

10 

42 

10*353016 

9*694566 

10 

53 

10-305434 

10-04758 1 

10 10 

9*952419 

40 

40 

30 

22 

9*647 1 12 

11 

47 

10*352888 

9-694724 

11 

58 

10-305276 

10-047613 

11 11 

9*952387 

38 

30 

21 

24 

9*647240 

12 

51 

10*352760 

9-694883 

12 

63 

10*305117 

10-047644 

1213 

9*952356 

36 

39 

30 

26 

9*647367 

13 

55 

10*352633 

9*695042 

13 

69 

10-304958 

10*047675 

13 14 

9*952325 

34 

30 

22 

28 

9*647494 

14 

59 

10*352506 

9*695201 

14 

74 

10-304799 

10-047706 

14 15 

9*952294 

32 

38 

30 

30 

9*647622 

15 

64 

10*352378 

9*695360 

15 

79 

10*304640 

10-047738 

15 J6 

9*952262 

30 

30 

23 

32 

9*647749 

16 

68 

10-352251 

9*695518 

16 

85 

10*304482 

10*047769' 

^16 17 

9*952231 

‘28 

37 

30 

34 

9*647877 

17 

72 

10*352123 

9*695677 

17 

90 

10-304323 

10*047800 

17 18 

9*952200 

26 

30 

24 

36 

9*648004 

18 

76 

10*351996 

9-695836 

18 

95 

10-304164 

10*047832 

18 19 

9-952168 

‘24 

30 

30 

38 

9*648131 

19 

81 

10*351869 

9695994 

19 

lOI 

10-304006 

10*047863 

19 20 

9*952137 

•22 

30 

23 

40 

9*648258 

20 

85 

10-351742 

9-696153 

20 

106 

10-303847 

10-047894 

2021 

9-952106 

•20 

35 

30 

42 

9*648385 

21 

89 

10-351615 

9-696311 

21 

III 

10*303689 

10*047926 

21 22 

9*952074 

18 

30 

26 

44 

9*648512 

22 

93 

10*351488 

9-696470 

22 

116 

10-303530 

10-047957 

2223 

9*952043 

16 

34 

30 

46 

9*648639 

23 

98 

10*351361 

9-696628 

23 

122 

10-303372 

10-047989 

23 24 

9-9520 1 1 

11 

30 

27 

48 

9*648766 

24 

102 

10*351234 

9-696787 

24 

127 

10*303213 

10*048020 

24 2 D 

9-951980 

12 

33 

30 

50 

9*648893 

25 106 

10*351107 

9-696945 

25 

132 

10-303055 

10*048051 

2526 

9-951949 

10 

30 

28 

52 

9*649020 

no 

10*350980 

9-697103 

26 

138 

10-302897 

10*048083 

2627 

9-951917 

8 

32 

30 

54 

9*649 i4f 

27 

t .5 

10*350853 

9-697262 

27 

143 

10*302739 

10-048114 

27 28 

9-951886 

6 

30 

29 

56 

9*649274 

28 119 

10*350726 

9 697420 

28 

148 

10*302580 

10-048146 

28 29 

9*951854 

4 

31 

30 

58 

9*649401 

29 

123 

10*350599 

9-697578 

29 

153 

10*392422 

10-048177 

29 30 

9-951823 

2 

3l> 

30 

%€ 

9*64932- 

30 

127 

10*350473 

9*697736 

30 

159 

10*302264 

10*048209 

30 31 

9-951791 

0 

.30 

/ // 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 


■ / // 




4 *» 1 4 '” 





TABLE 68 


746 


LOG. SINES, COSINES, &c. 

Ih 45ni 26 ° 

f ff 

Sine Parts Cosec. Tangent Parts Cotang. 

Secant 

Parts 

Cosine 

m. 

K. 

/ // 

:W) 0 9*649<;27 lo* 9-6977^6 io*'?o2z64 

10*048209 


9*951791 


ao 

30 2 9*6496<;4 l " 4 io*'?<;o'? 46 9*697894 1'' <: io-';o2io6 

10*048240 

1 "' I 

9*951760 

6 S 

30 

31 4 9-649781 2 8 10-350219 9*698053 2 11 10-301947 

10*048272 

2 2 

9*951728 

56 

29 

30 0 9-649907 .3 1“? io-3<;oo9-? 9*698211 3 16 10-301789 

10*048303 

3 3 

9*951697 

54 

30 

32 8 9-650034 4 17 10*349966 g-698369 4 21 10*301631 

10*048335 

4 

9*951665 

52 

28 

30 in 9*650160 5 21 10*349840 9*69852711 5 26 10*301473 

10*048366 

5 5 

9*951634 

50 

30 

33 l*i 9*650287 6 25 10*349713 9*698685 6 32 10*301315 

10*048398 

6 6 

9*951602 

48 

27 

30 U 9*650413 7 29 10*349587 9*69884? 7 37 10*301157 

10*048430 

7 7 

9-951570 

46 

30 

34 16 9*650539 8 34. 10*349461 9*699001 8 42 10*300999 

10*048461 

s 8 

9 ’ 95 i 539 

44 

26 

30 18 9*650666 9 38 10*349334 9*6991 ‘;9 9 47 10*300841 

10*048493 

9 9 

9*951507 

42 

30 

35 20 9*65079210 42 10*349208 9*699316 10 53 10*300684 

10*048524 

10 11 

9*951476 

40 

25 

30 22 9*65091811 46 10*349^82 9*699474 li 58 10*300526 

10*048556 

11 12 

9*951444 

38 

30 

30 *24 9*65104412 51 10*348956 9*699632 12 63 10*300368 

10*048588 

12 13 

9*951412 

.-10 

24 

30 *26 9*65117113 55 10*348829 9*699790 13 68 10*300210 

10*048619 

13 14 

9*951381 

.14 

30 

37 *-28 9*651297 14 59 10*348703 9*699947 14 74 10*300053 

10*048651 

14 15 

9*951349 

3-2 

23 

30 30 9*65142315 63 10*348577 9*700105 15 79 10*299895 

10*048683 

15 16 

9-951317 

30 

30 

38 32 9*65154916 67 10*348451 9*700263 16 84 10*299737 

10*048714 

16 17 

9*951286 

28 

22 

30 34 9*65167'; 17 71 10*348325 0*700420 17 80 10*299580 

10*048746 

17 18 

9*951254 

26 

30 

39 36 9*65180018 76 10*348200 9*700578 IS 95 10*299422 

10*048778 

18 19 

9*951222 

24 

21 

30 38 9*65192619 So 10*348074 9*700736 19100 10*299264 

10*048809 

19 20 

9*951191 

22 

30 

40 40 9*65205220 84 10*347948 9*700893 20 IC5, 10*299107 

10*048841 

20 21 

9*951159 

20 

20 

30 42 9*65217821 88 10*347822 9*701051 21 lie 10*298949 

10*048873 

21 22 

9*951127 

18 

30 

41 44 9*65230422 92 10*347696 9*701208 22 u6 10*298792 

10*048904 

2223 

9*951096 

16 

19 

30 46 9*65242923 97 I 0 * 347 ‘; 7 I 9*701365 '23 I2J 10*298635 

10*048936 

23 24 

9-951064 

14 

30 

42 48 9*65255^24 101 10*347445 9*701523.24 126 10*298477 

10*048968 

2425 

9*951032 

12 

18 

30 .50 9*65268025105 10*347320 9*701680 25 131 10*298320 

10*049000 

25 26 

9*951000 

10 

30 

43 52 9*65280626 109 10*347194 9*701837 [26 137 10*298163 

10*049032 

26 27 

9*950968 

8 

17 

30 04 9*65293127 I13 10*347069 9*701995:27 142 10*298005 

10*049063 

27 28 

9-950937 

6 

30 

44 66 9*65305728118 10*346943 9*702152 128 147 10*297848 

ID -*04909 5 

2829 

9*950905 

4 

IG 

30 58 9*65318229122 10*346818 9*702309 , *29 1 53 10*297691 

10-049127 

29 31 

9-950873 

2 

.-10 

43 47 9*65330830 126 10*346692 9*702466 30 158 10*297534 

10-049159 

30 32 

9-950841 

X3 

15 

30 2 9*653433 1 4 10*346567 9*702623; 1 '•0*297377 

10*049191 

1 1 

9 950809 

58 

30 

46 4 9*653558 2 8 10-546442 9*702781 2 JO 10-297219 

10*049222 

2 2 

9-950778 

56 

14 

30 6 9*653683 3 12 10*346317 9*702938 3 16 10*297062 

iO-049254 

3 3 

9*950746 

5 * 

.'10 

47 8 9*653808 4 17 10*346192 9*703095 4 21 10*296905 

10*049286 

4 4 

9*950714 

5*2 

1 13 

30 10 9*653934 5 21 10*346066 9*703252 5 26 10*296748 

10*049318 

! 5 5 

9*950682 

50 1 

1 JO 

48 12 9*654059 6 25 10-345941 9*703409 6 31 10-296591 

10*049350 

6 6 

9*950650 

48 

12 

30 14 9-654184 7 29 10*345816 9-703566 7 37 10*296434 

10-049382 

7 7 

9*950618 

46 

;-:o 

48 16 9654309 8 33 10*345691 9*703722 8 42 10*296278 

10-049414 

8 9 

9*950586 

+1 


.30 18 9*654434 9 37 10*345566 9*703879 9 47 10*296121 

10*049446 

9 10 

9*950554 

42 

[ 30 

60 20 9*65455810 42 10*345442 9*704036 10 52 10*295964 

10-049478 

10 11 

9*950522 

40 

10 

30 22 9*65468311 46 10*345317 9*704193 11 57 10-295807 

10-049510 

11 12 

9*950490 

;tH 

30 

61 24 9*654808 12 50 10*345192 9*704350 12 63 10-295650 

10*049542 

12 13 

9*950458 

:j6 

9 

30 26 9*65493313 54 10*345067 9-704506 13 68 10-295494 

10*049574 

13 14 

9*950426 

.14 

30 

62 28 9*65505814 58 10*344942 9*704663 14 73 10*295337 

10*049606 

14 15 

9*950394 

32 

8 

30 30 9*65518215 62 10-344818 9-704820 15 78 10*295180 

10*049638 

15 16 

9-950362 

30 

30 

63 32 9*65530716 6 f 10*344693 9*704976 16 84 10*295024 

10*049670 

16 17 

9*950330 

28 

7 

30 34 9*655431 17 71 10*344569 9*705133 17 89 10-294867 

10*049702 

17 18 

9-950298 

26 

1 30 

54 36 9'655556 i8 75 10*344444 9*705290 18 94 10*294710 

10*049734 

18 19 

9*950166 

24 

1 6 

30 38 9*655680 19 79 10*344320 9*705446 19 99 10*294554 

10*049766 

i 9 20 

9-950234 

22 

30 

66 40 9*65580520 83 10*344195 9*705603 20 104 10*294397 

10*049798 

20 21 

9*950202 

20 

5 

30 42 965592921 87 10*344071 9*705759 21 no 10*294241 

10-049830 

21 22 

^950170 

18 

30 

66 44 9*65605422 91 10*343946 9*705916 22 115 10 294084 

10*049.862 

2223 

9*950138 

16 

4 

30 46 9*65617823 95 10*343822 9*706072 23 120 10*293928 

10*049894 

23 25 

9*950106 

14 

30 

67 "18 9*65630224 100 10*343698 9*706228 24 125 10*293772 

10*049926 

24 26 

9-950074 

12 

3 

30 50 9-65642625 104 10*343574 9*706385 25 130 10*293615 

10*049958^ 

25 27 

9*950042 

10 

30 

68 52 9-65655126 108 10*343449 9*706541 26 136 10*293459 

10*049990 

2628 

9*950010 

8 

2 

30 54 9*65667527 1 12 10*343325 *9*706697 27 141 10*293303 

10*050023 

27 29 

9-949977 

6 

30 

59 50 9*65679928 116 10*343201 9*706854 28 146 10-293146 

10*050055 

28 30 

9-949945 

4 

I 

30 .'58 9*65692329 120 10*343077 9*707010 29 151 10*292990 

10*050087 

2931 

9-949913 

2 

:io 

80 43 9*65704730 125 10*342953 9*707166 .30 157 10*292834 

io*o<;oi 19 

30 32 

9*949881, 

ri 

0 





746 TABLE 68 


LOG. SINES, COSINES. &c. 



Ih 4 an, 





27 ° 







m 

u 

Sine 

1 Parts 

Cosec. 

Tangent 

IParts 

Cotang, 

Secant 

Parts 

Cosine 

m. 

/ // 

0 

0 

9-657047 



10-342953 

9*707166 



10*292834 

10-0501 IQ 


9*949881 

12 

(JO 

30 

2 

9-657171 

1' 

" 4 

10*342829 

9*707322 

V 

" 5 

10*292678 

10-050151 

l " I 

9-949849 

38 

30 

. 1 

4 

9-657295 

2 

8 

10-342705 

9*707478 

3 

10 

10*292522 

10*050184 

2 2 

9-949816 

G(> 

59 

30 

6 

9-657418 

3 

12 

10*342 <;82 

9-707634 

3 

16 

10*292366 

10-050216 

3 3 

9-949784 

34 

50 

2 

8 

9*657542 

4 

16 

10*342458 

9-707790 

4 

21 

10-292210 

10-050248 

4 4 

9-949752 

5-2 

5 » 

30 

10 

9*657666 

5 

21 

10 * 34^334 

9*707946 

5 

26 

^0*292054 

10-050280 

5 5 

9-949720 

50 

30 

3 

12 

9-657790 

6 

25 

10*342210 

9-708102 

6 

31 

10*291898 

10*050312 

6 6 

9-949688 

48 

67 

30 

14 

9*657913 

7 

29 

10-342087 

9-708258 

7 

36 

10-291742 

10-050345 

7 8 

9-949655 

46 

30 

4 

10 

9*658037 

8 

33 

10*341963 

9-708414 

8 

42 

10-291586 

10-050377 

8 9 

9-949623 

44 

56 

30 

18 

9*658161 

9 

37 

10-341830 

9-708570 

9 

47 

10*2914.30 

10-050409 

9 10 

9-949591 

42 

30 

5 

20 

9*658284 

10 

41 

10*341716 

9*708726 

\9 

52 

10*291274 

10*050442 

10 II 

9-949558 

40 

55 

30 

22 

9*658408 

11 

45 

10-341592 

9-7c8XX2 

11 

57 

10-291 118 

10-050474 

11 12 

9-949526 

38 

30 

6‘ 

24 

9-658531 

12 

49 

10*341469 

9-709037 

12 

62 

10*290963 

10-050506 

12 13 

9-949494 

56 

54 

30 

2f> 

9*6586 ;5 

13 

53 

10-341345 

9-709193 

13 

67 

10*290807 

10*050538 

13 14 

9-949462 

54 

30 

7 

28 

9 * 6587*/8 

14 

S 7 

10*341222 

9-709349 

14 

73 

10*290651 

10-050571 

14 15 

9 * 9494^9 

32 

53 

30 

30 

9*658901 

15 

62 

10*341099 

9-709504 

15 

78 

10*290496 

10*050603 

15 16 

9*949397 

30 

30 

8 

32 

9*659025 

16 

66 

io ‘340975 

9*709660 

16 

83 

10-290340 

10-050636 

16 17 

9-949364 

28 

52 

30 

31 

9*659148 

17 

70 

10*340832 

9*709816 

17 

88 

10-290184 

10050668 

17 18 

9-949332 

*26 

30 

0 

36 

9*659271 

18 

74 

10*340729 

9-709971 

18 

93 

10*290029 

10-050700 

18 19 

9-949300 

*21 

51 

30 

'38 

9*659394 

19 

78 

10-340606 

9-710127 

19 

99 

10-289873 

10*050733 

19 21 

9-949267 

-2-2 

30 

10 

40 

9*659517 

20 

82 

10*340483 

9*710282 

20 

104 

10-289718 

10*050765 

20 22 

9-949^35 

‘2« 

50 

30 

42 

9*659640 

21 

86 

10-340360 

9-710438 

21 

109 

10*289562 

10-050798 

21 23 

9-949202 

18 

50 

11 

44 

9-659763 

22 

90 

10*340237 

9*710593 

22 

114 

10*289407 

10*050830 

22 24 

9*949170 

16 

40 

30 

46 

9-659886 

23 

95 

10*3401 14 

9*710749 

23 

119 

10-289251 

10*050862 

23 25 

9-949138 

14 

50 

12 

48 

9*660009 

24 

99 

10-339991 

9-710904 

24 

125 

10*289096 

10*050895 

24 26 

9949105 

12 

4 U 

30 

50 

9*660132 

25 

103 

10*339868 

9*711059 

25 

130 

10*288941 

10*050927 

25 27 

9-949073 

10 

30 , 

13 

52 

9*660255 

26 

107 

io ’339745 

9*711215 

126 

135 

10*288785 

10*050960 

2628 

9*949040 

8 

47 1 

30 

54 

9*660378 

27 III 

10-339622 

9*711370 

|27 140 

10*288630 

10*050992 

27 29 

9*949008 

6 

30 

U 

56 

9-660501 

28 

"S 

10*339499 

9*711525 

28 

H 5 

10*288475 

10*051025 

28 30 

i 9 ' 94 !i 975 

4 

4 t) 

30 

58 

9-660623 

29 119 

10*339377 

9*711681 

29 

151 

10*288319 

10*051057 

2931 

9*948943 

2 

30 

Id 

49 

9-660746 

30 

123 

10*339254 

9*711836 

30 

156 

10*288164 

10*051090 

30 32 

9*948910 

11 

45 

30 

2 

0*660869 

1 

4 

10*339131 

9-711991 

' 1 

5 

10*288009 

10*051122 

1 I 

9-948878 

58 

30 

18 

4 

9*660991 

2 

8 

10*339009 

9*712146 

3 

10 

10-287854 

10-051155 

2 2 

9-948845 

56 

•*4 

30 

6 

9*661114 

3 

12 

10-338886 

9-712301 

3 

15 

10*287699 

10*051188 

^ 3 

9-948812 

54 

30 

17 

8 

9-661236 

4 

16 

10-338764 

9-712456 

4 

21 

10-287544 

10*051220 

4 4 

9-948780 

52 

43 

30 

10 

9 661359 

5 

20 

10-338641 

9-712611 

5 

26 

10*287389 

10*051253 

1 ® 5 

9-948747 

50 

30 

18 

12 

9-661481 

6 

24 

10-338519 

9*712766 

6 

31 

10*287234 

10-051285 

6 7 

9-948715 

48 

42 

30 

14 

9-661603 

7 

28 

10*338397 

9-712921 

7 

36 

10-287079 

10-051318 

7 8 

9-948682 

•16 

30 

10 

16 

9*661726 

8 

33 

10-338274 

9-713076 

8 

41 

10*286924 

10*051350 

8 9 

9*948650 

44 

41 

30 

18 

9-661848 

9 

37 

10-338152 

9-713231 

9 

46 

10*286769 

10-051383 

9 10 

9*948617 

42 

30 

20 

20 

9-661970 

10 

41 

10*338030 

9*713386 

10 

52 

10-286614 

10-051416 

10 II 

9-948584 

40 

40 

30 

22 

9-662092 

11 

45 

10*337908 

9*713541 

11 

57 

10*286459 

10*05 144S 

11 12 

9-94855^ 

38 

50 

21 

24 

9-662214 

12 

49 

10*337786 

9*713696 

12 

62 

10-286304 

10*051481 

12 13 

9-948519 

36 

39 

30 

20 

9-662337 

13 

53 

10*337663 

9*713850 

13 

67 

10*286150 

10*051514 

13 14 

9*948486 

34 

30 

22 

2 S 

9-662459 

14 

57 

10*337541 

9-714005 

14 

72 

10*285995 

10*051546 

14 15 

9-948454 

32 

33 

30 

30 

9-662581 

15 

61 

10-337419 

9*714160 

15 

77 

10-285840 

10*051579 

15 16 

9-948421 

30 

30 

23 

32 

9*662703 

16 

65 

10-337297 

9-714314 

16 

83 

10*285686 

10*051612 

16 17 

9*948388 

28 

37 

30 

34 

9*662825 

17 

69 

10-337175 

9*714469 

17 

88 

10*28553 1 

10*051645 

17 i8 

9*948355 

•26 

30 

24 

36 

9*662946 

18 

73 

10*337054 

9-714624 

18 

93 

10*285376 

10*051677 

18 19 

9-948323 

24 

36 

30 

38 

9-663068 

19 

77 

10-336932 

9*714778 

19 

98 

10*285222 

10*051710 

19 21 

9-948290 

•22 

30 

25 

40 

9*663190 

20 

81 

10*336810 

9*714933 

20 

103 

10*285067 

10-051743 

20 22 

9-948257 

20 

35 

30 


9*663312 

21 

85 

10-336688 

9*715087 

21 

108 

10*284913 

10-051776 

21 23 

9-948224 

18 

30 

1 

[ 44 

9'663433 

22 

80 

10*336567 

9*715242 

S22 

1 14 

10*284758 

10-051808 

22 24 

9*948192 

16 

34 

30 

46 

9-663555 

23 

94 

10*336445 

9-715396 

23 

119 

10-284604 

10-051841 

1 23 25 

19*948159 

14 

30 

27 

48 

9-663677 

24 

98 

10-336323 

9*715551 

24 

124 

10*284449 

10-051874 

24 26 

9*948126 

12 

33 

30 

50 

9-663798 

25 

102 

10*336202 

9*715705 

25 

129 

10-284295 

10-051907 

25 27 

9-948093 

10 

30 

2« 

52 

9*663920 

26 106 

10*336080 

9-715860 

26 

134 

10-284140 

10-051940 

20 28 

9*948060 

8 

32 

30 

54 

9-664041 

27, 

.110 

10*335959 

9*716014 

27 139 1 

10*283986 

10051972 

27 29 

9*948028 

6 

30 

20 

56 

9-664163 

28 

1 14 

10*335837 

9*716168 

28 

144 

10*283832 

io'o520O5 

28 31 

9*947995 

4 

31 

30 

38 

9*664284 

29 1 18 

10*335716 

9*716322 

29 150 

10*283678 

10*052038 

29 32 

9*947962 

2 

30 

30 1 

50 

9*664406 

30 

122 

10*335594 

9*716477 

30 

*55 

10*283523 

10*052071 

3033 

9*947929 

0 

30 

/ // 

m. 

1 4 . 

Cosine 

j Parts 

Secant 

Cotang. 

Parts 

Tangent 

Coscc. 

Parts 

Sine 

m. 

/ // 








62 ° 




4 h 

10" 

1 






TABLK 68 


747 


LOG. SINES, COSINES, &c. 


Sine Parts 
0 9‘6644 o 6 
2 9-664527 l" 4 
4 9*664648 2 8 

6 9-664769 3 12 

H 9*664891 4 16 

10 9-665012 5 20 
i-i 9’^65 ij3 6 24 
14 9*665254 7 28 
10 9*665375 8 32 
18 9-665496 9 36 
*20 9-665617 10 40 
‘22 9-66573811 44 
21 9-66585912 48 
‘20 9*665979 13 52 

28 9*66610014 561 
30 9*666221 15 60 

32 9*666342 16 64 

34 9*666462 17 68 
36 9*666583 18 72 
38 9*666703 19 76 
40 9^- 666824 20 80 
42 9-66694421 84 

14 9*667065 22 88 
10 9*66718523 92 
18 9-66730524 96 
lO 9*66742625 10 1 
»2 9*667546 26 105 
n 9*66766627 109 : 
'6 9*66778628 113 
18 9*66790620 117 ] 

1 9*66802730 121 1 

2 9*668147 1 4 ] 

4 9*668267 2 8 i 

6 9*668386 3 12 I 

8 9*668506 4 16 1 

0 9*668626 5 20 I 

2 9*668746 6 24 I 

4 9*668866 7 28 1 

3 9*668986 8 32 I 

1 9*669105 9 36 I 
) 9*669225 10 40 I 
t 9*66934511 44 7 
1 9*66946412 48 1 
J 9*66958413 52 1 
J 9*669703 14 56 Ii 
► 9*669823 15 60 li 
I 9*669942 16 64 i( 

9*67006147 68 I( 
9*670181 18 72 l( 
9*670300 19 76 1< 

9*670419 20 80 l< 

9*67053821 84 u 
9*67065822 88 It 
9*67077723 92 1C 
9*67089624 96 ic 

9*67101525 100 1C 
9*671134 26 104 IC 
9*671253 27 107 IC 
9*67137228 III 1C 
9*67149029 1 15 1C 

9*67 1609 *^0 1^9 10 
Cosine Parts 


-ts I Cosec. 

'^0*335594 
4 ^0*335473 
8 *0*33535^ 
12 10*335231 
16 10-335109 
io 10-334988 
H *0*334867 
18 10-334746 
;2 10-334625 
|6 10-334504 

^o 10*334383 

■4 10*334262 

■8 10-334141 

12 10*334021 
6 10*333900 

o 10-333779 

4 10-333658 
8 10*333538 

2 10*333417 
6 10*333297 

0 10*3 3 3j7^ 

4 10*333056 

8 10*332935 

1 10-332815 

3 10-332695 
1 ic’*332574 
j 10*332454 
) 10*332334 
j 10*332214 
r 10*332094 
■ io*33i973 

- 10*331853 < 

' 10*331733 ! 

10-331614 « 
' 10*331494 t 

' 10*331374 ! 

10-331254 < 
10-331134 c 
10-331014 c 
10*330895 5 
10-330775 
10*330655 5 
10*330536 5 
10*330416 Cj 
10*330297 5 
10*330177 5 
10-330058 9 
10-329939 9 
10-329819 9 
10*329700 9 
io’32qt;8 1 9 
10*329462 9 
10-329342 9 
10*329223 9 
10*329104 9 
10*328985 9 
10*328866 9 
10*328747 9 
10*328628 9 
10*328510 9’ 
10*328391 9' 

Seoiiiit ( 


Tangent 

4 9*716477 I 
3 9*716631 

2 9*716785 
1 9*716939 
9 9*717093 
8 9*717247 
7 9*717401 

6 9*717555 

5 9*717709 
^ 9*717863 
1 9*718017 

i 9*718171 1 
1 9*718325 1 
1 9*718479 1 

3 9*718633 ] 
) 9*718786 1 
I 9*718940 1 
I 9*719094 1 

' 9*719248 1 
9*719401 1 

9*719555 2 
9*719708 2 
9*719862 2 
9*720016 2. 
9*720169 2 
9*720322 2i 
9*720476 2( 
9*720629 2' 
9*720783 21 
9*720936 2< 
9*721089 3( 
9*721243 i 
9*721396 5 
9*721549 a 
9*721702 4 
9*721855 5 
9*722009 6 
9*722162 7 
9-722315 8 

9*722468 9 
9*722621 10 
9*722774 11 
9*722927 12 
9*723080 13 
9*723232 14 
9*723385 15 
9*723538 If) 
9*723691 17 
9*723844 18 
9*723996 19 
9*724149 20 


9*724302 
9*724454 
I 9*724607 
9*724760 : 
9*724912 ! 
9*725065 ! 
9*725217 ! 
9*725370 ! 
9*725522 1 
9*725674 ; 

Cotang. 


irts Cotang. 
10-283523 
5 10*283360 
10 10-283215 
15 10-283061 
20 10-282907 
26 10-282753 
31 10-282599 
36 10*282445 
41 10*282291 
46 10*282137 
51 10*281983 
56 7o-28i829 
61 10-281675 
67 10*281521 
72 10*281367 
77 10*281214 
82 10-281060 
87 10*280906 
92 10*280752 
97 10*280599 

32 10*280445 

38 10*280292 ; 
13 10*280138 ] 
18 10*279984 : 
13 10-279831 ] 
18 10*279678 1 
}3 10 * 2^79524 1 
{8 10*279371 1 
n 10-279217 1 
1-8 10*279064 1 
10-278911 I 

S 10*278757 I 
o 10*278604 I 
5 10-278451 I 
o 10*278298 I 

5 10-278145 I 

0 10-277991 I 

6 10-277838 i< 

1 10-277685 K 
6 10-^177532 K 
1 1^_2 ^77379 1 < 
6 10*277226 i( 
I 10-277073 K 

6 10*276920 i< 
I 10-276768 i( 
5 10*276615 i( 
I 10*276462 K 

7 10*276309 IC 
t 10-276156 IC 
7 10-276004 IC 
I ^*^5851 1C 
7 10-275698 IC 
s 10-275546 IC 
T 10*275393 1C 
i 10*275240 IC 
r 10*275088 10 
' 10*274935 10 
' 10*274783 10 
1 10*274630 IO 
: 10*274478 IO 

10-274326 IO 

Tangent 


23 10*052071 
69 10*052104 
15 10*052137 
61 10*052170 

07 10-052203 
53 10*052236 
99 10-052269 
45 10*052302 
91 10*052335 
37 10*052367 
^3 10*0 52400 
19 10-052433 
^5 10*052467 
II 10*0525001 
»7 10*052533 

4 10-052566 

0 10-052599 

6 10*052632 
2 10*052665 
9 10*052698 

5 10*052731 
2 10-052764 

8 10*052797 
4 10-052830 

1 10-052864 
8 10*052897 
4 10*052930 
I 10*052963 

7 10*052996 
^ 10*053030 

I 10-05306 3 : 
7 10*053096 ' 
y 10*053129 
t 10*053163 
{ 10-053196 
; 10-053229 
: 10*053262 
' 10-053296 
10*053329 
10-053362 
10-053396 1 
10*053429 1 
10*053462 1 
10*053496 1 
10-053529 1 
10-053563 1 
10-053596 1 
10*053629 1 
10-053663 I 
10*053696 1 
10*053 730 2 
10*053763 2 
10-053797 2 
10*053830 2; 
10*053864 2- 
10-053897 21 
10-053931 2( 
10*053964 2; 
10*053998 2( 
10*05403 1 2< 
10*054065 3( 


Coseo. I 


L. ^^1*^-*^ Cosin e 

71 9*9479^9 

34 1 I 9*947896 

37 2 2 9*947863 

70 3 3 9-947830 

33 4 4 9*947797 

36 5 5 9-947764 

h 7 9*947731 

32 7 8 9*947698 

35 8 9 9-947665 

>7 9 IO 9*947633 

>0 10 II 9*9476co 
13 11 12 9^^475^ 

17 12139*947533 

0 13 14 9*947500 
3 14 15 9*947467 

6 15 16 9*947434 
9 16 18 9*947401 
2 17 19 9*947368 

5 18 20 9*947335 
8 19 21 9*947302 

1 2022 9*9472 69 : 
1- 21 23 9*947236 

7 22249*947203 
:> 23 2 5 9*947170 
I- 24 26 9*947136 

7 25 28 9*947103 ; 
5 26 29 9*947070 
5 27 30 9*947037 
) 2831 9*947004 
) 29 32 9*946970 
L 3033 9*946937 I 
> 1 I 9*946904 5 

I 2 2 9*946871 5 
; 3 3 9*946837 a 

' 4 4 9-946804 5 

5 6 9*946771 5 

6 7 9-946738 -1 

7 8 9*946704 

8 9 9-946671 

9 JO 9‘9466-:8 4 

10 1 1 9 -946604 II 

11 IZ 9-946571 ;i; 

12139*946538 .51 

13 14 9-946504 3 

14 t6 9-946471 3! 
15179-946437 3( 

16 18 9*946404 it 

17 19 9*946371 ‘2t 

18 20 9*946337 VI 

1921 9*946304 ‘2’J 
20 22 9-946270 VC 
21239*946237 IS 
2224 9*946203 Ifi 
2326 9*946170 14 
2427 9-946136 12 
2528 9-946103 10 
2629 9*946069 8 

27 30 9-946036 ^ 

2831 9*946002 4 

29 32 9-945969 2 

^033 9*94593 5 « 

Parts I Sine m 
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TABLE 68 


•j Sine 1 Parts 

Cosec. 

9*671609 


10*328391 

9*671728 r 

' 4 

10*328272 

9*671847 2 

8 

10*328153 

9-671965 A 

12 

10*328035 

9-672084 4 

16 

10*327016 

9*672203 6 

20 

10*327797 

9*672321 6 

24 

10*327679 

9*672440 7 

28 

10*327560 

9*672558 8 

32 

10*327442 

9*672677 9 

35 

10*327323 

9*672795 10 

39 

10*327205 

9*672914 11 

43 

10*327086 

9*673032 12 

47 

10*326968 

9*673150 13 

5« 

10-326850 

9*673268 14 

55 

10*326732 

9*67338715 

59 

10-326613 

9*673505 16 

63 

10*326495 

9*673623 17 

67 

10-326377 

9*673741 18 

71 

10*326259 

9*67385919, 

75 

10-326141 

9*67397720 

79 

10*326023 

9-67409521 

83 

10-325905 

9*674213 22 

87 

10*325787 

9*674331 23 

91 

10*325669 

9-674448 24 

95 

10*325552 

9-674566125 

99 

10*325434 

1 9*674684 26 lo-? 

10*325316 

9*674802 27 

106 

10*325198 

9*67491928 

1 JO 

10*325081 

9*67503729 

114 

10*324963 

9*67515530 

1 18 

10*324845 

9*675272 1 

4 

10*324728 

9*675390 2 

8 

10*324610 

9-675507 3 

12 

10*324493 

9-675624 4 

16 

10*324376 

9-675742 5 

19 

10*324258 

9*675859 6 

^3 

10*324141 

9*675976 7 

27 

10*324024 

9*676094 8 

3' 

10*323906 

9-676211 9 

35 

10*323789 

0-676328 10 

39 

10-323672 

9-676445 11 

43 

10-323555 

9-676562 12 

47 

10*323438 

9*676679 13 

5* 

10*323321 

9-676796 14 

55 

10*323204 

9*676913 15 

58 

10-323087 

9*677030 16 

62 

10-322970 

9-67714717 

66 

10-322853 

9-677264 18 

70 

10-322736 

9-677381 19 

74 

10*322619 

9-677498 20 

78 

10*322502 


Parts 

Cotang. 

Secant 

Parts Cosine 




10*274326 

10*054065 

9'945935 

“a 

CO 

1" S 

10*274173 

10*054099 

1" I 9*945901 

.•JS 

.3( 

2 10 

10*274021 

10*054132 

2 2 9*945868 


59 

3 15 

10*273869 

10*054166 

3 3 9-945834 

04 

3(1 

4 20 

10*273716 

10*054200 

4 4 9*945800 

0*i 

5» 

5 t5 

10*273564 

10*054233 

5 6 9*945767 

00 

3( 

6 30 

fo'273412 

10*054267 

6 7 9*945733 

48 

57 

7 35 

10*273260 

10-054300 

7 8 9*945700 

46 

3(1 

8 40 

10*273108 

10-054334 

8 9 9*945666 

44 

AC 

9 46 

10*272955 

10-054368 

9 10 9*945632 

4-2 

30 

10 51 

10*272803 

10-054402 

10 11 9-945598 

40 

55 


9'67773i22 86 

9*677848 2.3 89 
9-67796424 93 
9678081 2.*} 97 
9-67819726 lOI 
9-6783,^1.27 105 
9-67843028 109 
9-67854729 113 
b 9'678663 30 117 

Cobine Parts 


!iO'322I52 

10*322036 

10*321919 

10*321803 

10-321686 

10*321570 

10-321453 

Secant 


LOG. SINES, COSINES, &c. 


Tangent 

9-725674 

9*725827 

9*7^5979 

9-726131 

9-726284 

9*726436 

9*726588 I 
9*726740 
9*726892 
9-727045 


9-727501 12 61 
9-727653 13 66 
9*727805 14 71 
9*727957 15 76 
9*728109 16 81 
9*728261 17 86 
9-728412 18 91 i 
9*728564 19 96 
9-728716 |20 101 j 


9-728868 21 106 
9*729020 22 III 
9*729171 23 116 
9*729323 24 121 
9*729475 25 126 
9*729626 26 132 

9*729778 27 137 

9*729929 28 142 
9*730081 29 147 
9*7 30233 30 152 
9*730384 1 5 

9*730535 2 10 

9*730687 3 15 
9*730838 4 20 
9*730990 6 25 
9*731141 6 30 

9*731292 7 35 
9*731444 8 40 

9*731595 9 45 
9*731 746 10 50 
9*731897 11 55 

9*732048 12 60 
9*732200 1.3 65 
9-732351 14 70 
9-732502 15 751 
9-732653 16 80 
9*732804 17 86 
9*73^955 91 

9*733106 19 96 

9*733257 20 lOl 


9-733408 |21 106 

9*733558 122 III 

9*733709 |23 116 

9*733860 j‘24 121 
9-734011 25 126 
9-734162 26 13 I 
9*734312 27 136 

9*734463 28 14 1 

9*734614 29 146 
9*734764 30 15 1 


Cotang. Parts | 


10-272499 

10-272347 

10*272195 

10*272043 

10*271891 

10*271739 

10*271588 

10-271436 

10*271284 


10-271132 
10*270980 
10*270829 
10*270677 
10-270525 
10*270374 
10*270222 
10*270071 
10*269919 
10*269767 
10*269616 
10*269465 
10*269313 
10*269162 
10*269010 
10*268859 
10*268708 
10*268556 
10*268405 
10*268254 
10*268 103 
10*267952 
10*267800 
10*267649 
110*267498 
10-267347 
10*267196 
10*267045 
10*266894 
10*266743 


10*266592 

10*266442 

10*266291 

10*266140 

10*265989 

10*26583^ 

10*265688 

10-265537 

10*265386 

10^265236 


Tangent 


10-054469 1213 9*94553 > 
10-054503 13 15 9*945497 
10*054536 14 16 9*945464 
10*054570 15 17 9*945430 
10*054604 16 t8 9’945396 
10-054638 17 19 9*945362 
10*054672 18 20 9*945328 
10054705 19 21 9*945295 
10-054739 20 23 9-945261 

10-054773 21 24 9*945^ 
10*054807 2225 9*945193 
10-054841 2326 9*945159 
10*054875 24 27 9*9451^5 
10 054908 2528 9*945092 
10*054942 2629 9*945058 
10*054976 27 30 9*945024 
10*055010 2831 9*944990 
10*055044 2932 9*944956 
10*055078 30349*944922 


10*055112 1 1 9*944888 


10*055112 
10*055146 2 2 9*944854 

10*055180 3 3 9*944820 

10*055214 4 5 9*944786 

10*055248 5 6 9*944752 

10-055282 6 7 9*944718 

10*055316 7 8 9*944684 

10 055350 8 9 9*944650 

10*055384 9 10 9*944616 

10*055418 10 1 1 9-944582 
10*055452 11 12 9*94454^5 
10*055486 12 14 9*944514 
10*055520 1315 9*944480 
10*055554 14 16 9*944446 
10*055588 15 17 9*944412 

10*055623 1C 18 9*944377 
10*055657 17 19 9*944343 
10*055691 18 20 9*944309 
10-055725 19 22 9*944275 
10-055759 2023 9*944 24^ 
10-055793 21 24 9-944207 
10-055828 2225 9-944172 
10-055862 232619-944138 
10-055896 2427 9-944104 
10*055930 2528 9-944070 
10-055964 2629 9-944036 
10-055999 2731 9-944001 
10-056033 2832 9*943967 
10-CC6067 2833 9*943933 
10-056101 3034 9-943899 


C 












TABLE 68 
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LOG. SINES, COSINES, &c. ] 

jii 54m 












/ // 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine I 

m. 

*<■ 

/ // 

HO 

0 

9-678663 



10*321337 

9*734764 


10*265236 

10*056101 

19*943899 

6 

“30" 

30 

2 

9*678779 

1" 

4 

10*321221 

9 * 7 T 4915 

1 " 5 

10*26^085 

10*0561 36 

T' 1 

9*943864 

58 

30 

31 

4 

9-678895 

2 

8 

10*321105 

9*735066 

2 10 

10*2640^4 

10*056170 

2 2 

9-943830 

5 U 

29 

30 

6 

9-679012 

3 

12 

10*320988 

9-735216 

3 15 

10*264784 

10*056204 

3 

9*943796 

54 

30 

32 

8 

9*679128 

4 

25 

10*320872 

9*735367 

4 20 

10*2646';'; 

10*056239 

^ 5 

9-943761 

5-2 

2H 

30 

10 

q-C 79244 

5 

19 

10-320756 

9*735517 

4 25 

10-264483 

10*056273 

5 6 

9-943727 

51 ) 

30 

33 

12 

9*679360 

6 

23 

10*320640 

9*735668 

6 30 

10*264332 

10-056307 

6 7 

9-943693 

48 

U 7 

3 « 

14 

9-679476 

7 

27 

10*320524 

9*735818 

7 35 

10*264182 

io-o«; 6;42 

7 8 

9-943658 

46 

30 

34 

16 

9-679592 

8 

31 

10*320408 

9*735969 

8 40 

10*264031 

10*056376 

8 9 

9-943624 

44 

26 

30 

18 

9-679708 

9 

35 

10-320292 

9*736119 

9 45 

10*26388 1 

10*05641 1 

9 10 

9*943589 

42 

30 

35 

20 

9*679824 

10 

39 

10:320176 

9*736269 

UHJ 

10*26373 I 

10*056445 


9*943555 

40 

25 

30 

22 

9*679940 

11 

42 

10*320060 

9*736420 

11 55 

10*263580 

10-056479 

11 13 

9*943521 

38 

30 

36 

24 

9*680056 

12 

46 

10*319944 

9-736570 

12 60 

10*263430 

10-056514 

12 14 

9*943486 

30 

24 

30 

26 

9*680172 

13 

50 

10*319828 

9*736720 

13 65 

10*263280 

10*056548 

13 15 

9*943452 

34 

30 

37 

28 

9*680288 

14 

54 

10*319712 

9*736870 

14 70 

10*263 130 

10*056583 

14 16 

9*943417 

32 

23 

30 

30 

9-680403 

16 

5 « 

10*319597 

9*737021 

15 75 

10*262979 

10*056617 

15 17 

9*943383 

30 

30 

38 

32 

9*680519 

16 

62 

10-319481 

9*737171 

16 80 

10*262829 

10*056652 

16 18 

9*943348 

28 

22 

30 

34 

9*680635 

17 

66 

10-319365 

9*737321 

17 85 

10*262679 

10*056686 

17 20 

9*9+3314 

20 

30 

30 

36 

9*680750 

18 

69 

10*319250 

9*737471 

18 90 

10*262529 

10-056721 

1821 

9*943279 

24 

21 

30 

38 

9*680866 

19 

73 

10*319134 

9*737621 

19 95 

10*262379 

10-056755 

19 22 

9*943245 

22 

30 

4 (» 

40 

9*680982 

20 

77 

10*3 19018 

9*737771 

20 ICO 

10*262229 

10-056790 

2023 

9-943210 

20 

20 

30 

42 

9-681097 

21 

81 

10-318903 

9*737921 

21 105 

10-262079 

10*056824 

21 24 

9*943176 

18 

30 

41 

44 

9-681213 

22 

85 

ro-318787 

9-738071 

22 no 

10*261929 

10*056859 

2225 

9*943141 

16 

19 

30 

46 

9*681328 

23 

89 

10*318672 

9-738221 

23 115 

10-261779 

10*056893 

23 26 

9*943107 

14 

30 

42 

48 

9-681443 

24 

93 

10*318557 

9-738371 

24 120 

10*261629 

10*056928 

24 28 

9*943072 

12 

10 

30 

so 

9*681559 

25 

97 

10-3 1 8441' 

9-738521 

25 125 

10*261479 

10*056963 

25 29 

9-943037 

10 

30 

43 

52 

9-681674 

26 

100 

10*3 18326 

9*738671 

26 130 

10*261329 

10*056007 

26 30 

9*943003 

8 

17 

30 

54 

9-681789 

27 

104 

10*318211 


27 135 

10*261179 

10*057032 

2731 

9*942068 

6 

30 

44 

56 

9-681905 

28 108 

10*318095 

9*738971 

28 140 

10*261029 

10*057066 

2832 

9*942934 

4 

16 

30 

58 

9*682020 

29 

1 12 

10*317980 

9-739121 

29 14s 

10*260879 

10*057101 

2933 

9*942899 

2 

30 

45 

55 

9*682135 

30 

116 

10-317865 

9*739271 

30 150 

10*260729 

10*057136 

30 34 

9*942864 

5 

15 

30 


9-682250 

1 

4 

10-317750 

9-739420 

1 5 

10^260580 

10*057170 

1 1 

9-942830 

58 

30 

48 

4 

9*682365 

2 

8 

10-317635 

9*739570 

2 10 

10*260430 

10*057205 

2 2 

9*942795 

ftfl 

14 

30 

6 

9*682480 

3 

1 1 

10*317520 

9*739720 

3 15 

10-260280 

10-057240 

3 3 

9*942760 

54 

30 

47 

8 

9-682595 

4 

15 

10-317405 

9-739870 

4 20 

10*260130 

10*057274 

4 5 

9-942726 

52 

IH 

30 

Ml 

9*682710 

6 

'9 

10*3 17290 

9*740019 

5 25 

10-259981 

10-057309 

5 6 

9-942691 

50 

30 

48 

12 

9*682825 

6 

23 

10-317175 

9*740169 

6 30 

10*259831 

10-057344 

6 7 

9*942656 

4 S 

12 

30 

14 

9*382940 

7 

27 

10-317060 

9-740319 

7 35 

10*25968 1 

jo-057379 

7 8 

9*942621 

40 

30 

40 

16 

9*683055 

8 

3 * 

10-316945 

9-740468 

8 40 

10*259532 

10-057413 

8 9 

9-942587 

44 

i 1 

30 

18 

9-683170 

9 

34 

10*3 16830 

9*740618 

9 45 

10-259382 

10-057448 

9 10 

9-942552 

42 

30 

50 

20 

9-683284 

10 

38 

10-316716 

9*740767 

10 50 

10*259233 

10-057483 

10 11 

9-942517 

40 

10 

30 

22 

9‘683399 

11 

42 

10*316601 

9-740917 

ii 55 

10-259083 

10-057518 

11 13 

9-942482 

38 

30 

61 

24 

9*683514 

12 

46 

10*316486 

9-741066 

12 60 

10*258934 

10-057552 

12 14 

9-942448 

30 

9 

30 

26 

9*683628 

13 

50 

10*316372 

9*74^216 

13 65 

10*258784 

10-057587 

13 15 

9-942413 

34 

30 

52 

28 

9*683743 

14 

54 

10*316257 

9*741365 

14 70 

10*258635 

10*057622 

14 16 

9*942378 

32 

U 

30 

30 

9-683858 

16 

57 

10*316142 

9-741514 

15 75 

10*258486 

10*057657 

15 17 

9 * 94^343 

30 

30 

53 

32 

9*683972 

16 

61 

10*316028 

9*741664 

16 80 

10*258336 

10*057692 

16 19 

9*942308 

2H 

7 

30 

34 

9*684087 

17 

65 

10-315913 

9*741813 

17 85 

10*258187 

10-057727 

1720 

9-942273 

20 

30 

54 

36 

9*684201 

18 

69 

10*315799 

9*741962 

18 90 

10*258038 

10*057761 

1821 

9-942239 

24 

6 

30 

38 

9*684315 

19 

73 

10*315685 

9-742112 

19 95 

10*257888 

10-057796 

19 22 

9*942204 

22 

30 

55 

40 

9-684430 

20 

76 

10*315570 

9*742261 

20 100 

10-257739 

10-05783 i 

2023 

9-942169 

20 

5 

30 

42 

9*684544 

21 

80 

10*315456 

9*742410 

21 105 

10*257590 

10*057866 

21 24 

9*942134 

18 

30 

66 

44 

9*684658 

22 

84 

10*315342 

9*742559 

22 no 

10*25744* 

10*057901 

2226 

9-942099 

10 

4 

3 i 

46 

9*684773 

23 

88 

10*315227 

9*742709 

23 1 15 

10*257291 

10-057936 

23 27 

9-^42064 

14 

30 

57 

48 

9*684887 

24 

92 

10*315113 

9*742858 

24 120 

10*257142 

10*057971 

24 28 

9*942029 

12 

3 

30 

50 

9*685001 

25 

96 

10*314999 

9-743007 

25 124 

10*256993 

10*058006 

25 29 

9*941994 

10 

30 

58 

52 

9*685115 

26 

100 

10*314885 

9*743156 

26 129 

10*256844 

10*058041 

26 30 

9*941959 

8 

2 

30 

64 

9*685229 

27 103 

10*314771 

9*743305 

27 134 

10*256695' 

10*058076 

27 31 

9*941924 

6 

30 

59 

56 

9*685343 

28 

107 

10*314657 

9*743454 

28 139 

10*256546 

10*058111 

2832 

9*941889 

4 

1 

30 

58 

9*685457 

29 III 

io‘ 3 14543 

9*743603 

29 144 

10*256397 

10*058146 

29 34 

9*941854 

2 

30 

Of) 

M 

9*685571 

30 

”5 

10*314429 

9*743752 

30 149 

10*256248 

10*058181 

3035 

9*941819 

0 

0 
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Parts 
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TABLE 08 


LOG. SINES, COSINES, &c. 

[h 50111 OQO 

^ Sine Part s Co sec. Tangent Parts Cotang . Secant Parts I Cosine ^ 

0 0 9*685571 10*314429 9*74375^ 10*256248 10*058181 9*941819 4 60 ' 

30 2 9*685685 1 '' 4 10*314315 9*743901 1'' 5 10*256099 10*058216 1" I 9*941784 58 30 

1 4 9*685799 2 8 10*314201 9*744050 2 10 10*255950 10*058251 2 2 9*941749' 50 59 

30 6 9*685913 3 II 10*314087 9*744199 3 15 10255801 10*058286 3 4 9*941714 54 30 

2 H 9*686027 4 15 10*313973 9*744348 4 20 10*255652 10*058321 4 5 9*941679 52 53 

30 10 9*686141 6 19 10*313859 9*744496 5 10*255504 10*058356 6 6 9*941644 50 30 

3 12 9*686254 6 23 10*313746 9*744645 6 30 10*255355 10*058391 6 7 9*941609 48 57 

30 14 9*686368 7 26 10*313632 9*744794 7 35 10*255206 10*058426 7 8 9*941574 46 30 

4 16 9*686482 8 30 10*313518 9'744943 ^ 40 10*255057 10*058461 8 9 9*941539 44 5 (i 

30 Ih 9 686595 9 34 10*313405 9*745092 9 45 10*254908 10*058496 9 II 9*941504 42 30 

6 20 9*68670910 38 10*313291 9*745240 10 49 10*254760 10*058531 10 12 9 941469 40 rhi 

30 22 9-68682211 42 10*313178 9*745389 11 54 10*254611 10*058567 11 13 9*941433 38 3(1 

6 24 9*08693612 46 10*313064 9*745538 12 59 10*254462 10*058602 12 14 9*941398' 36 64 

30 26 9*68704913 49 10*312951 9*745686 13 64 10*254314 10*058637 1315 9*941363 34 3!i 

7 *28 9*68716314 53 10*312837 9*745835 14 69 10*254165 10*058672 14 16 9*941328 32 63 

30 .30 9*68727615 57 10*312724 9*745983 15 74 10*254017 10*058707 15 18 9'94I293 30 30 

8 32 9*68738916 61 10*312611 9*746132 16 79 10*253868 10*058742 1619 9*94^2158 28 5*2 

30 .34 9*68750317 64 10*312497 9*746281 17 84 10*253719 10*058778 1720 9*941222 ‘20 30 

,9 36 9*68761618 68 10*312384 9*746429 18 89 10*253571 10*058813 18 21 9*941187 ‘24 51 

30 38 9*68772919 72 10*312271 9*746577 19 94 10*253423 10*058848 1922 9*941152 *2*2 .'JO 

40 9*68784320 76 10*312157 ^746726 20 99 10*253274 10*058883 2023 9*94111 7 ‘20 50 
30 42 9*68795621 79 10*312044 9*746874 21 104 10*253126 10*058919 2125 9*941081 18 30 

11 44 9*68806922 83 10*311931 9*747023 22109 10*252977 10*058954 2226 9-94io46‘ 16 40 

30 46 9*68818223 87 10*311818 9*747171 23 114 10*252829 10*058989 2327 9*941011 14 30 

12 48 9*68829524 91 10*311705 9*747319 24119 10*252681 10-059025 2428 9*940975 12 48 

3 ' SO 9*68840825 95 10*311592 9*747468 25 124 10*252532 10*059060 2529 9*94*^940 10 30 

13 52 9*68852126 98 10*311479 9*747616 26129 10*252384 10*059095 2630 9*940905 8 47 

30 54 9*68863427 102 10*311366 9*747764 27 134 10*252236 10*059130 2732 9*940870 6 .-lO 

14 56 19*688747 28 106 10*311253 1 9*747913 28 139 10*252087 |io*059 166 33 9’94 o834| 4 46 * I 

30 58 9*688860 29 no 10*311140 9*748061 29144 10*451939 10*059201 29349*940799 2 30 

16 57 9*68897230 113 10*311028 9*748209 30 14.8 10*251791 10*059237 3035 9*940763 3 45 

30 2 9 689085 1 4 10*310915 9*748357 1 5 10*251643 10*059272 I 1 9*940728 58 30 

16 4 9*689198 2 7 10*310802 9*748505 2 10 10*251495 10*059307 2 2 9*940693 66 44 

30 6 9*689311 3 II 10*310689 9*748653 3 15 10*251347 10*059343 3 4 9*940657 54 30 

17 8 9*689423 4 15 10*310577 9*748801 4 20 10*251199 10*059378 4 5 9*940622 52 43 

30 10 9*689536 5 19 10*310464 9*748949 5 25 10*251051 10*059414 5 6 9*940586 50 30 

18 12 9*689648 6 22 10*310352 9*749097 6 30 10*250903 10*059449 6 7 9*940551 48 42 

30 ' 14 9*689761 7 26 10*310239 9*749245 7 34 10*250755 10-059484 7 8 9*940516 40 30 

19 16 9*689873 8 30 10*310127 9*749393 8 39 10*250607 10*059520 8 9 9*940480 44 41 

30 18 9*689986 9 34 10-310014 9*749541 9 44 10-250459 10-059555 9 II 9*940445 42 30 

20 20 9*69009810 37 10*309902 9*749689 10 49 10*250311 10*059591 10 12 9*940409 40 40 

30 22 9*69021111 41 10*309789 9*749837 11 54 10*250163 10-059626 11 13 9*940374 ;18 30 

21 ‘24 9*690323 12 45 10-309677 9*749985 12 59 10*250015 10*059662 12 14 9*940338 36 39 

30 26 9*69043513 49 10*309565 9*750133 13 64 10*249867 10*059697 1315 9*940303 34 30 

22 28 9*69054814 52 10-309452 9*750281 14 69 10*249719 10-059733 14 17 9-940267 32 33 

30 30 9*69066015 56 10*309340 9*750428 15 7410*249572 10*059769 15 18 9*940231 30 30 

23 32 9*69077216 60 10*309228 9*750576 16 79 10*249424 10*059804 1619 9*940196 *28 37 

30 34 9*69088417 64 10*309116 9*750724 17 84 IO 249276 10*059840 1720 9*940160 ‘26 30 

24 36 9*69099618 67 10*309004 9*750872 18 89 10*249128 10*059875 18 21 9*940125 *24 3 (i 

30 38 9*69110819 71 10*308892 9*751019 19 93 10*248981 10*059911 1922 9*940089 ‘22 30 

25 40 9*691220*20 75 10*308780 9*751167 20 98 10*248833 10*059946 2024 9 ’ 94°°54 

30 42 9*69133221 79 10*308668 9*751315 21 103 10*248685 10*059982 2125 9*940018 18 30 

26 44 9*69144422 82 10*308556 9*751462 22 108 10*248538 io*o6ooi8 2226 9*939982 I6 34 

30 46 9*69155623 86 10*308444 9*751610 23 113 10*248390 10*060053 2327 9*939947 14 30 

27 48 9*69166824 90 10*308332 9*751757 24 1 18 10*248243 10*060089 2428 9*939911 12 33 

30 50 9*69178025 94 10*308220 9*751905 25123 10*248095 10*060125 26309*939875 10 30 

28 52 9*69189226 98 10*308108 9*752052 26128 10*247948 10*060160 2631 9*939840 8 32 

30 54 9*69209427 101 10*307996 9*752200 27 133 10*247800 10*060196 2732 9*939804 6 30 

29 56 9*69211528105 10*307885 9*752347 28138 10*247653 10*060232 2833 9*939768 4 31 

30 58 9*69222729108 10*307773 9*752495 *29143 10*247505 10*060267 29349*939733 2 iO 

30 58 9*6 92339 30 II2 10*307661 9*752642 30 148 io*i47358 10*060303 30 36 9*939697 0 .30 

' '' m. Cosine Parts Secant Cotang. Parts Tangent Cosec. Parts Sine m. ' 




table 68 


751 


Ih 


LOG. SINES. COSINES. &c. 


29 ^ 


Sine Parts 


9*692339 
9692450 
9*692562 
1 9*692674 
9*692785 
9*692897 
9*693008 
9*693119 
9-693231 

9*693342 

9*693453 IQ 
9*693565 11 
9*693676 12 
9*693787 13 
9*693898 14 
9*694009 15 
9*694120 16 
9*694231 17 

9*694342 
9*694453 
9-694564 
9*694675 
9*6947861 
9*694897 
9*695007 
9*695118 

9*695229^ 97 

9*695339127 100 
9*6954501 
9*695561 

9*69567 


4 

7 

II 

*5 

18 

22 

26 

30 

33 

37 

41 

44 

48 

52 

56 

59 

63 

67 

70 

74 

78 

8 

85 

89 

93 


Cosec . I Tangent 


110-307661 

10*307550 

10*307438 

10*307326 

10*307215 

[10*307103 

10-306992 

110-306881 

10-306769 

10-306658 

[10*306547 


110*306435 

10*306324 

[10*306213 

10-306102 

[10-305991 

10*305880 

[10-305769 

10-305658 

/ 0-305547 

[10*305436 


9*752642 

9*752789 

9*752937 

9*753084 

9*75323* 

9*753379 

9*753526 

9*753673 

9*753820 

9*753967 

9*754115 


Parts 


9*754262 

9*754409 

9*754556 

9*754703 

9*754850 

9*754997 

9*755144 

9*755291 

9*755438 

9*755585 


1 " 

2 

3 

4 

6 

7 

8 

9 


_Cotang. I Secant I Parts | 


28 104 

29 107 

30 111 



'*305325 

>*305214 

10*305103 

10*304993 

110*304882 

10-304771 

110*304661 

10*304550 

10*304439. 

[10*304329 


9*696885 
\ 9*696995 
» 9*697105 
I 9-697215 
» 9*697325 

■ 9*697435 

9*69754517 62 
9*69765418 66 
9*69776419 70 


20 


1 9*697874 1 

9*69798421 ,, 
9*69809422 81 

23 84 

24 88 




9*698203 

9*698313 

9*698423 

9*69853; 

9*69864; 

9*69875. 

9*6988611 

9*698970 1 

Cosine 


10*304218 

|io* 304 io 8 | 

10*303997 

'10*303887 

10*303777 

10*303666 

10*303556 

10*303446 

10*303336 

10*303225 

10*303115 

110*303005 

10*302895 

10*302785 

10*302675 

10*302565 

10*302455 

'10*302346 

[10*302236 

'10*302126 


9*755731 

9*755878 

9*756025 

9*756172 

9*756319 

9*756465 

9*756612 

9*756759 

9*756905 

9*757052 


9*757199 

9*757345 

9*757492 

9*757638 

9*757785 

9*757931 

9*758078 

9*758224 

9*758371 

9*758 517 

9*758663 

9*758810 

9*758956 

9*759102 

9*759248 

9*759395 

9*759541 

9*759687 

9*759833 


|10 49 

. 54 

12 <59 

'13 64 

14 69 

73 

16 78 

17 83 

18 88 

19 93 

20 98 

21 103 

22 108 

23 113 

24 118 

25 122 

26 127 

27 132 
48 137 

29 142 

30 147 


|io -247358 

10-247211 

10-247063 

10-246916 

10*246769 

I1O-24662I 

10*^4647 

10*246327 

10-246180 

10*246033 

110-24^885 


10*060303 

10-060339 

10*060375 

10*060410 

10*060446 

10*060482 

10-060518 

10*060554 

10-060590 

10*060625 

io*o6c66 


10*245738 

IO-- 4559 , 

10-245444 

10-245297 

[10-245150 

10*245003 

10*244856 

10-244709 

10*244562 

[10-244415 


1 

2 

3 

4 

5 

6 

7 

8 

9 

[10 

111 

12 

[13 

14 

[16 

16 

17 

[18 

|19 

20 


10*244269 

[10*244122 

10-243975 

10-243828 

10-243681 

,* 0'243535 

[10-243388 

10*243241 

10-243095 

10*242948 


10*242801 
10*242655 
^ 10-242508 
19 [10*242362 
24 110-242215 
29 10*242069 
34 110*241922 

|io -241776 

10*241629 
10*241483 


25 92 

26 95 

27 99 

28 103 

29 106 

30 no 

Parts 


10*302016 

10*301906 

10*301797 

10*301687 

10*301577 

10*301468 

10*301358 

10*301249 

10*301139 

10*301030 

9*760126 t 
9*760272 i 
9*760418 s 
9*760564 2 
9*760710 2 
9*760856 2 
9*761002 2 
9*761148 2 
9*761293 2 
9*761439 3 

Secant 

Cotang. 


10*241337 

10*241190 

10-241044 

10*240898 

10*240752 

10-240605 

10-240459 

10-240313 

10-240167 

10-240021 


Parts I Tangent 


10*060697 
10*060733 
10*060769 
10*060805 
10*060841 
10*060877 
10*060913 
10-060948 
10*060984 
10-061020 
10*061056 
10*061092 
10*061128 
10-061164 
10*061200 
10*061237 
10*061273 
10-061309 
10-061345 
10-061381 
10*061417 
10*061453 
10-061489 
10*061525 
[10*061561 
10*061598 
10*06 1634 
10*061670 
10-061706 
^10*061742 


10*061779 
10-061815 
10*061851 
10*061887 
10*061924 
10*061960 
10*061996 
10*062033 
110*062069 I 
'10*062105 


10*239874 10*062142 
10*239728 10-062178 
10-239582 10-062214 
10*239436 10*062251 
10*239290 10*062287 
10*239144 10-062324 
10*238998 10-062360 
10*238852 10-062396 
110*238707 10*062433 
10*238 561 10*062469 

Cosec. Parts I Sine 


60 ° 


4I1 (jm 



762 


TABLE 68 


LOG. SINES, COSINES, :fcc. 

30 ° 


Sine Parts Cosec. 

9*698970 10*30^030 

9*699079 1" 4 10*300921 
9*699189 2 7 10*300811 

9*699298 3 II 10*300702 
9*699407 4 14 10*300593 


9*699735 7 
9*699844 8 


9*701694125 


9*702344 1 
9*702452 2 
9*702561 3 


19*702669 4 1410*297331 


10*296575 


10 

9*702777 5 

18 

1*2 

9*702885 6 

22 

14 

9*702993 7 

^5 

16 

9*703101 8 

29 

18 

9*703209 9 

32 

20 

9*70331710 

36 

2*2 

9*7034^5 

39 

24 

9 * 7 ^ 3533^2 

43 

•26 

9*703641 13 

47 

•28 

9 703749 

50 

30 

9*703856 15 

54 

3*2 

9*70396416 

57 

34 

9*704072 17 

61 

36 

9*70417918 

64 

38 

9*704287 19 

68 

40 

9*704395 20 

72 

42 

9*704502 21 

75 

44 

9*70461022 


46 

9*70471723 

83 

48 

9*704825 24 

86 

50 

9*70493225 

90 

52 

9*70504026 

93 

54 

9*70514727 

97 

56 

9705254 28 

100 

58 

9*'»o5362 29 104 

2 

9*70546930 108 

m. 

1. 

Cosine Parts 


Tangent 

Parts 

0 9*761459 

1 9*761585 

1 " 5 

1 9*761731 

2 10 

2 9*761877 

3 15 

3 9*762023- 

4 19 

3 9*762168 

5 

4. 9*7623*4 

6 29 

5 9*762460 

7 34 

6 9*762606 

8 39 

7 9*762751 

9 44 

3 9*762897 

10 48 

) 9*763043 

11 53 

3 9*763188 

12 58 

9*763334 

13 63 

9*763479 

14 68 

9*763625 

15 73 

9*763770 

16 78 

9*763916 

17 82 

9*764061 

18 87 

9*764207 

19 “ 92 

9*76435^ 

20 97 

9*764497 

21 102 

9*764643 

22 107 

9*764788 

23 IJ 2 

9*764933 

m 116 

9*765079 

25 121 

9*765224 

26 126 I 

9*765369 

27 131 I 

9*765514 

28 136 1 

9*765660 

29 141 I 

9*765805 

30 145 1 

1 9*765950 

1 5 ' 

1 9*766095 

2 10 1 

1 9*766240 

3 14 I 

9*766385 

4 19 I 

9*766530 

5 24 1 

9*766675 

6 29 J 

9*766820 

7 34 * 

9*766965 

8 39 I 

9*767110 

9 43 I 

9*767255 

10 48 1 

9*767400 

11 53 !• 

9*767545 

12 58 !• 

9*767690 

13 63 I' 

9*767834 

14 68 I 

9*767979 

15 72 I' 

9*768124 

16 77 i< 

9*768269 

17 82 

9*768414 

18 87 i< 

9768558 

19 92 I< 

9768703 

20 97 i< 

9*768848 

21 101 i< 

9*768992 

22 106 i< 

9*769137 

23 III I< 

9*769281 

24 1 16 i< 

9*769426 

25 I 2 I I< 

9*769571 

26 126 l< 

9*769715 

27 130 l< 

.^•769860 

28 135 H 

tItWi 


1 Cotang. 

Parts 


Cotang. Secant 
10*238561 10*062469 


Parts Cosine 

9*937531 60‘ 
1" I 9*937494 58 

2 2 9"93745« 5« 

3 4 9*937421 54 
^ 5 9*937385 52 

5 6 9*93734Jj 50 

6 7 9*9373*2 48 

7 9 9*937275 

8 lo 9*937238 44 

9 1 1 9*937202 42 


*233325 10*063790 
•233180 10*063827 
•233035 10*063864 


1 1 9*936394 5 » 

2 2 9*936357 56 

3 4 9*936320 54 

4 5 9*936284 52 

5 6 9*936247 50 

6 7 9*936210 48 

7 9 9*936173 40 

8 10 9*936136 44 

9 1 1 9*936099 42 


>*232600 10*063975 11 14 9*936025 38 

>*232455 10*064012 1215 9*9359^^ 36 

>•232310 10*064049 13 l 6 9*935951 34 

>•232166 10*064086 14 17 9*935914 3*2 

>•232021 10*064123 15 18 9*935877 30 

>*231876 10*064160 1620 9*935840 2» 
1*231731 10*064197 1721 9*935^03 26 

C231586 10*064234 18 22 9*935766 24 

>•231442 10*064271 1924 9*9357^9 
•*231297 10*064308 2025 9*93569^ ‘-*0 


10*064642 2936 9*935358 
10*064680 30 37 9*935320 

I Cosec. Parts Sine I 





TABLE 68 


753 


9705469 
9705576 1" 4 

97056S3 2 7 

9705790 3 II 
970589S 4 14 
9706005 5 18 
9706112 6 21 
9706219 7 25 
9706326 8 28 
9706433 9 32 
9706539 10 36 
970664611 39 j 
970675312 43 
9706860 13 46 
9706967 14 50 
9707073 15 53 

9707180 16 57 

9707287 17 61 

9*707393 64 

9707500 19 68 
9707606 20 71 
970771321 75 

970781922 78 
970792623 82 
970803224 85 
970813925 89 
970824526 92 
970835127 96 

970845828 99 

9708564 29 103 
970867030 107 
9708776 1 4 

9708882 2 7 

9708988 3 II 
9709094 4 14 

9709200 5 18 

9709306 6 21 
9709412 7 25 
9709518 8 28 
9709624 9 32 
9 709730 10 35 

9709836 11 39 

9709941 12 42 
9710047 13 46 
9710153I4 49 
9710259 15 53 
9710364 16 56 

9710470 17 60 
9710575 18 63 
9710681 19 67 
971078620 70 
971089221 74 
971099722 77 
971110323 81 
971120824 85 
9’7. ii 313 25 88 
971141926 92 
97115^427 95 
971162928 99 
971173429 102 
97 11839 3® 

Cosine Parts 


Cosec. 

0-294531 

0-294424 

0-294317 

0-294210 

0-294102 

0-293995 

0-293888 

0-293781 

0-293674 

0-293567 

0-293461 

0-293354 

0-293247 

0*293140 

0*293033 

0*292927 

0*292820 

0*292713 

0*292607 

0*292500 

Q*^9^394 

0*292287 

0*292181 

0*292074 

0*291968 

0-291861 

0*291755 

0*291649 

0*291542 

0-291436 

0-291330 

0-291224 

0*291118 

0-291012 

0*290906 

0*290800 

0*290694 

0*290588 

0-290482 

0-290376 

0-290270 

0*290164 

0-290059 

0-289953 

0-289847 

0*289741 

0*289636 

0-289530 

0*289425 

0*289319 

0*289214 

0*289108 

0-289003 

0-288897 

0*288792 

0-288687 

0*288581 

0*288476 

0*288371 

0*288266 

0*288161 


LOG. SINES, COSINES, 5tc. 
I Tangent I Parts I Cotang. 


Tangent 

"977014^ 

9770293 

9’770437 

9-770582 

9-770726 

9 ' 77 oS 70 * 

9-771015 

9-771159 

9*771303 
9*771448 
9*77159^ 1 

9*771736 ] 
9*771880 1 
9-772024 ] 
9-772168 ] 
9-772312 ] 
9-772457 1 
9*772601 ] 
9*77^745 1 
9-772889 ] 
9‘77 3033 * 
9*773177 ' 

9-773321 1 
9-773465 i 
9-773608 i 
9*773752 ‘ 
9*773896 ^ 
9-774040 t 
9-774184 t 
9-774328 1 
9*774471 * 

9*774615 

9*774759 

9-774902 

9-775046 

9-775190 

9*775333 

9*775477 

9*775621 

9*775764 

9*775908 ] 
9*776051 1 
9-776195 1 
9-776338 ] 
9-776482 ] 
9-776625 1 
9*776768 ] 
9*776912 : 

9*777055 

9*777199 ; 
9*777342 ! 

9-777485 ■ 

9-777628 - 

9-777772 ' 

9*777915 

9-778058 

9*778201 

9*778344 

9*778488 

9-778631 

9-778774 

Cotang. 


i Cotang. 

10*229852 
; 10*229707 
) 10*229563 
. 10-229418 
I 10-229274 
. 10*229130 
I 10-228985 
. 10*228841 
10*228697 
10*228552 
10-228 408 
10*228264 
10-228120 
10*227976 
10-227832 
io*-?2;C88 
10-227543 
10-227399 
10*227255 
10*2271 1 1 
10*226967 
10*226823 
10*226679 
. 10-226535 
10-226392 
I 10*226248 
10*226104 
I 10*225960 
. 10*225816 
I 10*225672 
. 10*225529 
10*225385 
10*225241 
10*225098 
10*2249 54 
10-224810 
10*224667 
10-224523 
10-224379 
10-224236 
10*224092 
10*223949 
10-223805 
10*223662 
0*223518 
10-223375 

> 10*223232 
10*223088 

I 10-222945 
10*222801 
I 10*222658 
) 10-222515] 
; 10*222372 

> 10-222228 
-y 10-222085 
^ 10*221942 
l. 10*221799 
) 10*221656 
l. 10*221512 
) 10*221369 
; 10*221226 

} I Tangent 


Secant 

10-064680 

10-064717 

10-064754 

10*064791 

10-064829 

10-064866 

10-064903 

10*064940 

io‘o 64978 

10*065015 

10*065052 

10*065090 

10*065127 


Parts Cosine 


10-065202 14 17 9-934798 

3‘2 

23 

10*065239 15 19 9 ’ 93476 i 

30 

30 

10-065277 1620 9 * 9347^3 

*28 

22 

10-065314 1721 9*934686 

•26 

30 

10-065351 1822 9 934649 

■24 

21 

10-065389 19249-934611 

‘22 

30 

10-065426 2025 9*934574 

•20 

2 U 

io-o 65 ' 4 ^ 21 26 9*934536 

18 

30 

10-065501 2227 9*934499 

1 C 

19 

10*065539 2329 9*934461 

14 

30 

10-065576 2430 9*934424 

12 

13 

10-065614 25 9*934386 

10 

30 

10-065651 26329-934349 

8 

17 

10-065689 27349*934311 

6 

30 

10-065726 28359*934274 

4 

16 

10*065764 2936 9 * 934^36 

■2 

30 

10-065801 30379*934199 

57 

15 

10*065839 1 I 9*934161 

ss 

30 

10-065877 2 3 9-934123 

56 

14 

10-065914 3 4 9*934086 

51 

30 

10-065952 4 5 9*934048 

5*2 

13 

10-065989 5 6 9*934011 

50 

30 

10-066027 6 8 9*933973 

48 

12 

10-066065 7 9 9*933935 

46 

30 

10*066102 810 9*933898 

41 

11 

10-066140 9 II 9*933860 

4*2 

30 

10066178 10139-933822 

40 

10 

10-066216 11 14 9*933784 

38 

30 

10-066253 12159-933747 

36 

0 


10*066329 

10*066367 

10-066404 

10-066442 

10*066480 

10*066518 

10*066555 

10*066593 

10-066631 

10-066669 

10*066707 

10*066745 

10*066783 

10-066821 

10*066859 

10*066896 

10*066934 

Cosec. 


9-933709 

9-933671 

9-933633 

9*933596 

9*933558 

9-933520! 

9-933482 

9*933445 

9-933407 

9*933369 

9*933331 

9*933293 

9-933255 

9-933217 

9-933179 

9*933141 

9*933104 

9-933066 

Sine 



764 


TABLE 68 



21 

24 

30 

2(i 

22 

28 

30 

30 

23 

32 

30 

34 

24 

30 

30 

38 

25 

40 


9-711839 
9-711944 1" 3 
9-711050 2 7 

9-711155 3 10 
9*711160 4 14 
9-712365 6 17 
9-711469 6 II 
9711574 7 24 
9-712679 8 18 
9-711784 9 31 
9712889 10 35 
9*71299411 38 
9*713098 12 41 
9*71320313 45 
9*71330814 49 
9-71341215 52 
9*71351716 56 
9-713621 17 59 
9-713726 18 63 
9-71383119 66 
, 9-713935 20 70 
1 9-71403921 73 
9*71414422 77 
9-71424823 80 
9-71435224 84 
9-71445725 87 
; 9*71456126 91 
9*71466527 94 
; 9*71476928 98 
1 9-71487329 101 
9-71497830 105 

r 9-715082 1 3 

9-715186 2 7 

9-715290 3 10 

9-715394 4 14 

9-715498 5 17 

: 9-715602 6 21 
9-715705 7 24 
9-715809 8 28 
9-715913 9 31 
9-716017 10 35 
9-71612111 38 
9-71622412 42 
9-71632813 45 
9-71643214 49, 
.9-71653515 52] 
9-71663916 56 

9-71674217 59 
9*71684618 63 
9*71694919 66 
9-717053 20 69 
9-71715621 72 
9-71725922 76 

i 9-71736323 79 

9-71746624 83 
9-71756925 86 
9-71767326 90 
9-7j7*7627 93 
9-71787928 97 
I 9*71798229 100 
9-71808530 104 

• Cosine Parts 


Cosec. 


10*288161 

10*288056 

10*287950 

10*287845 

10*287740 

10*287635 

10*287531 

10*287426 

10*287321 

10*287216 

10-287111 


10*287006 

10*286902 

10-286797 

10*286^2 

10*286588 

10*286483 

10*286379 

10-286274 

10*286169 

10*286065 

10*285961 

10*285856 

10-2815752 

10*285648 

10*285543 

10*285439 

10*285335 

10*285231 

10*285127 

10*285022 


10-284918 

10-284814 

10*284710 

10*284606 

10*284502 

10-284398 

10*284295 

10-284191 

10-284087 

10*283983 


10*283879 

10*283776 

10-283672 

10-283568 

10*283465 

10-283361 

10*283258 

10*283154 

10*283051 

10*282947 


10-282844 

10*282741 

10*282637 

10-282534 

10-282431 

10*282327 

10*282224 

10*282121 

10*282018 

10-281915 


Tangent 


9*778774 

9-778917 

9-779060 

9-779203 

9-779346 

9-779489 

9*779632 

9*779775 

9*779918 

9*780061 

9-780203 

9*780346 

9-780489 

9-780632 

9*780775 

9-780917 

9*781060 

9*781203 

9-781346 

9*781488 

9-781631 


9*781774 

9*781916 

9*782059 

9*782201 

9*782344 

9*782486 

9*782629 

9*782771 

9*782914 

9-783056 


9-783199 

9*78334* 

9-783483 

9*783626 

9-783768 

9-783910 

9-784053 

9-784195 

9*784337 

9*784479 

9-784622 

9-784764 

9*784906 

9*785048 

9-785190 

9*78533^ 

9*785474 

9-785616 

9-785758 

9-785900 

9-786042 

9*786184 

9-786326 

9-786468 

9-786610 

9-786752 

9*786894 

9*787036 

9*787178 

9*787319 


Cotaiig. 


Cotang. 


10*221226 

10*221083 

10-220940 

10*220797 

10*220654 

10-220511 

10*220368 

10*220225 

10*220082 

10*219939 

10-219797 

10*219654 

10*219511 

10*219368 

10*219225 

10-219083 

10*218940 

10*218797 

10*218654 

10-218512 

10-218369 


10-218226 

10-218084 

10-217941 

10-217799 

10*217656 

10*217514 

10*217371 

10*217229 

10*217086 

10*216944 


10-216801 

10*216659 

10*216517 

10*216374 

10*216232 

110*216090 

10-215947 

10-215805 

10*215663 

10*215521 

10*215378 

10*215236 

19-215094 

10*214952 

10-214810 

10*214668 

10*214526 

10*214384 

10-214242 

10-214100 

10-213958 

10*213816 

10-213674 

10*213532 

10-213390 

10*213248 

10*213106 

10*212964 

110*212822 

IO'*2I268i 


, Tangent 


Secant 

Parts 

Cosine | 

10*066934 

l"i 

9*933066 

10-066972 

9*933028 

10-067010 

2 3 

9-932990 

10-067048 

3 4 

9*932952 

10*067086 

4 5 

9*932914 

10*067124 

5 6 

9*932876 

10-067162 

6 8 

9*932838 

10-067200 

7 9 

9*932800 

10*067238 

8 10 

9*932762 

10*067276 

9 II 

9*932724 

10-067315 

1013 

9*932685 

10-067353 

11 14 

9*932647 

10-067391 

12 15 

9*932609 

10-067429 

13 17 

9*932571 

10*067467 

14 18 

9*93^533 

10*067505 

15 19 

9*93^495 

10-067543 

16 20 

9*93^457 

10-06758 1 

1722 

9*932419 

10*067620 

18 23 

9*932380 

10*067658 

1924 

9’93^342i 

10*067696 

2025 

9*932304 

10-067734 

21 27 

9*932266 

10*067772 

22 28 

9*932228 

10-067811 

23 29 

9*932189 

10-067849 

24 30 

9*932151 

10*067887 

25 32 

9*932113 

10*067925 

2633 

9*932075 

10-067964 

27 34 

9-932036 

10*068002 

28 36 

9*931998 

10*068040 

29371 

9*931960 

10*068079 

3038 

9*931921 

10*068117 

1 I 

9*931883 

10068155 

2 3 

9*931845 

10-068194 

3 4 

9*931806 

10-068232 

4 5 

9*931768 

10*068270 

5 6 

9*931730 

10*068309 

6 8 

9*931691 

10*068347 

7 9 

9*931653 

10*068386 

8 10 

9*931614 

10*068424 

9 12 

9-931576 

10*068463 

10 13 

9*931537 

10*068501 

11 14 

9-931499 

10*068540 

12 15 

9-931460 

10-068578 

13 17 

9*931422 

10*068617 

14 18 

9*931383 

10-068655 

15 19 

9*931345 

10-068694 

16 21 

9*931306 

10*068732 

17 22 

9*931268 

10*068771 

1823 

9*9312^9 

10*068809 

1924 

9*931191 

10*068848 

2026 

9-931152 

io*o68886 

21 27 

9*931114 

10*068925 

2228 

9*931075 

10*068964 

23 30 

9*931036. 

10*069002 

24 31 

9*930998 

10*069041 

25 32 

9*930959 

10*069079 

26 33 

9*930921 

10*069118 

2735 

9*930882 

10*069157 

28 36 

9*930843 

10*069196 

2937 

9*930804 

10*069234 

3039 

9*930766 

Cosec. 

Parts 

Sine 



50 

30 

48 

67 

40 

30 

44 

56 

42 

30 

40 

65 

38 

30 

30 

54 

34 

30 

32 

53 

30 

30 

28 

52 

20 

30 

24 

51 

22 

30 

20 

60 

18 

30 

10 

49 

14 

30 

12 

48 

10 

30 

8 

47 

0 

30 

4 

46 

2 

30 

55 

45 

58 

3(1 

50 

44 

54 

30 

52 

43 

50 

30 

48 

42 

40 

30 

44 

41 

42 

;«) 

40 

40 

38 

30 

36 

39 

34 

3(» 

32 

38 

30 

30 

28 

37 

26 

30 

24 

36 

22 

30 

20 

35 

18 

30 

10 

34 

14 

30 

12 

33 















TABLE 68 



9‘7i92i7ll 38 
9*71932012 
9*71942213 44 
9*71952514 48 
9*71962715 51 
9*71973016 55 
9*71983317 58 
9*71993518 62 
9*72003819 65 
9*72014020 68 
9*72024221 72 

9*72034522 75 
9*72044723 79 
9*72054924 82 
9*720652 25 86 
9*72075426 89 

9*72085627 92 
9*72095828 96 
9*72106029 99 
9*721162 30 103 
9*721264 1 3 , 

9*721366 2 7 I 

9*721468 3 10 1 
9*721570 4 14! 

9*721672 5 17 

9*721774 6 20 
9*721876 7 24 
9*721978 8 27 
9:722080 9 30 
9*722181 10 34 
9*722283 11 37 
9*722385 12 41 
9*72248713 44 
9*72258814 48 
9*72269015 51 j 

9*72279116 55 
9*722893 17 58 
9*72299418 61 
9*72309619 64 
9*72319720 68 
9*72329921 71 

9*72340022 75 
9*72350123 78 
9*723603 24 82 
9*72370426 85 
9*72380526 89 
9*72390627 92 
9*72400728 95 
9*72410929 98 
9*72421030 102 


Cosine Parts 


10*280783 

10*280680 

10*280578 

10*280475 

10*280372 

10*280270 

10*280167 

10*280065 

10*279962 

10*279860 

10*2“^^, 

10*279655 

10*279553! 

10*279451 

10*279348 

10*279246 

10*279144 

10*279042 

10*278940 

10*278838 

10*278736 

10*2786341 

10*278532] 

10*278430 

10*278328 

10*278226 

10*2781241 

10*278022 

10*277920! 

10*277819 

10*277717 

10*277615 

10*277513 

10*277412 

10*277310 

10*277209 

10*277107 

10*277006 

10*276904 

10*276803 

10*276701 

10*276600 

10*276499 

10*276397 

10*276296 

10*276195 

10*276094 

[10*275993 

10*275891 

10*275790 


Secant 




10*069661 

10*069700 

10*069739 

10*069777 

10*069816 

10*069855 

10*069894 

10*069933 

10*069972 

10*070011 

10*070050 

10*070089 

10*070128 

10*070167 

10*070206 

10*070245 

10*070284 

10*070323 

10*070362 

10*070401 


10*070440 

10*070479 

10*070519 

10*070558 

10*070597 

10*070636 

10*070675 

10*070714 

10*070754 

10*070793 


10*070832 
10*070871 
10*070910 
10*070950 
10*070989 
10*071028 
10*071068 
10*071107 
10*071146 
10*071 185 
10*071225 
10*071264 
10*071304 
10*071343 
10*071382 
10*071422 
10*071461 
10*071501 
10*071540 
10*071580 

Cosec. 


9*930339 

' 9’93O30o 
9*930262 
9*930223 
9*930184 

9 * 930 H 5 

9*930106 

9*930067 

9*930028 

9 * 9 ^ 99^9 

9*929950 

9*929911 

9*929872 

9*929833 

9*929794 

9 * 9^9755 

9 ' 9 a 97 i 6 

9*929677 

9*929638 

9*929599 


9*929560 

9*929521 

9*929482 

9*929442 

9*929403 

9*929364 

9*929325 

9*929286 

9*929247 

9*929207 


. 9*929168 
9*929129 
9*929090 
9*929050 
I 9*92901 1 
9*928972 
9-928933 
9*928893 
9*928854 
I 9*928815 

: 9 * 92*87 7 5 

1 9*928736 
I 9*928696 
9*928657 
9*928618 
. 9*9^8578 
: 9*928539 
9*928499 
9*928460 
I 9* 928420 

i Sine 


m. 

/ n 

si 

'W~ 

5 S 

30 

56 


54 

30 

5*2 

28 

50 

30 

48 

27 

46 

30 

44 

2(i 

42 

3 o 

40 

25 

38 

30 

36 

24 

34 

30 

32 

23 

30 

30 

*28 

22 

‘26 

36 

24 

21 

22 

36 

‘20 

20 

18 

81 )' 

16 

10 

14 

30 

12 

Id 

10 

so 

8 

17 

6 

30 

4 

16 

2 

30 

53 

Id 

58 

30 

56 

14 

54 

30 

5-2 

13 

50 

30 

48 

12 

16 

30 

14 

11 

4-2 

30 

40 

10 

38 

30 

36 

.9 

34 

30 

32 

8 

30 

30 

28 

7 

26 

30 

‘24 

6 

•22 

30 

20 

5 

18 

30 

16 

4 

14 

30 

12 

3 1 

10 

30 

1 ^ 

2 

6 

30 
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TABLE (J8 



LOG. SINES, COSINES, &c. 

2" 8'" 

32° 


Sine I Parts 



9*724210 



10*275790 

9*724311 

1' 

3 

10*275689 

9*724412 

2 

7 

10*275588 

9*7^4513 

3 

10 

10*275487 

9*724614 

4 

13 

10*275386 

9*724715 

5 

17 

10*275285 

9*724816 

6 

20 

10*275184 

9*724917 

7 

23 

10*275083 

9*725017 

8 

27 

10*274983 

9*725118 

9 

30 

10*274882 

9*725219 

10 

34 

10*274781 

9*725320 

11 

37 

10*274680 

9725420 

12 

40 

10*274580 


-j /— JJ-* - -r-r 

9*72562214 47 
9*725722 15 50 
9*72582316 54 

9*72592317 57 

9*72602418 61 

9*72612419 64 
9*726225 20 67 
9*72632521 70 
9*72642622 74 

9*72652623 77 
9*72662624 80 

9*72672725 84 
9*72682726 87 
9*72692727 90 
9*727027 28 94 
9*72712829 97 
9*72722830 101 


9*727328 1 3 

9*7^74^8 2 7 

9*727528 3 10 
9*727628 4 13 
9*727728 5 17 

9*727828 6 20 
9*727928 7 23 
9*728027 8 27 
9*728127 9 30 
9*728227 10 33 
9*72832711 37 
9*728427 12 40 
9*728526 13 43 
9*728626 14 47 
9*728726 15 50 
9*728825 16 53 
9*72892517 56 
9*72902418 59 

9*72912419 63 
9*729223 20 66 
9-72932321 70 
9*729422 22 73 
9*72952223 76 
9*72962124 go 
9-72972025 83 
9*729^2026 86 
9*72991927 90 
9*73001828 93 

9*73011729 96 
' 9*73021730 lOO 


Cosine 


10*274479 

10*274378 

10*274278 

10*274177 

10*274076 

10*273976 

10*273875 

10*273775 


10*273675 

10*273574 

10*273474 

10*273374 

10*273273 

10*273173 

10*273073 

10*272973 

10*272872 

10*272772 


10*272672 

10*272572 

10*272472 

10*272372 

10*272272 

10*272172 

10*272072 

10*271972 

10*271873 

10*271773 


10*271673 

10*271573 

10*271474 

10*271374 

10*271274 

10*271175 

10*271075 

10*270976 

10*270876 

10*270777 


10*270677 

10*270578 

10*270478 

10*270379 

10*270280 

10*270180 

10*270081 

10*269982 

10*269883 

10*269784 


Secant 


Tangent 

9*795789 

9*795930 

9*796070 

9*796211 

9*796351 

9*796492 

9*796632 

9*796773 

9-796913 

9*797053 

9*797194 

9*797334 

9*797475 

9*797615 

9*797755 

9*797895 

9*798036 

9*798176 

9*798316 

9*798456 

9*798596 

9*798737 

9*798877 

9*799017 

9*799157 

9*799^97 

9*799437 

9*799577 

9*799717 

9*799857 

9*799997 


Cotang. 
10*204211 
10*204070 
10*203930 
10*203789 
10*203649 
10*203508 
10*203368 
10*203227 
10*203087 
10*202947 
10*202806 
10*202666 
10*202526 
10*202385 
10*202245 
10*202105 
10*201964 
10*201824 
10*201684 
10*201544 
10*201404 
10*201264 
10*201123 
10*200983 
10*200843 
10*200703 
10*200563 1 
10*200423 
10*200283 1 
10*200143 
10*200003 



9*804187 


Cotang. 


10*071580 

10*071619 

10*071658 

10*071698 

10*071737 

10*071777 

10*071817 

10*071856 

10*071896 

10*071935 

10*071975 


10-072015 

10*072054 

10*072094 

10*072133 

10*072173 

10*072213 

10*072252 

10*072292 

10*072332 

10*072371 

10*072411 

10*072451 

10*072491 

10*072530 

10*072570 

10*072610 

10*072650 

10*072690 

10*072730 

10*072769 


10*072809 

10*072849 

10*072889 

10*072929 

10*072969 

10*073009 

10*073049 

10*073089 

10*073129 

10*073169 

10*073209 

10*073249 

10*073289 

10*073329 

10*073369 

10*073409 

10*073449 

10*073489 

10*073529 

10*073569 

10*073609' 

10*073649 

10*073689 

10*073730 

10*073770 

10*073810 

10*073850 

10*073890 

10*073931 

10*073971 


9*928420 
[ 9*928381 
; 9*928342 
^ 9*9^8302 
; 9*928263 
r 9*928223 
I 9*928183 
> 9*928144 
I 9*928104 
I 9*928065 
t 9*928025 


i 9*927986 
) 9*927946 
' 9*927906 
! 9*927867 
) 9*9^7827 
9*927787 
9*927748 
9*927708 
9*927668 
9*927629 
9*927589 
9 * 95^7549 
9*927509 
9*927470 
9*927430 
9-927390 
9*927350 
9*927310 
9*927270 


9*927191 
9*927151 
9*927111 
9927071 
9*927031 
9*926991 
9*926951 
9*926911 
9-926871 
9*926831 
9*926791 
9*926751 
9*926711 
9*926671 
I 9*926631 
9^926591 
9*926551. 
9*926511 
9*926471 
9*926431 
9*926391 
9*926351 
9*926311 
9-926270 
9*926230 
9*926190 
9*926150 
9'*926iio 
9*926069 
9*926029 


m» 

8 * 

/ // 

01 

60 

58 

30 

50 

69- 

54 

30 

52 

68 

50 

30 

48 

67 

46 

30 

44 

66 

42 

30 

40 

65 

38 

30 

36 

64 

34 

30 

32 

63 

30 

30 

*28 

62 

‘26 

30 

•24 

61 

22 

30 

‘20 

50 

18 

30 

16 

40 

14 

30 

12 

48 

10 

30 

8 

47 

6 

30 

4 

46 

2 

30 

51 

46 

58 

30 

56 

44 

54 

3!> 

52 

43 

50 

30 

48 

42 

46 

30 

44 

41 

42 

30 

40 

40 

38 

30 

36 

3U 

31 

30 

32 

38 

30 

30 

28 

37 

*26 

30 

24 

36 

22 

30 

20 

35 

18 

30 

16 

34 

14 

30 

12 

33 

10 

30 

8 

32 

6 

30 

4 

31 

2 

30 

0 

30 


3** 50*” 






















TABLE 68 


767 


LOG. SINES, COSINES. &c. 


9730217 

9730316 

9730415 

97305*4 

9730613 


10-269783 1 9-804187 


10-195813 110-073971 


" 3 io-269684| 9*804327 I 1" 5 10*195673 110-07401 1 


2 7 io.'«69585 9-804466 

3 10 10*269486 9*804^5 

4 13 10*269387 9*804745 


Farts Cosine “* 

9*926029 60I HO 
l"i 9*925989 sal 30 
2 3 9*925949 50 29 


9 *^'*95534 10-074051 2 3 9*925949 50 29 

14 10*195395 10-074092 3 4 9*925908 54 3( 

19 10*195255 10*074132 4.5 9-925868 52 28 


30 1019-730712 6 16 10-2692881 9*804884 23 10*195116110*074172 5 7 9*925828150 


33 12 9*730811 

30 14 9-730910 

34 16 9*731009 

30 18 9-731108 


620 10*269189 9*805023 6 28 
723 10*269090 9*805163 7 32 
826 10*268991 9*805302 8 37 
930 10*268892 9*805441 9 42 


28 10-194977 10-074212 
32 10*194837 10*074253 
37 10*194698 10*074293 
42 10*194559 10*074333 


6 8 9*925788 48 27 
^ 9 9’9i5747 46 ao 
811 9*925707 44 2G 
9 12 9*925667 42 30 


‘40 9*731206 10 33 10*268794 9*805580 10 46 10-194420 10*074374 10 13 9^925626 40 25 

30 22 9*731305 1136 10*268695 9*805719 11 51 10-194281 10-074414 1115 9-925586 38 30 

36 24 9*731404 1240 10*268596 9*^05^59 *2 56 10*194141 10*074455 12 16 9*925545 30 24 

30 ‘46 9*73*5^3 ^^43 10*268497 9*805998 13 60 10*194002 10*074495 18 9*925505 34 30 

37 28 9*731602 1446 10*268398 9*806137 14 65 10*193863 10*074535 ^^19 9*9^5465 32 23 

30 30 9*731700 1549 10*268300 9*806276 15 70 10*193724 10*074576 15 20 9*925424 30 30 

38 32 9*731799 1653 10*268201 9*806415 16 7410-193585 10*074616 16229*925384 28 22 

30 34 9*731^97 1756 10*268102 9*806554 17 79 10*193446 10*074657 1723 9*925343 26 30 

39 36 9*73199^ ^®59 10*268004 9*806693 18 83 10*193307 10*074697 18 24 9*925303 ‘24 21 

30 38 9*732095 1963 10*267905 9*806832 19 88 10*193168 10*074738 1926 9*925262 22 30 

*0 40 9*732193 2066 10*267807 9*806 971 20 93 10*193029 10-074778 2027 9*925222 ‘20 20 

30 42 9*732292 2169 10-267708 9*807110 21 97 16*1928^ 10-074819 2128 9-925181 18 30 

11 44 9*732390 2273 10*267610 9*807249 22 102 10*192751 10*074859 22309*925141 16 19 

30 46 9*732489 2376 10-267511 9*807388 *23 107 10*192612 10-074900 2331 9-925100 14 30 

12 48 9732557 2479 10*267413 9‘5o7527 24 hi 10*192473 10*074940 24329*925060 12 18 

30 30 9 732'685 2582 10*267315 9*807666 25 116 10*192334 10*074981 2534 9*925019 10 3o 

12 52 9*732784 26 86 10*267216 9*807805 26 III 10*192195 10*075021 2635 9 ‘ 9 H 979 » *7 

30 34 9*732882 2789 10*267118 9*807944 27 125 10*192056 10*075062 2736 9*924938 0 30 

14 56 9*732980 2892 10*267020 9*808083 28130 10*191917 10*075103 2838 9*924897 4 18 

30 58 9*733079 2995 10*266921 9-808222 29134 10*191778 10*075143 2939 9 ' 9H^57 2 30 

[5 11 9‘733177 3099 10-266823 9*808361 30 139 10*191639 10*075184 30 40 1 9-924816 15 

30 I -2 9 * 73327 '; i 1 3110*266725 9*808400 1 C lO'lQICOl 10-07<;224. 1 1 0*024.776 58 30 


30 -2 9*73327'; 1 3 10*266725 9*808499 1 5 10*191501 10-075224 1 1 9-924776 58 30 

Ifi 4 9*733373 ^ 6 10-266627 9*808638 2 9 10*191362 10*075265 2 3 9*924735 56 U 

30 6 9*733471 H 10 10*266529 9*808777 3 14 10*191223 10*075306 3 4 9-924694 54 30 

17 8 9'7335'i9 ^ 13 10*266431 9*808916 4 18 10-191084 10-075346 4 5 9*924654 52 13 

30 10 9*733667 5 16 10*266333 9*^09055 5 23 10-190945 10*075387 5 7 9-924613 50 30 

48 1-2 9*733765 620 10-266235 9*809193 6 28 10*190807 10-075428 6 8 9-924572 48 12 

30 14 9*733863 723 10-266137 9*809332 7 32 10*190668 10-075469 7109*924531 40 30 

16 9*733961 826 10*266039 9*809471 8 37 10*190529 10-075509 8 II 9*924491 44 11 

30 18 9*734059 929 10*265941 9*809609 9 42 10*190391 10*075550 9 12 9-924450 42 30 

fL 20 9-734157 10 33 10-26584 3 9-809 748 10 46 10*190252 10*075591 10 14 9-924409 40 10 

30 U 2 9*734-55 1136 10*265745 9*809887 11 51 IO-190113 10*075632 11 15 9-924368 38 31) 

1 ‘24 9*734353 1239 10*265647 9*810025 12 55 10-189975 10-075672 12169-924328 30 0 

30 26 9*734451 1342 10*265549 9*810164 13 60 10*189836 10*075713 13 18 9*924287 34 

2 -28 9*734549 1446 10*265451 9*810302 14 65 10*189698 10*075754 1419 9’9HH6 •12 8 

30 30 9*734646 16 49 10*265354 9-810441 15 69 10-189559 10-075795 9*9H^0 5 30 30 

3 32 9*734744 1652 10*265256 9*810580 16 74 10*189420 10-075836 1622 9*924164 28 7 

30 34 9*734842 1755 10*265158 9*810718 17 79 10*189282 10*075876 1723 9*924124 -26 30 

4 36 9*7 3 4 9 3 9 1 8 59 10*265061 9*810857 18 83 10*189143 10*075917 18 24 9*924083 -24 6 

30 38 9*735037 1962 10*264963 9*810995 19 88 10*189005 10-075958 1926 9*924042 22 30 

^ 40 ^*735135 2065 10*264865 9*811134 20 92 io*i88S66 10*075999 20 27 ^924001 20 5 

30 42 9*735232 2168 10*264768 9*811272 21 97 10*188728 10*076040 2129 9-923960 18 30 

5 44 9*735330 2272 10*264670 9*811410 22 102 10188590 10*076081 22309*923919 10 4 

30 46 9-735427 2375 10-264573 9*811549 23 106 10*188451 10*076122 2331 9*923878 14 30 

1 48 9*735525 2478 10*264475 9*811687 24 HI 10*188313 10*076163 2433 9'9^3837 12 H 

)« 50 9*735622 2582 10*264378 9*811826 25 I 16 10*188174 10*076204 2534 9*923796 10 30 

^ 5*4 9*735719 2685 10*264281 9*811964 26120 10*188036 10*076245 2635 9*923755 8 2 

JO 54 9*735817 2788 10*264183 9*8I2I02 27 125 10*187898 10-076286 2737 9*923714 6 30 

> 50 9*735914 2891 10*264086 9*812241 28129 1*^*1^7759 > 0*076327 2838 9*923673 4 1 

JO 58 9*736011 2995 10*263989 9*812379 29134 10*187621 10-076368 2939 9*923632 2 30 

^ IZ 9*736109 3098 10-263891 9*812517 30 139 10*187483 10-0764091 3041 9*923591 0 0 

Cosine Parts Secant * Cotang. Parts Tangent Cosec. | Parts Sine m. ' '' 


5 10*191501 10-075224 1 1 9-924776 58 30 

9 10*191362 10*075265 2 3 9*924735 56 14 

14 10*191223 10*075306 3 4 9-924694 54 30 

18 10-191084 10-075346 4 5 9*924654 62 13 

23 10-190945 10*075387 6 7 9-924613 50 30 

28 10*190807 10*075428 6 8 9-924572 48 12 

32 10*190668 10*075469 7 10 9*924531 40 30 


826 10-266039 9*809471 8 37 10*190529 10-075509 811 9*924491 44 
929 10*265941 9-809609 9 42 10*190391 10*075550 9 12 9-924450 42 
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TABLE 68 


LOG. SINES, COSINES, «tc. 


Sine 

Parts 

Cosec. 

9*736109 

9*736206 


10*263891 

10*263794 

9*736303 

2 6 

10*263697 

9*736400 

3 10 

10*263600 

9*736498 

4 13 

10*263502 

9736595 

5 16 

10*263405 

9*736692 

0 19 

10*263308 

9-736789 

723 

10*263211 

9*736886 

8 26 

10*263114 

9*736983 

9 29 

10-263017 

9737080 

10 32 

10*262920 

9*737177 

11 36 

10*262823 

9737274 

1239 

10*262726 

9737371 

1342 

10*262629 

9737467 

1445 

10*262533 

9737564 

1548 

10*262436 

9*737661 

16 51 

10*262339 

9737758 

1755 

10*262242 

9737855 

1858 

10*262145 

9737951 

19 61 

10*262049 

9738048 

20 64 

10*261952 

9738145 

21 68 

10*261855 

9*738241 

22 71 

10*261759 

9738338 

23 74 

10*261662 

9738434 

24 77 

10*261566 

9738531 

*25 81 

10*261469 

9*738627 

2684 

10*261373 

9738724 

2787 

10*261276 

9738820 

28 90 

10*261180 

9738917 

29 94 

10*261083 

9739013 

30 97 

10*260987 

9-739109 

1 3 

10*260891 

9*739206 

2 6 

10*260794 

9*739302 

3 JO 

10*260698 

9739398 

4 13 

10*260602 

9739494 

5 16 

10*260506 

9739590 

6 19 

10*260410 

9739687 

7 22 

10*260313 

9739783 

826 

10*260217 

9*739879 

9 29 

10*260121 

9*739975 

1032 

10*260025 

9*740071 

11 35 

10*259929 

9*740167 

12 38 

10*259833 

9*740263 

1342 

10*259737 

9740359 

1445 

10*259641 

9740455 

1548 

10*259545 

9740550 

16 51 

10*259450 

9*740646 

1754 

10*259354 

9*740742 

18 57 

10*259258 

9740838 

1961 

10*259162 

9*740934 

20 64 

10-259066 

9*741029 

21 67 

10*258971 

9*741125 

22 70 

10*258875 

9*741221 

2374 

10*258779 

9*741316 

2477 

10*258684 

9*741412 

25 80 

10*258588 

9*741508 

2683 

10*258492 

9 * 74 i 6 q 3 

27 86 

10*258397 

9*741699 

28 89 

10*258301 

9741794 

2993 

10*258206 

9*741889 

30 96 

10*258111 

Cosine 

Parts 

Secant 


9' 8 1 6796 
9*816933 
9*817071 
9*817209 

9*817347 

9-817484 

9*817622 

9-817759 

9*817897 

9-818035 

9*818172 

9*818310 

9-818447 

9*818585 

9*818722 

9*818860 

9*818997 

9-819135 

9*819272 

9*819410 

9*819547 

9*819684 

9-819822 

9*819959 

9*820096 

9*820234 

9*820371 

9*820508 

9*820646 

9*820783 


Cotang. 


10*183204 

10*183067 

10*182929 

10*182791 

10*182653 

10*182516 

10*182378 

10*182241 

10*182103 

10*181965 

10*181828 

10*181690 

10*181553 

10*181411: 

10*181278 

10*181140 

10*181003 

10*180865 

10*180728 

10*180590 

10*180453 

10*180316 

10*180178 

10*180041 

10*179904 

10*179766 

10*179629 

10*179492 

10-179354 

io*i'792i7 


Tangent 


10*076409 
10*076450 
10*076491 
10*076532 
10*076573 
10*076614 
10*076655 
10*076696 
10*076737 
10*076778 
10*076819 
10*076861 
10*076902 
10*076943 
10*076984 
10*077025 
10*077067 
10*077108 
10*077149 
10*077190 
10*077232 
10*077273 
10*0773 H 
10*077356 
10*077397 
10*077438 
10*077480 
10*077521 
10*077562 
10*077604 
10*077645 


10*077687 

10*077728 

10*077769 

10*077811 

10*077852 

10*077894 

10*077935 

10*077977 

10*078018 

10*078060 

10*078101 

10*078143 

10*078185 

10*078226 

10*078268 

10*078309 

10*078351 

10*078393 

10*078434 

10*078476 

10*078518 

10*078559 

10*078601 

10*078643 

10*078685 

10*078726 

10*078768 

10*078810 

10*078852 1 

10*078893 < 


Cosec. I 


9*923591 
I 9-923550 

I 9 ‘ 9 ^ 35<^9 
^ 9-923468 

; 9*9^34^7 

' 9*9^3386 

' 9 * 9^3345 
> 9*923304 
[ 9*923263 
i 9*923222 
L 9-923181 

; 9*9^3139 
' 9*9^3098 
! 9*923057 

I 9*923016 
9*922975 

9*92^933 

9*922892 

9*922851 

• 9*922810 
9*922768 

: 9*922727 

• 9*922686 
9*922644 
9*922603 

. 9*922562 
9*922520 
9*922479 
9-922438 
9*922396 

9 ^ 9^355 


9*922313 
9*922272 
9*922231 
9*922189 
9*922148 
9*922106 
9*922065 
9*922023 
9*921982 
9*9^^940 
9*921899 
9*921857 
9*921815 
9*921774 
9*921732 
9*921691 
. 9*921649 
9*921607 
9*921566 

9*921482 
9*921441 
9*921399 
9*921357 
9-921315 
I 9'92ia74 
9*921232 
9*921190 
9*921148 
9*921107 


m. 

/ n 

48 

60 

58 

30 

56 

69 

54 

30 

5’i 

58 

50 

30 

48 

«7 

46 

30 

44 

56 

42 

30 

40 

65 

38 

30 

36 

54 

34 

30 

32 

63 

30 

30 

28 

52 

26 

30 

‘24 

61 

22 

30 

20 

50 

IS 

30 

16 

49 

14 

30 

12 

48 

10 

30 

8 

47 

0 

30 

4 

46 

2 

30 

47 

45 

58 

30 

56 

44 

54 

:i() 

52 

43 

50 

30 

48 

42 

46 

30 

44 

41 

42 

30 

40 

40 

38 

30 

36 

39 

:^4 

30 

32 

38 

30 

30 

28 

37 

*26 

30 

*24 

36 

22 

30 

20 

35 

18 

30 

16 

34 

14 

30 

12 

33 

10 

30 











TABLE 68 


759 


LOG. SINES. COSINES, itc. 

__ 


' Sine 
9741889 
9*741985 
9*742080 
9*742176 
• 9*74^271 
9*742366 
9*742462 

9742557 

9*742652 

9742747 

9*742842 

9742937 

9743033 

9*743128 

9743223 

9743318 

9743413 

9*743508 

9*743602 

9743697 

9743792 

9743887 

9*743982 

9744077 

9*744171 

9*744266 

9744361 

9744455 

9744550 

9744644 

9744739 

9744833 

9744928 

9*74.5022 

9*745117 

9*745211 

9*745306 

9745400 

9745494 

9745589 

9745683 

9745777 

9*745871 

9745965 

9*746060 

9746154 

9*746248 

9746342 

9746436 

9746530 

9*746624 


9746718 

9*746812 

9746905 

9746999 

9747093 

9-747187 

9747281 

9747374 

9747468 

9747562 


5 Cosec. 

10*258111 
t 10*258015 
i 10*257920 
) 10*257824 
; 10*257729 
i 10*257634 
) 10*257538 
i 10*257443 
; 10*257348 
; 10*257253 
I 10*257158 
; 10*257063 
I 10*256967 
: 10*256872 
L 10*256777 
i 10*256682 
: 10*256587 
. 10*256492 
' 10*256398 
» 10*256303 
10*256208 
10*256113 
I 10*256018 
10*255923 
I 10*255829 
I 10*255734 
, 10*255639 
. 10*255545 
I 10*255450 
' 10*255356 
1 10*255261 
10*255167 
I 10*255072 
I 10*254978 
10*254883 
10*254789 
I 10*254694 
10*254600 
10*254506 
10*254411 
10*254317 
: 10*254223 
: 10*254129 
10*254035 
, 10*253940 
10*253846 
I 10*253752 
10*253658 
10*253564 
10*253470 
10*253376 


10*253282 
10*253188 
10*253095 
10*253001 
10*252907 
10*252813 
10*252719 
10*252626 
10*252532 
. 10*252438 


Tangent 

Parts 

Cotang. 

9*820783 



10*179217 

9*820920 

1 

' 5 

10*179080 

9*821057 

2 

9 

10*178943 

9*821195 

3 

H 

10*178805 

9*821332 

4 

18 

10*178668 

9*82146'^ 

5 

23 

10*178531 

9*821606 

6 

27 

10*178394 

9*821743 

7 

32 

10*178257 

9*821880 

8 

37 

10*178120 

9*822017 

9 

41 

10*177983 

9*822154 

10 

46 

10*177846 

9*822292 

11 

50 

10*177708 

9*822429 

12 

55 

10*177571 

9*822566 

13 

59 

10*177434 

9*822703 

14 

64 

10*177297 

9*822840 

15 

69 

10*177160 

9*822977 

IG 

73 

10*177023 

9*823114 

17 

78 

10*176886 

9*823251 

18 

82 

10*176749 

9*823387 

19 

87 

10*176613 

9*823524 

20 

91. 

10*176476 

9*823661 

21 

96 

10*176339 

9*823798 

22 

lOI 

10*176202 

9*823935 

23 

105 

10*176065 

9*824072 

24 

no 

10*175928 

9*824209 

25 

114 

10*175791 

9*824345 

26 119 

10*175655 

9*824482 

27 

123 

10*175518 

9*824619 

28 

128 

io* 175'?8 i 

9*824756 

29 

133 

10*175244 

9*824893 

30 

LV.. 

10*175107 

9*825029 

1 

5 

10*174971 

9*825166 

2 

9 

10*174834 

9*825303 

3 

H 

10*174697 

9-825439 

4 

i8 

10*174561 

9*825576 

5 

23 

10*174424 

9*825713 

6 

27' 

10*174287 

9*825849 

7 


10*174151 

9*825986 

8 

36 

10*174014 

9*826123 

9 

41 

10*173877 

9*826259 

10 

45 

10*173741 

9*826396 

11 

50 

10*173604 

9*826532 

12 

55 

10*173468 

9*826669 

13 

59 

10*173331 

9*826805 

14 

64 

10*173195 

9*826942 

15 

68 

10*173058 

9*827078 

16 

73 

10*172922 

9*827215 

17 

77 

10*172785 

9*827351 

18 

82 

10*172649 

9*827488 

19 

86 

10*172512 

9*827624 

20 

9* 

10*172376 

9*827761 

21 

96 

10*172239 

9*827897 

22 

100 

10*172103 

9*828033 

23 

105 

10*171967 

9*828170 

24 

109 

10*171830 

9*828306 

25 

114 

10*171694 

9*828442 

26 

118 

10*171558 

9*828579 

27 123 

10*171421 

9*828715 

28 

127 

10*171285 

9*828851 

29 132 

10*171149 

9*828987 

30 

136 

10*171013 

Cotang. 

Parts 

Tangent 


Secant 

10*078893 

10*078935 

10*078977 

10*079019 

10*079061 

10*079103 

10*079144 

10*079186 

10*079228 

10*079270 

10*079312 

10*079'^ 

10*079396 

10*079438 

10079480 

10*079522 

10*079564 

10*079606 

10*079648 

10*079690 

10*079732 

10*079774 

10*079816 

10*079859 

10*079901 

10*079943 

10*079985 

10*080027 

10*080069 

io*c8oiii 

10*080154 

10*080196 

10*080238 

10*080280 

10*080323 

10*080365 

10*080407 

10*080449 

10*080492 

10*080534 

10*080576 

10*080619 

10*080661 

10*080703 

10*080746 

10*080788 

10*080831 

10*080873 

10*080915 

10*080958 

10*081000 


10*081043 

10*081085 

10*081128 

10*081*170 

10*081213 

10*081255 

10*081298 

10*08x341 

10*081383 

10*081426 


Parts Cosine 
9*921107 
1'' I 9*921065 

2 3 9*921023 

3 4 9*920981 

4 6 9*920939 

5 7 9*920897 

6 8 9*920856 
7 10 9*920814 
8 11 9*920772 
9 13 9*920730 

10 14 9*920688 

11 15 9*920646 

12 17 9*920604 

13 18 9*920562 

14 20 9*920520 
lf>21 9*920478 

1622 9*920436 

1724 9*9^0394 

18 25 9‘920352 
1927 9*920310 
2028 9 920268 
21 29 9*920226 
2231 9*920184 
2332 9*920141 
2434 9*920099 
2535 9*9^^057 
2636 9*920015 
2738 9'9*9973 
28 39 9’9*993 i 
2941 9*919889 
3042 9*919846 

1 I 9'9I98 o 4 

2 3 9*919762 

3 4 9*919720 

4 6 9'9i9^77 

5 7 9'9^9635 

6 8 9-919593 

7 10 9-91955* 
811 9-9*950^ 
9 13 9*919466 

10 14 9-9*94H 

11 16 9*919381 
1217 9-9*9339 

13 18 9*9*9^97 

14 20 9*919254 

15 21 9*919212 

1623 9*9*9*69 
1724 9*9*9*27 
1825 9*919085 
1927 9*9*9042 
20 28 9*919000 


21 30 9*9*8957 
2231 9*918915 
2332 9*918872 
24 34 9*918830 

2535 9*9*8787 

2637 9*9*8745 
2738 9*918702 
2839 9*9*8659 
2941 9*918617 

3042 9*9*8574 
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TABLE 68 


LOG. SINES, COSINES, &c. 


Sine 

Parts 

Cosec. 

9*747562 

9*747655 

9*747749 

9*747842 

9*747936 

9*748030 

9*748123 

9*748216 

9*748310 

9*748403 

9*748497 

1"3 
2 6 

3 9 

4 12 

5 16 

6 iq 

7 2^ 
825 
928 

IO3J 

10-252438 

10-252345 

10-252251 

10*252158 

10*252064 

10*251970 

10*251877 

10-251784 

10*251690 

*0-251597 

10-251503 

9*748590 

9*748683 

9*748777 

9*748870 

9*748963 

9*749056 

9*749*49 

9*749243 

9*749336 

9*749429 

11 34 
1237 
1340 
1443 
1547 
16 50 

1753 

I856 

1959 

20 62 

10-251410 

10*251317 

10-251223 

10*251130 

10-251037 

10*250944 

10*250851 

10-250757 

iq‘25o664 

10-250571 

9*749522 

9*749615 

9*749708 

9*749801 

9*749894 

9*749987 

9-750079 

9*750172 

9*750265 

9*750358 

21 65 
2268 

23 72 
2475 
2578 
2681 
27 84 
2887 
29 90 
3093 

10-250478 

10-250385 

10*250292 

10*250199 

10-250106 

10*250013 

10*249921 

10*249828 

10*249735 

10-249642 


9'7S045* 

9'75<3543 

9*750636 

9*750729 

9*750821 

9*750914 

9*751007 

9*751099 

9*751192 

9*751284 


9*751377 

9*751469 

9*751561 

9*751654 

9’75I746 

9*751839 

9*751931 

9*752023 

9*752115 

9*752208 


9*752300 

9*752392 

9*752484 

9*752576 

9*752668 

9*752760 

9*752852 

9*75^4 

9*75303^ 

9*753Ti8 


1 3 10*249549 
3 6 10*249457 

3 9 ^0*249364 

4 12 10*249271 
615 fc*249i79 
618 io*:;(49o86 
721 10*248993 
825 10*248901 
928 10*248808 

10 31 10*248716 


11 34 10*248623 

12 37 10*248531 
1340 10*248439 
1443 *0*248346 
1546 10*248254 
1649 *0*248161 

17 52 10*248069 

18 55 10*247977 

19 59 10*247885 
2062 10*247792 


21 65 10*247700 

22 68 10*247608 
2371 10*247516 
24 74 10*247424 
2577 10*247332 
26 80 10*247240 
2783 10*247148 
lft86 10*247056 
2989 10*246964 
3092 10*246872 


9*828987 

9*829124 

9*829260 

9*829396 

9*829532 

9*829669 

9*829805 

9*829941 

9*830077 

9*830213 


9*833204 

9*833339 

9*833475 

9*833611 

9*833747 

9*833882 

9*834018 

9*834154 

9*^34289 


1 

Parts 1 


1. 

1 

" 5 

2 

9 

3 

*4 

4 

18 ] 

5 

23| 

6 

27 

7 

32 

8 

36 

9 

4* 

10 

45 

11 

50 

12 

54 

13 

59 

14 

63 

15 

68 

16 

72 

17 

77 

IS 

82 

19 

86 

20 

9* 

21 

95 

22 

too 

23 

104 

24 

109 

25 

**3 

26 

118 

27 

122 

28 

127 

29 

131 

30 

136 

1 

5 

2 

9 

3 

14 

4 

j8 

5 

*3 

6 

27 

7 

32 

8 

36 

9 

4* 

IQ 

45 

11 

50 

12 

54 

13 

59 

14 

63 

J5 

68 

16 

72 

17 

77 

18 

81 

19 

86 

20 

90 

21 

95 

22 

99 

23 

104 

24 108 I 

25 

1*3 * 

86 

118 1 

27 

122 I 

28 

127 I 

29 13 I I 

30 

136 I 

Parts 1 


10*170876 

10*170740 

10*170604 


0*169787 

0*169651 


0*168019 


I Secant 


i 10*081426 
I 10*081468 
I 10*081511 
10*081554 
10*081596 
10*081639 
10*081682 
10^*081724 
10*081767 
io*o8i8io 
10*081853 
10*081895 
10*081938 
10*081981 
10*082024 
10*082066 
10*082109 
10*082152 
10*082195 
10*082238 
10*082281 
10*082324 
10*082366 
10*082409 
10*082452 
10*082495 
10*082538 
10*082581 
10*082624 
10*082667 
10*082710 
10*082753 
10*082796 
10*082839 
10*082882 
10*082925 
10*082968 
10*083011 
10*083054 
10*083098 
10*083141 
10*083184 
10*083227 
10*083270 
10*083313 
io'o? 33S7 
10*083400 
10:083443 
10*083486 
10*083530 
10*083573 
10*083616 
10*083659 
10*083703 
10*083746 
10*083789 
10*083833 
10*083876 
10*083920 
10*083963 
10*084006 


Tangent 


Parts Cosine 


9-918574 

1 I 9-918531 

2 3 9*918489 

3 4 9*918446 

4 6 9*918404 

5 7 9*918361 

6 9 9*918318 

7 10 9*918276 
3 II 9*918233 
9 13 9*918190 

1014 9*918147 
11 16 9*918105 
1217 9*918062 

13 19 9*918019 

14 20 9*917976 

15 21 9'9I7934 
1623 9*917891 
17 24 9*917848 
I826 9*917805 
1927 9*917762 
2029 9*917719 
21 30 9*917677 

2231 9*917634 

2333 9*91759* 

2434 9*917548 
2536 9*9*7505 

2637 9*9 *746* 
2739 9*9*74*9 
2840 9*9*7376 

2941 9*9*7333 

30 43 9*917290 * 

1 1 9*9*7^47 

2 3 9*917204 

3 4 9*917161 

4 6 9*917118 
6 7 9*9*7075 

6 9 9*917032 

7 10 9*916989 

8 12 9*916946 

9 13 9*916902 

10 14 9-916859 

11 16 9*916816 

12 17 9*916773 

13 19 9*916730 

14 20 9*916687 

15 22 9*916643 
1623 9*916600 

1724 9*9*6557 

I826 9*916514 
19 27 9*916470 
2p29 9*916427 

31 30 9*916384 

2232 9*9*634* 

2333 9*916297 

2435 9*916254 
26 36 9*916211 
26 37 9:916167 
*7 39 9*916124 
2840 9:91^081 

2942 9*916037 
10 43 9*9*5994 


Sine 


21 30 9* 
2231 9* 

|«33 9- 

24 34 9* 

25 36 9* 

26 37 9* 

27 39 9* 
2840 9* 
2941 9* 

3043 r 

1 1 9* 

2 3 9* 

349* 

469* 

579* 

699* 

7 10 9* 

8 12 9 * 
9*3 9* 

10 14 9^ 

11 16 9* 
1217 9* 

13 19 9* 

14 20 9* 

15 22 9* 
1623 9* 
1724 9* 

18 26 9* 

19 27 9* 
2p29 9* 


31 30 9* 
22 32 9* 
2333 9* 
2435 9* 
36 36 9* 

26 37 9: 

27 39 9* 
2840 9: 
2942 9* 
3043 9* 
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9*753128 

97533120 

9*753312 

9*753404 

9753495 

9753587 

9753679 

97S377I 

9*753862 

9753954 

9*754046 

9754137 

9*754229 

9*754320 

9754412 

9754503 

97 54595 
9*754686 
9754778 
9754869 
9754960 

9*755052 

9755H3 

9755234 

9*755326 

9755417 

9755,508 

9755599 

9755690 

9755781 

975 5872 

9755963 

9756054 

9756145 

9756236 

9*756327 

9*756418 

9756509 

9-756600 

9*756691 

9756782 

9*756872 

9*756963 

9757054 

9757144 

975723 s 

9757326 

9*757416 

9757507 

9757597 

9757688 

9757778 

9*757869 

9757959 

9*758050 

9758140 

9*758230 

9*758321 

9*758411 

9*758501 

I 9758591 


; Cosec. 


10*246872 
10*246780 
I 10*246688 
I 10 246596 
, 10*246505 
; 10*246413 
1 10*246321 
10*246229 
. 10*246138 
’ 10*246046 
‘ ^0*245954 
. 10*245863 
' 10*245771 
» 10*245680 
i 10*245588 
I 10*245497 
, 10*245405 
10*245314 
: 10*245222 
I 10*245131 
10*245040 
. 10*244948 
10*244857 
I 10*244766 
, 10*244674 
» 10*244583 
} 10*244492 
i 10*244401 
; 10*244310 
I 10*244219 
: 10*244128 
; 10*244037 
i 10*243946 
I i«'243855 

, 10*243764 
: 10*243673 
; 10*243582 
10*243491 
. 10*243400 
- 10*243309 
) 10*243218 
[ 10*243128 
) 10*243037 
) 10*242946 
i 10*242856 
; 10-242765 
i 10*242674 
[ 10*242584 
h 10*242493 
7 10*242403 
j 10*242312 
I 10*242222 
) 10*242131 
) 10*242041 
I 10*241950 
j 10*241860 
) 10*241770 
i 10*241679 
; 10*241589 
S 10*241499 
I 10*241409 


Tangent 

9’837134 

9*837270 

9*837405 

9*837540 

9*837675 
9*837811 
9*837946 
9*838081 
9-838216 
9*838352 
9*838487 ] 
9-838622 ] 
9*838757 ] 
9*838892 ] 
9*839027 ] 
9-839162 ] 
9*839297 ] 

9*839433 

9*839568 

9*839703 

9*839838 

9*839973 

9*840108 

9*840243 

9*840378 

9*840513 

9*840648 

9*840782 

9*840917 

9*841052 

9*841187 

9*841322 

9*841457 

9*841592 

9-841727 

9*841861 

9*841996 

9*842131 

9-842266 

9*842400 

9*842535 

9*842670 

9-842805 

9-842939 

9*843074 

9*843209 

9*843343 

9*843478 
[ 9*843612 

9*843747 

9*843882 ' 
9*844016 ' 

9*844151 

9*844285 

9*844420 

9*844554 

9*844689 

9-844823 

9*844958 

9*845092 

9*845227 


Cotang . 

10*162866 

10*162730 

10*162595 

10*162460 

10*162325 

10*162189 

10*162054 

10*161919 

10*161784 

10*161648 

10*161513 

10*161378 

10*161243 

io*i6iio8 

10*160973 

10*160838 

10*160703 

10*160567 

10*160432 

10*160297 

10*160162 

10*160027 

10*159892 

10*159757 

10*159622 

10*159487 

10*159352 

10*159218 

10*159083 

10*158948 

10*158813 

10*158678 

10*158543 

10*158408 

10*158273 

10*158139 

10*158004 

10*157869 

10*157734 

10*157600 
10*157465 
10*157330 
10157195 
10*157061 
10*156926 
10*156791 
10*156657 
• 10*156522 
10*156388 
; 10*156253 

> 10*156118 
. 10*155984 

► 10*155849 

; 10*155715 

; 10*155580 
I 10*155446 
t 10*155311 
r 10*155177 
) 10*155042 
) 10*154908 

) 10*154773 


Secant 

10*084006 

10*084050 

10*084093 

10*084137 

10*084180 

10*084224 

10*084267 

10*084311 

10*084354 

10*084398 

10*084441 


10*084485 

10*084528 

10*084572 

10*084615 

10-084659 

10*084703 

10*084746 

10*084790 

10*084834 

10*084877 


10*084921 

10*084965 

10*085008 

10*085052 

. 10*085096 

10*085140 

10*085183 

10*085227 

10*085271 

10*085315 


10*085359 

10*085402 

10*085446 

10*085490 

10*085534 

10*085578 

10*085622 

10*085666 

10*085710 

10*085754 


10*085798 
10*085842 
10*085886 
10*085930 
10*085974 
io*o86oi8 
10*086062 
10*086106 
10*086150 
10*086194 
10-086238 I 
10*086282 I 
10*086326 
10-086370 
10*086415 
10-086459 
10*086503 
10*086547 
10*086591 
10*086635 


Parts [ Cosine 
9-915994 

1" I 9*915950 

2 3 9-915907 

3 4 9-915863 

4 6 9*915820 

5 7 9*915776 

6 9 9*9^5733 

7 10 9*915689 

8 12 9-915646 
913 9*915602 

10 15 9*9*5559 


11 16 9*9*55*5 

12 17 9*915472 

13 19 9*915428 

14 20 9*915385 
16 22 9 915341 
1623 9*915297 

1725 9-9*5254 

18 26 9*915210 
1928 9*915166 
2029 9*9*5*23 


21 30 9*915079 
2232 9*915035 

2333 9*9*4992 
2435 9*9*494^ 
25 36 9*914904 

2638 9*914860 
2739 9*9*4817 
2840 9*914773 
2942 9*914729 
3044 9*914685 


1 1 9-914641 

2 3 9*914598 

3 4 9*9*4554 

4 6 9*914510 

5 7 9*914466 

6 9 9*914422 

7 10 9*914378 

8 12 9*914334 

9 13 9*914290 
10 15 9*914246 


11 16 9*914203 

12 18 9*914158 

13 19 9*9141 H 

14 21 9*914070 

15 22 9-914026 
1624 9*913982 
1725 9-91393^ 
1826 9*91389^ 
1928 9‘9*385C 
2029 9*913806 
21 31 9*913763 

2232 9*9137*^ 
23 34 9*9*367^ 
2435 9*9*363« 
2537 9*9*358: 

2638 9*9*354 
2740 9*9*349: 
2841 9*9*345: 
2943 9*9*340< 
3044 9-9*3.36: 
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30 58 

30 22 


Sine 

9*75^591 
9-758681 
9758772 
9758862 
9-758952 
9-759042 
9-759132 
9-759222 
9'7593ia 
9-759402 
9*75949^ 
9-759582 
9-759672 
9-759762 
9-759852 
9-759941 
9760031 
9-760121 
9-760211 
9-760300 
9*760390 
9-760480 
9-760569 
9-760659 
9-760748 
9-760838 
9-760927 
9-761017 
9*761106 
9*76 1 196 
9-761285 
9*761374 
9-761464 
9'7f’i553 
9-761642 
9-761732 
9-761821 
9*761910 
9*761999 
9*762088 
917^il77_ 
9-762267 
9-762356 
9-762445 
9-762534 
9*762623 
9*762712 
9-762801 
9*762889 
9*762978 
9*763067 

9*763156" 

9-763245 

9*763333 

9-763422 

9-763511 

9-763600 

9*763688 

9*763777 

9-763865 

9*7639*^4 

Cosine 


Parts Cosec. 


} 10-241138 
1 10-241048 
5 10-240958 
8 10-240868 
I 10*240778 
10*240688 
7 10*240598 
D 10*240508 
3 10*240418 
S 10*240328 
7 10*240238 
i 10*240148 
; 10-240059 
I 10*239969 
r 10*239879 
|. 10-239789 
r 10*239700 
) 10*239610 
; 10*239520 
) 10*239431 
) 10*239341 
I 10-239252 
; 10*239162 
I 10*239073 
I 10*238983 
I- 10*238894 
' 10*238804 
j 10-238715 
1 10*238626 
' 10*238536 
I ro-238447 

• 10*238358 
; 10*238268 
1 10-238179 

10-238090 
. 10-238001 
10*237912 

• 10*237823 

. ici-237733 

• 10-237644 

' *-*5-37555 

10*237466 

• 10-237377 
’ 10*237288 
I 10*237199 
1 10*237111 

> 10-237022 
} 10*236933 
, 10*236844 
; 10*236755 
1 10*236667 

10*236578 
. 10*236489 
10*236400 

> 10*236312 
; 10*236223 
) 10*236135 
) 10*236046 

i Secant 


Tangent 

1 Parts 

9*845227 

9*845361 

1 

" 4 

9*845496 

2 

9 

9*845630 

3 

13 

9*845764 

4 

18 

9*845899 

5 

f’a 

9*846033 

6 

27 

9*846168 

7 

31 

9*846302 

8 

36 

9*846436 

9 

40 

9*846570 

10 

45 

9846705 

11 

49 

9*846839 

12 

54 

9-846973 

13 

58 

9*847108 

14 

63 

9*847242 

15 

67 

9*847376 

16 

72 

9*847510 

17 

76 

9-847644 

18 

80 

9*84-7779 

19 

85 

9-847913 

20 

89 

9*848047 

21 

94 

9-848181 

22 

98 

9-848315 

23 

103 

9-848449 

24 

107 

9-848583 

25 

112 

9-848717 

26 116 

9*848851 

27 

121 

9*848986 

28 

125 

9*849120 

29 

130 

9*849254 

30 

134 

9*849388 

1 

4 

9*849522 

2 

9 

9*849656 

3 

13 

9 849790 

4 

18 

9*849924 

5 

22 

9*850057 

6 

27 

9*850191 

7 

31 

9*8503-5 

8 

3<> 

9*850459 

9 

40 

9*850593 

10 

45 

9*850727 

11 

49 

'9*850861 

12 

54 

9 850995 

13 

58 

9-851129 

14 

62 

9*851262 

15 

67 

9*851396 

16 

71 

9*851530 

17 

76 

9*851664 

18 

80 

9*851797 

19 

85 

9*851931 

20 

89 

9*852065 

21 

94 

9*852199 

22 

98 

9*852332 

23 

103 

9*852466 

24 

107 

9*852600 

25 

III 

9*852733 

26 116 

9-852867 

27 

120 

9*853001 

28 

125 

9*853134 

29 J2Q 

9*853268 

30 

134. 

Cotang. 

Parts j 


Cotang 

10-154773 

I10-154639 

10*154504 

10*154370 

10*154236 

10-154101 

10*153967 

10*153832 

10-153698 

10-153564 

10*153430 

10-153295 

10*153161 

10*153027 

10*152892 

10*152758 


10*151819 


10*147133 
10*146999 
10*146866 
id* 146732 


Secant 
10086635 
10*086680 
10*086724 
10-086768 
10-086813 
10*086857 
10*086901 
10*086945 
10*086990 
10*087034 
10*087073 
10*087123 
10*087167 
10*087212 
10*087256 
10*087300 
10*087345 
10-087389 
10*087434 
10*087478 
10*087523 
10*087567 
10*087612 
10*087656 
10-087701 
10*087746 
10*087790 
10*087835 
10*087879 
10*087924 
10*087969 
10*088013 
10*088058 
10*088103 
10*088147 
10-088192 
10*088237 
10*088281 
10*088326 
10*088371 
10-088416 
10088460 
10-088505 
10*088550 
10*088595 
10*088640 
10*088685 
10*088729 
10*088774 
10*0888 19 
10*088864 
10*088909 
10*088954 
10*088999 
10*089044 
10*089089 
10*089134 
10*089179 
10*089224 
10*089269 
10*089314 

Cosec. 


Parts Cosine ^* 

9 * 9*3365 io 

1" I 9-913320 38 

2 3 9*913276 56 

3 4 9*913^32 51 

4 6 9*913187 52 

6 7 9*913143 50 

6 9 9*913099 48 

7 10 9*913055 40 

8 12 9*913010 44 

9 13 9*912966 4*2 

10 I 5 9*912922 40 

11 16 9*912877 38 

12 18 9*912833 36 

13 19 9-912788 34 

14 21 9-912744 32 

15 22 9-912700 30 
1624 9*912655 28 

17 25 9*912611 *26 

18 27 9*912566 *24 
1928 9-912522 -22 

20 30 9*912477 -20 

21 31 9*912433 18 

22 33 9-912388 16 

23 34 9*912344 14 
2436 9-912299 12 

25 37 9-912255 10 

26 38 9*912210 8 

2740 9*912165 0 

2841 9*912121 4 

2943 9*912076 2 

30 44 9*912031 39 

1 1 9*911987 58 

2 3 9*911942 56 

3 4 9*911897 51 

4 6 9*911853 52 

5 7 9*911808 50 

6 9 9*91 1763 48 

7 10 9*911719 46 

8 12 9-911674 44 

9 13 9-911629 42 

10 15 9*91 1584 40 

11 16 9*911540 38 

12 18 9*91 1495 36 

13 19 9*911450 31 

14 21 9*911405 32 

15 22 9*911360 30 

16 24 9*911315 *28 

17 25 9*91 1271 *26 

18 27 9*911226 *24 

1928 9*911181 2*2 

20 30 9*911136 -20 

21 31 9*91 1091 18 
2233 9*911046 16 

23 34 9*911001 14 

24 36 9-910956 12 

2637 9*910911 10 
2639 9*910866 8 

2740 9*910821 6 

2842 9*910776 4 

2943 9*910731 2 

3045 9*910686 0 

Parts Sine ip* 

__ 
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763 


30 0 9-' 

30 2 9*' 


30 in 9 ' 

33 12 9’ 

30 14 9* 

34 10 9* 

30 18 9* 

35 20 

30 22 9* 

30 24 9* 

30 26 9* 

37 28 9* 

30 30 9* 

38 32 9* 

30 34 9‘ 

39 36 9* 

30 38 9‘ 

40 40 9* 

30 42 9* 

41 41 9* 

30 40 9‘ 

42 48 9* 

30 50 9* 

43 52 9* 

30 51 9’ 

44 56 9‘ 

30 58 9* 

45 23 ^ 

30 2 9 ’ ' 


30 10 9*/ 

48 12 9’/ 

30 M 9-7 

49 16 ■9*7 

30 18 9' 7 

50 20 9*7 

30 22 9*7 

51 24 9'7 

30 26 9 ‘7 

52 28 9-7 

30 30 9*7 

53 32 9*7 

30 34 9*7 

54 36 9*7 

[ 30 38 9*7 

65 40 9*7 

30 42 9*7 

56 +4 9*7 

30 46 9*7 

57 48 9*7 

30 60 9*7 

58 62 9*; 

30 64 9*' 

59 56 9*' 

30 58 9*: 

jO 24 9r 


Cosec. 
10*236046 
10*235957 
10*235869 
10-235780 
10*235692 
10*235604 
10*235515 
10-235427 
10-235338 
10*235250 
10*235162 
10*235074 
10*234985 
10*234897 
10*234809 
10*234721 
10*234633 
10*234544 
10*234456 
10*234368 
10*234280 
10*234192 
10*234104 
10*234016 
10*233928 
10*233841 
10*233753 
10*233665 
10*233577 
10*233489 
10*233402 
■ 10*233314 
10*233226 
10*233138 
10*233051 
10*232963 
10*232876 
10*232788 
10*232700 
10*232613 
10*232525 
10*232438 
10*232351 
10*232263 
10*232176 
10*232088 
10*232001 
10*231914 
10*231827 
io'23i739 
10*231652 
10*231565 
. 10*231478 
10*231391 
I 10*231303 
10*231216 
I 10*231129 
I 10*231042 
I 10*230955 
10*230868 
f 10*230781 


LOG. S 1 NP:S, cosines, ike. 
Tanarent I Parts I Cotaner. I 


Tangent Parts 
9*853268 
9*853402 1" 4 

9’«53S35 2 9 

9*853669 3 13 

9*853802 4 18 

9*853936:15 22 
9*854069 6 27 

9*854203 7 31 

9*854336 8 36 

9*854470 9 40 

9*854603 10 44 
9*854737 11 49 
9*854870 12 53 
9*855004 13 58 
9*855137 14 62 
9*855271 15 67 
9*855404 16 71 
9-855537 17 76 
9*855671 18 80 
9*855804 19 85 
9*855938 20 89 
9*856071 21 93 
9*856204 22 98 
9*856338 23 102 
9*856471 24 107 
9*856604 25 111 
9*856737 26 116 
9*856871 27 120 
9*857004 28 125 
9*857137 29 129 
9*857270 30 133 
9*857404" 1 4 

9’857537 2 9 

9*857670 3 13 
9*857803 4 18 

9*857936 5 22 

9*858069 6 27 

9858203 7 31 

9858336 8 35 

9*858469 9 40 

9*858602 10 44 
9*858735 11 49 
9*858868 12 53 
9*859001 13 58 

9*859134 14 62 
9*859267 15 66 
9*859400 16 71 

9’859S33 17 75 

9*859666 18 80 
9*859799 19 84 
9*859932 20 89 
9*860065 21 93 

9*860198 22 97 
9*860331 23 102 
9*860464 24 106 
9*860597 25 III 
9*860730 26 115 
9*860862 27 120 
9*860995 28 124 
9*861128 29 128 
9*861261 30 133 

Cotang. Parts 


Cotang. 

10*146732 

10*146598 

10*146465 

10*146331 

10*146198 

10*146064 

10*145931 

*o*H5797 

10*145664 

10*145530 

121115197 
10*145263 
10*145130 
10*144996 
10*144863 
10*144729 
10*144596 
10*144463 
10*144329 
10*144196 
.10*144062 
10*143929 
10*143796 
10*143662 
10*143529 
10*143396 
10*143263 
10*143129 
10*142996 
10*142863 
10*142730 
10*142596 
10*142463 
10*142330 
10*142197 
10*142064 
10*141931 
10*141797 
10*141664 
lo 141531 
10*141398 
10*141265 
10*141132 
10*140999 
10*140866 
10*140733 
10*140600 
10*140467 
10*140334 
10*140201 
10*140068 
10*139935 
10*139802 
10*139669 
10*139536 
10*139403 
10*139270 
10*139138 
10*139005 
10*138872 

10*138739 

Tangent 


Secant 
10*089314 
10*089359 
10*089404 
10*089449 
10*089494 
10*089539 
10*089585 
10*089630 
10*089675 
10*089720 
10*089765 
10-089810 
10*089856 
10*089901 
10*089946 
10*089991 
10*090037 
10*090082 
10*090127 
10*090173 
10*090218 
10*090263 
10*090309 
10*090354 
10*090399 
10*090445 
10*090490 
10*090536 
10*090581 
10*090626 
10*090672 
10*090717 
10*090763 
10*090808 
10*090854 
10*090899 
10*090945 
10*090991 
10*091036 
10*091082 
10*091127 
10091173 
10*091219 
10*091264 
10*091310 
10*091356 
10*091401 
10*091447 
10*091493 
10*091538 
10*091 584 
10*091630 
10*091676 
10*091721 
10*091767 
10*091813 
10*091859 
10*091905 
10*091951 
io‘09i997 
10*092042 

Cosec. 


Parts Co.sine * 
9*910686 2 
1'' 2 9*910641 

2 3 9*910596 

3 5 9-910551 

4 6 9*910506 

5 8 9*910461 

6 9 9*91041 5 

7 1 1 9*910370 

8 12 9-910325 

9 14 9-910280 

10 15 9*910235 

11 17 9-910190 

12 18 9*910144 

13 20 9*910099 
1421 9-910054 
1523 9-910009 
1624 9*909963 
17269*909918 

18 27 9 909873 

1929 9*909827 

20 30 9*909782 

21 32 9*909737 

22 33 9*909691 

23 3 5 9*909646 

24 36 9*909601 

2538 9*909555 

26 39 9*909510 

2741 9*9094^4 

2842 9’ 9094 19 
2944 9*909374 
.3045 9*9093^8 ; 

1 2 9-909283 

2 3 9*909237 

3 5 9-909192 

4 6 9-909146 

5 8 9-909101 

6 9 9*909055 

7 II 9-909009 

8 12 9-908964 

9 14 9*908918 

10 15 9-908873 

11 17 9-908827 

12 18 9-908781 

13 20 9*908736 

14 21 9-908690 

15 23 9-908644 
1624 9*908599 
1726 9*908553 
18 27 9-908507 
1929 9-908462 

20 30 9-908416 

21 32 9-908370 
I 22 34 9-908324 

2335 9*908279 

24 36 9*908233 

25 38 9*908187 
2640 9*908141 
2741 9*908095 

2843 9*908049 
2944 9*908003 
3046 9*907958 

Parts Sine ' 
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LOG. SINES, COSINES, &c. 


36 ° 


30 

20 

7 

28 

30 

30 

8 

32 

30 

34 

9 

30 

30 

38 

10 

40 

30 

42 

11 

44 

30 

46 

12 

48 

.30 

50 

13 

52 

30 

54 

14 

66 

30 

58 

15 

ZB 

30 

2 

16 

4 

30 

6 

17 

8 

30 

10 

18 

12 

30 

14 

19 

16 

30 

18 

20 

20 

30 

22 

21 

24 

30 

26 

22 

28 

30 

30 

23 

.32 

30 

34 

24 

30 

.SO 

38 

25 

40 

30 

42 

26 

41 

30 

46 

27 

48 

30 

50 


52 

30 

54 

29 

56 

:i6 

58 


ze 

7 ff 

nir 


i 


Sine 

9769219 

9*769306 

9769393 

9769479 

9*769566 

9769653 

9*769740 

9*769827 

9*769913 

9*770000 

9*770087 

9*770173 

9*770260 

9770347 

9770433 

9*770520 

9*770606 

9*770693 

9*770779 

9*770866 

97 70952 

9771039 

9*771125 
9*77121 1 
9771298 
9771384 

9*771470 

9*771556 

9771643 

9*771729 

9771815 

9*771901 

9*771987 

9772073 

9772159 

9772245 

9772331 

9772417 

9772503 

9772589 

9772675 

9*772761 

9772847 

9772933 

9-7'»ioi8 
9*773104 
9*773190 
9*773276 
9773361 
9*773447 
97 *. 3533 
9*773618 

9*773704 

9*773789 

9*773875 

9*773960 

9*774046 

9*774131, 

9*774217 

9*774302 

9* 774388 

Cosine 


Parts Cosec. 
10*230781 
1'' 3 10*230694 

2 6 10*230607 

3 9 10*230521 

4 12 10*230434 

5 14 10*230347 
6 17 10*230260 
7 20 10*230173 
823 10*230087 
926 10*230000 

10 29 10*229913 

11 32 10*229827 
1235 10*229740 
13 37 10*229653 
1440 10*229567 
1543 10*229480 
1646 10*229394 

17 49 10*229307 

18 52 10*229221 

19 55 10*229134 

20 58 10*229048 

21 60 10*228961 
2263 io’2i2,8875 

23 66 10*228789 

24 69 10*228702 

25 72 10*228616 
2675 10*228530 
27 78 10*228444 
288 l 10*228357 
2984 10*228271 
30 86 10*228185 

1 3 10*228099 

2 6 10*228013 

3 9 10*227927 
4 n 10*227841 

6 14 10*^27755 

6 17 101227669 

7 20 io ~227583 
823 10*227497 
926 10*227411 

10 29 10*227325 

11 32 10*227239 

12 34 10*227153 
1337 10*227067 
1440 10*226982 
1543 10*226896 
1646 10*226810 
1749 10*2126724 

18 51 10*226639 

19 54 10*226553 
2057 10*226467 
21 60 10*226382 
2263 10*226296 
23 66 10*226211 
2469 10*226125 
25 72 10*226040 
2674 10*225954 

27 77 10*225869 

28 80 10*225783 
2983 10*225698 
30 86 10*225612 

Parts Secant 


Ta ngent Parts Cotang. 
9*861261 10*138739 

9*861394 l" 4 10*138606 
9*861527 2 9 10*138473 

9*861659 3 13 10*138341 

9*861792 4 18 10*138208 

9*861925 5 22l^o*i38o75 

9*862058 6 27 10*137942 

9*862191 7 31 10*137809 

9*862323 8 35 10*137677 

9*862456 9 40 10*137544 


9*862589 10 44 10*137411 
9*862721 11 49 10*137279 
9*862854 12 53 10*137146 
9*862987 13 57 10*137013 
9*863119 14 62 10*136881 
9*863252 15 66 10*136748 
9*863385 16 71 10*136615 
9*863517 17 75 10*136483 
9*863650 18 80 10*136350 
9*863783 19 84 10*136217 
9*863915 20 88 10*136085 
9*864048 21 93 10*135952 
9*864180 22 97 10*135820 
9*864313 23 102 10*135687 
9*864445 24 106 10*135555 
9*864578 25 no 10*135422 
9*864710 26 115 10*135290 
9*864843 27 119 10*135157 
9*864975 28 124 10*135025 
9*865108 29 128 10*134892 
9*865240 30 133 10*134760 


9*865373 

9*865505 

9*865638 

9*865770 

9*865903 

9*866035 

9*866167 

9*866300 

9*866432 


1 4 10*134627 

2 9 10*134495 

3 13 10-134362 

4 18 10*134230 

6 22 10*134097 

6 26 10*133065 

7 31 10*133833 

8 35 10*133700 

9 40 10*133568 


9*866564 10 44 10*133436 
9*866697 11 49 10*133303 

9*866829 12 53 10*133171 
9*866961 13 57 10*133039 
9*867094 14 62 10*132906 
9*867226 15 66 10*132774 
9-867358 16 71 10*132642 
9*867491 17 75 10*132509 

9-867623 18 79 10*132377 
9-867755 19 84 10-132245 
9*867887 20 88 10*132113 
9^*868019 21 93 10*131981 

9-86S152 22 97 10*131848 
9-868284 23 101 10*131716 
9*868416 24 106 10*131584 
9*868548 25 no 10*131452 
9*868680 26 115 10*131320 
9*868813 27 119 10*131187 
9*868945 28 123 10*131055 
9*869077 29 128 10*130923 
9*869299 30 132 10*136791 

Cotang. Parts Tangent 


I 10*092042 
' 10*092088 
10*092134 
10*092180 
10*092226 
10*092272 
10*092318 
10*092364 
10*092410 
10*092456 
10*092502 
10*092548 
10*092594 
10*092640 
10*092686 
10*092732 
10*092778 
10*092825 
10*092871 

fo*0929i7 

10*092963 

10*093009 

10*093055 

10*093102 

10*093148 

10*093194 

10*093240 

10*093287 

10*093333 

10*093379 

10*093425 

10*093472 

10*093518 

10*093564 

10*093611 

10*093657 

10*093704 

10*093750 

10*093796 

10*093843 

10*093889 

10*093936 

10*093982 

10*094029 

10*094075 

10*094122 

10*094168 

10*094215 

10*094261 

10*094308 

10*094355 

10*094401 

10*094448 

10*094494 

10*094541 

10*094588 

10*094634 

10*094681 

10*094728 

10*094775 

10*094821 

Cusec. 


Parts Cosine 

9*907958 

1 2 9*907912 

2 3 9*907866 

3 5 9*907820 

4 6 9*907774 

5 8 9*907728 

6 9 9*907682 

7 II 9*907636 

8 la 9*907590 

9 14 9*907544 

10 15 9*907498 

11 17 9*907452 

12 18 9*907406 

13 20 9*907360 
1421 9*907314 
1523 9*907268 
1625 9*907222 

17 26 9*907175 
I828 9*907129 
1929 9*907083 

20 31 9*907037 

21 32 9*906991 
2234 9*906945 

23 35 9*906898 

24 37 9*906852 
2638 9*906806 
2640 9*906760 

2741 9*906713 
2843 9*906667 
2945 9*906621 
30 46 9*906575 ; 

1 2 9*906528 

2 3 9-906482 

3 5 9*906436 

4 6 9*906389 
6 8 9*906343 

6 9 9*906296 

7 II 9*906250 

8 12 9*906204 

9 14 9*9o6i57 

10 15 9*9061 1 1 

11 17 9*906064 

12 19 9*906018 

13 20 9*905971 

14 22 9*905925 

15 23 9*905878 
1625 9*905832 
1726 9*905785 

18 28 9 905739 
1929 9*905692 
2031 9*905645 

2133 9*905599 

2234 9*905552 

23 36 9*905506 

24 37 9*905459 
25399*905412 
2640 9*905366 

2742 9*905319 

2843 9*905272 
2945 9*905225 
,3046 9*905179 

Parts Sine > 




TABLE 08 


765 


t ft 

m. 

T(r 

0 

30 

2 

31 

4 

30 

6 

3*2 

8 

30 

10 

.33 

12 

30 

14 

34 

16 

30 

18 

35 

20 

30 

2*2 

36 

24 

30 

•26 

37 

28 

30 

30 

38 

32 

30 

34 

33 

36 

30 

38 

40 

40 

30 

4‘2 

41 

44 

30 

46 

42 

48 

30 

50 

43 

52 

30 

54 

44 

56 

30 

58 

45 


30 

2 

46 * 

4 

30 

6 

47 

8 

30 

10 

48 

12 

30 

14 

49 

16 

30 

18 

50 

20 

30 

22 

51 

•24 

30 

26 

52 

28 

30 

30 

53 

3*2 

30 

34 

54 

36 

30 

38 

55 

40 

30 

42 

50 

44 

30 

46 

57 

48 

30 

50 

58 

52 

30 

54 

69 

56 

30 

58 

60 

za 


Sine 

9^774388 

9774473 

9774558 

9*774644 

9774814 

9774899 

9774985 

9*775070 

9775^55 

9775^40 

9775325 

9775410 

9775495 

9775580 

9*775665 

9775750 

9775835 

9*775920 

9*776005 

9*776090 

T776175 

9*776259 

9776344 

9*776429 

9776514 

9*776598 

9776683 

9*776768 

9776852 

9776937 

9*777021 

9777106 

9*777191 

9*777275 

9777359 

9777444 

9*777528 

9777613 

9777697 

9777781 

9777866 

9777950 

9778034 

9778119 

9*778203 

9*778287 

9*778371 

9778455 

9778539 

9778624 

9*778708 

9*778792 

9*778876 

9*778960 

9779044 

9*779128 

9*779211 

9779295 

9779379 

9*779463 


Cosine 


Parts Cosec. 
110*225612 
1" 3 10*225527 

2 6 10*225442 

3 8 10*225356 

4 II 10*225271 

5 14 10*225186 
617 10*225101 
7 20 10*225015 
823 10*224930 
925 10*224845 

1028 10*224760 
11 31 10*224675 
1‘2 34 10*224590 

13 37 10*224505 

14 40 10*22^^420 
1542 10*224335 
1645 10*224250 
1748 10*224165 
18 51 10*224080 
1954 10*223995 

20 57 10*223910 

21 59 10*223825 
2262 10*223741 
2365 10*223656 

24 68 10*223571 
2571 10*223486 

26 74 10*223402 
2776 10*223317 
2879 10*223232 
2982 10*223148 
30 85 10*223063 

1 3 10*222979 

2 6 10*222894 

3 8 10*222809 

4 11 10*222725 

5 14 10*222641 

6 17 10*222556 

7 20 10*222472 
822 10*222387 
925 10*222303 

1028 10*222219 

11 31 10*222134 

12 34 10*222050 

13 37 10*221966 
1440 xo*22i88i 
1542 10*221797 
1645 10*221713 
1748 10*221629 
18 51 10*221545 
1953 10*221461 

20 56 10*221376 

21 59 10*221292 
2262 10*22 1208 
2365 10*221124 
2467 10*221040 

25 70 10*220956 
2673 10*220872 

27 76 10*220789 
2879 10*2.^0705 
2981 10*220621 
3084 10*220537 


Parts Secant 


LOG. SINES. COSINES, &c. 
I Taneent I Parts ! Cotan?. I 


Tangent 

9*869209 

9*869341 

9*869473 

9*869605 

9*869737 

9-8698691 

9*870001 

9*870133 

9*870265 

9*870397 

9*870529 

9*870661 

9*870793 

9*870925 

9*871057 

9*871189 

9*871321 

9*871453 

9*871585 

9*871717 

9*871849 

9*871980 

9-872112 

9*872244 

9*872376 

9*872508 

9*872640 

9*872771 

9*872903 

9*873035 

9 ‘ 87 3»67 

9*873299 

9*873430 

9*873562 

9-873694 

9*873825 

9*873957 

9*874089 

9*874220 

9*874352 

9*8744 84 1 
9*874615 1 
9*874747 ] 

9*874879 1 

9*875010 1 
9-875142 ] 

9*875273 

9*875405 

9*875537 

9*875668 

9*875800 

9 875931 
9*876063 

9*876194 

9*876326 

9*876457 

9'876589 

9*876720 

9*876852 

9*876983 

9*877114 

Cotang. 


Cotang. 

Secant 

10*130791 

10*094821 

10*130659 

10*094868 

10*130527 

10*094915 

lo* 130395 

10*094962 

10*130263 

q 

q 

(.ri 

0 

0 

00 

10*130131 

10*095055 

10*129999 

10*095102 

10*129867 

10*095149 

10-129735 

10*095196 

10*129603 

10*095243 

10*129471 

10*095289 

10 *I 2 Q'?'?q 

10*095336 

10*129207 

10*095383 

10*129075 

10*095430 

10*128943 

10*095477 

lO* 128811 

10*095524 

10*128679 

10*095571 

10*128547 

10*095618 

10*128415 

10*095665 

10*128283 

10-095712 

10*128151 

10*095759 

lo* 128020 

10*095806 

10*127888 

10*095853 

10*127756 

10*09 

10*127624 

10*095947 

10*127492 

10*095994 

10*127360 

10*096041 

10*127229 

10*096088 

10*127097 

10*096136 

10*126965 

10*096183 

10*126833 

10*096230 

10*126701 

io*o962**7 

10*126570 

10*096324 

10*126438 

10*096371 

10*126306 

10*096419 

10*126175 

10*096466 

10*126043 

10*096513 

10*125911 

10*096560 

10*125780 

10*096608 

10*125648 

10*096655 

10*125516 

10*096702 

10*125385 

10*09675^ 

10*125253 

10*096797 

10*125121 

10*096844 

10*124990 

10*096892 

10*124858 

10*096939 

10*124727 

10*096986 

10*124595 

10*097034 

10*124463 

10*097081 

10*124332 

10*097129 

10*124200 

10*097176 

10*124069 

10*097224 

10*123937 

10*097271 

10*123806 

10*097319 

10*123674 

10*097366 

10*123543 

10*097414 

10*123411 

10*097461 ' 

10*123280 

10*097509 ' 

10*123148 

10*097556 ' 

10*123017 

10*097604 

10*122886 

10*097651 

Tangent 

Cosec. 


Parts Cosine ’T* 

" 9*9051^ ^ 

l"2 9*905132 68 

2 3 9*905085 50 

3 5 9*905038 54 

4 6 9*904992 5-2 

5 8 9*904945 60 

6 9 9*904898 48 
I 7 1 1 9*904851 40 
I 813 9*904804 44 

9 14 9*904757 ‘»*-2 
I 10 16 9*904711 40 
I 11 17 9*904664 38 
, 12 19 9*904617 36 
> 13 20 9*904570 34 
14 22 9*904523 32 
. 1524 9*904476 30 

1625 9*904429 28 
1727 9*904382 26 

18 28 9 904335 

19 30 9*904288 22 
2031 9*904241 20 

21 33 9*904194 18 

22 34 9*904147 10 

23 36 9*904100 14 
2438 9*904053 12 

39 9*904006 10 
2641 9*903959 8 

2742 9*903912 6 

2844 9*903864 4 

2946 9*903817 2 

' ^^ 4 ? 9*903770 33 

“T 9*9037^3 

2 3 9*903676 56 

3 5 9*903629 54 

4 6 9*903581 52 

5 8 9*903534 50 

6 9 9*903487 48 

7 11 9*903440 46 
8 13 9*903392 44 

9149*903545 * 4 *^ 

10 16 9*903298 40 

11 17 9*903250 38 

12 19 9*903203 30 

13 21 9*903156 34 

14 22 9*903108 32 

1524 9*903061 30 

1625 9*903014 28 
1727 9*902966 20 
18 28 9*902919 *24 
1930 9*902871 22 

20 32 9*902824 20 

21 33 9*902776 18 
2235 9*902729 16 

23 36 9*902681 14 

24 38 9*902634 12 

25 39 9*902586 10 

2641 9*902539 8 

2743 9*902491 6 

2844 9*901444 4 

2946 9*902396 2 

3047 9*90^349 0 


Parts 






TABLE 68 


'it>b 


LOG. SINES, COSINES, &c. 


r 


28'" 




37° 







m 

In 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m 


0 

u 

9*779463 


10-220537 

9*877114 


10*122886 

10*097651 


9-902349 

32 

GO 

30 

2 

9779547 

l "3 

10-220453 

9-877246 

1" 4 

10*122754 

10*097699 

1''2 

9*902301 

58 

30 

1 

4 

977963* 

2 6 

10*220369 

9'277377 

2 9 

10-122623 

10-097747 

2 3 

9*902253 

56 

59 

30 

6 

9 ' 7797 H 

3 8 

10*220286 

9-877509 

3 13 

lo* 12249 1 

10*097794 

3 5 

9*902206 

54 

30 

2 

8 

9-779798 

4 11 

10*220202 

9*877640 

4 17 

10-122360 

10-097842 

4 6 

9-902158 

52 

58 

30 

10 

9779882 

5 14 

10*220118 

9-877771 

5 2€ 

« 10-122229 

10*097890 

5 8 

9-902110 

50 

30 

:t 

12 

9-779966 

617 

10-220034 

9-877903 

6 26 

10*122097 

10-097937 

6 10 

9*902063 

48 

57 

30 

M 

9-78004.9 

7 19 

10*219951 

9-878034 

7 31 

10*121966 

10*097985 

7 II 

9-902015 

46 

30 

4 

16 

9-780133 

822 

10*219867 

9*878165 

8 35 

10*121835 

10-098033 

813 

9-901967 

44 

5 « 

30 

18 

9-780216 

925 

10-219784 

9-878297 

9 39 

10*121703 

10*098080 

914 

9*901920 

42 

30 

5 

20 

9-780300 

1028 

10*219700 

9-878428 

10 44 

10*121572 

10*098128 

10 16 

9*901872 

40 

55 

30 

22 

9-780384 

11 31 

10*2:9616 

9*878559 

11 48 

10-121441 

10*098176 

11 18 

9-901824 

38 

.30 

i > 

21 

9-780467 

1234 

10*219533 

9-878691 

12 52 

10*121309 

10*098224 

12 19 

9*901776 

30 

54 

30 

26 

9-780551 

13 36 

10-219449 

9-878822 

13 57 

10*121178 

10-098271 

1321 

9*901729 

34 

30 

7 

2.8 

9-780634 

14 39 

10-219366 

9*878953 

14 61 

10*121047 

10*0983 19 

14 22 

9-901681 

32 

58 

30 

30 

9-780718 

1542 

10*219282 

9-879085 

15 66 

10*120915 

10*098367 

1524 

9-901633 

30 

30 

8 

32 

9-780801 

1645 

10*219199 

9*879216 

16 70 

10*120784 

10-098415 

1625 

9*901585 

2.S 

52 

30 

34 

9-780884 

1747 

io-219ii6 

9*879347 

17 74 

10*120653 

10-098463 

1727 

9-901537 

20 

30 

9 

36 

9-780968 

18 50 

10*219032 

9*879478 

18 79 

10*120522 

10*098510 

18 29. 

9*901490 

-24 

51 

30 

38 

9*781051 

1953 

10*218949 

9-879609 

19 83 

10-120391 

10-098558 

19 30 

9-901442 

•22 

30 

10 

40 

9-781134 

20 56 

10-218866 

9*879741 

20 87 

10*120259 

10*098606 

20 32 

9-901394 

•20 

.50 

30 

42 

9-781218 

21 58 

10-218782 

9-879872 

21 92 

10-120128 

10*098654 

21 33 

9-901346 

18 

3 (» 

11 

44 

9-781301 

2261 

10-218699 

9-8S0003 

22 96 

10*119997 

10-098702 

2235 

9*901298 

10 

49 

30 

46 

9-781384 

23 64 

10*218616 

9-880134 

23 101 

10*119866 

10*098750 

2337 

9*901250 

14 

.30 

12 

48 

9*781468 

24 67 

10-218532 

9-880265 

24 105 

10*119735 

10-098798 

24 38 

9*901202 

1-2 

48 

30 

50 

9-781551 

25 70 

10-218449 

9*880397 

25 109 

10*119603 

10-098846 

25 40 

9-901154 

10 

30 

13 

52 

9-781634 

2673 

10-218366 

9*880528 

26 114 

10*119472 

10-098894 

2641 

9*901106 

8 

47 

30 

54 

9-781717 

2775 

10-218283 

9*880659 

27 118 

10*119341 

10*098942 

2743 

9*901058 

6 

30 

14 

56 

9*781800 

2878 

10*218200 

9*880790 

28 122 

10*119210 

10*098990 

28 45 

9-901010 

4 

4 G 

30 

58 

9*781883 

2981 

10*218117 

9*880921 

29 127 

10*119079 

10*099038 

2946 

9*900962 

2 

30 

15 

29 

9-781966 

3083 

10*218034 

9-881052 

30 131 

10*118948 

10*099086 

:i0 48 

9*900914 

31 

45 

30 

2 

1 9*782049 

1 3 

10*217951 

9*881183 

1 4 

10*1 18817 

10-099134 

1 2 

9*900866 

58 

30 

16 

4 

1 9-782132 

2 6 

10*217868 

9-881314 

2 9 

10*118686 

10*099182 

2 3 

9-900818 

50 

44 

30 

6 

9-782215 

3 8 

10*217785 

9*881445 

3 ,3 

10-118555 

10*099230 

3 5 

9900770 

54 

30 

17 

8 

9-782298 

4 II 

10-217702 

9-881577 

4 17 

10*118423 

10*099278 

4 6 

9*900722 

52 

48 

30 

10 

9-782381 

5 14 

10-217619 

9-881708 

5 22 

lO- I 18292 

10-099326 

5 8 

9*900674 

50 

30 

18 

12 

9-782464 

6 17 

10*217536 

9*881839 

6 26 

IO-TI8I6I 

10*099374 

6 10 

9-900626 

48 

42 

30 

14 

9-782547 

7 19 

10-217453 

9-881970 

7 31 

10*118030 

10*099422 

7 II 

9-900578 

40 

31 ) 

19 

10 

9-782630 

8 22 

10-217370 

9*882101 

8 35 

10-117899 

10-099471 

813 

9-900529 

44 

41 

30 

18 

9-782713 

925 

10-217287 

9*882232 

9 39 

10-117768 

10*099519 

9 14 

9-900481 

4*2 

30 

20 

20 

9-782796 

1028 

10-217204 

9-882363 

10 44 

10*117637 

10*099567 

10 16 

9-900433 

1 40 

40 

30 

22 

9-782879 

30 » 

10-217121 

9-882494 

11 48 

10*117506 

10*099615 

11 18 

9-900385 

38 

30 

21 

24 

9*782961 

1233 

10*217039 

9*882625 

12 52 

10-117375 

10-099663 

12 19 

9-900337 

30 

8!) 

30 

26 

9*783044 

13 36 

10*216956 

9-882756 

13 57 

10-1 17244 

10-099711 

1321 

9-900289 

34 

30 

22 

28 

9-783127 

1439 

10*216873 

9*882887 

14 61 

10*1 171 I 3 

10*099760 

14 23 

9*900240 

.’12 

8 « 

30 

30 

9*783210 

15 41 

10*216790 

9*883018 

15 65 

10*116982 

10*099808 

15 24 

9-900192 

.30 

30 

23 

32 

9*783292 

1644 

10*216708 

9*883148 

16 70 

10*1x6852 

10-099856 

1626 

9*900144 

28 

37 

30 

34 

9*783375 

1747 

10*216625 

9-883279 

17 74 

10*116721 

10*099904 

17 27 

9*900096 

•20 

30 

24 

36 

9-783458 

18 50 

10*216542 

9-883410 ; 

18 78 

10*116590 

10-099953 

18 29 

9-900047 

•21 

8fi 

30 

38 

9*783540 

19 52 

10-216460 

9*883541 1 

19 83 

10*1 16459 

10*100001 

1931 ' 

9*899999 

22 

30 

25 

40 

9*783623 

2055 

10-216377 

9*883672 

20 87 

10-116328 

10*100049 

20 32 

9-899951 

20 

85 

30 

42 

9-783705 

21 58 

10-216295 

9-883803 

21 92 

10*116197 

lO- 100098 

21 34 

9*899902 

18 

30 

26 

44 

9*783788 

2261 

10*216212 

9-883934 

22 96 

10*116066 

10*100146 

2235 

9*899854 

16 

84 

30 

46 

9*783870 

23 63 : 

10*216130 

9-884065 

23 100 : 

10*115935 

ro* 100194 

2337 

9-899806 

14 

30 

27 

48 

9*783953 

24 66 ] 

10-216047 

9*884196 

24 105 ; 

10-115804 

10-100Z43 

2439 

9-899757 

12 

38 

30 

50 

9*784035 

2569 : 

[0*215965 

9-884326 

25 109 : 

10*115674 

[0*100291 

25 40 

9-899709 

10 

30 

28 

52 

9*784118 

2672 

10*215882 

9*884457 

26 113 

10*115543 

10*100340 

2642 

9*899660 

8 

32 

30 

54 

9* 78420* 

27 74 

10*215800 

9*884588 

27 1 18 

10*115412 

10-100388 

2743 

9-899612 

6 

30 

29 

66 

9-784282 

2877 

10*215718 

9*884719 

28 122 

10*115281 

10-100436 

28 45 

9-899564 

4 

31 

30 

58 

9*784365 

2980 

10*215635 

9*884850 

29 126 

10*115 150 

10*100485 

2947 

51*899515 

2 

30 

‘M J 


9*784447 

3083 

10*215553 

9*884980 

30 13 1 

10*115020 

10*100533 

3048 

9*899467 

0 

30 

f n 

m. 

i. 

Cosine 

Part^ 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

/ // 


52 ° S'- SO"" 







TABLE 68 


767 


LOG. SINES, COSINES, &c. 


37 ° 


/ // 

m. 

»• 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

% 

/ // 

30 

0 

9*784447 


10-215553 

9*884980 



10*115020 

10* 100533 


9*899467 

30 

30 

30 

2 

9784529 

1"3 

10-215471 

9*885111 

\" 

4 

10*114889 

10*100582 

l"2 

9*899418 

ss 

30 

31 

4 

9784612 

5 

10-215388 

9*885242 

2 

9 

10*114758 

10*100630 

2 3 

9*899370 

50 

20 

30 

6 

9784694 

3 8 

10*215306 

9*885373 

3 

13 

10*114627 

10*100679 

3 5 

9*899321 

54 

30 

32 

5 

9784776 

4 II 

10-215224 

9*885504 

4 

17 

10* 1 14496 

10* 100727 

4 6 

9*899273 

5-2 

28 

30 

10 

9784858 

5 14 

10-215142 

9*885634 


22 

10*114366 

10*100776 

5 8 

9*899224 

50 

30 

33 

12 

9784941 

6 16 

10-21 5o<;9 

9*885765 

6 

26 

io*ii 423 S 

10*100824 

6 10 

9*899176 

48 

27 

30 

14 

9785023 

7 19 

10-214977 

9*885896 

7 

30 

10*114104 

10* 100873 

7 11 

9*899127 

40 

30 

31 

16 

9785105 

822 

10*214895 

9*886026 

8 

35 

10*113974 

10*100922 

813 

9*899078 

44 

20 

30 

18 

9785187 

9 25 

10*214813 

9*886157 

9 

39 

10*113843 

10*100970 


9*899030 

42 

30 

35 

20 

9785269 

10 27 

10*214731 

9*886288 

10 

43 

10*113712 

10*101019 

10 16 

9*898981 

40 

26 

30 

22 

9*785351 

11 30 

10*214649 

9*886419 

11 

48 

10*113581 

10*101067 

11 18 

9*898933 

38 

30 

36 

24 

9*785433 

1233 

10*214567 

9*886549 

12 

5 ^ 

10*113451 

10*101116 

12 19 

9*898884 

30 

24 

30 

26 

9-785515 

13 36 

10*21448 <; 

9*886680 

13 

57 

10*113320 

10*101 165 

13 21 

9-898835 

34 

30 

37 

28 

9*785597 

1439 

10-21440'? 

9*8868ii 

14 

61 

10*113 i8q 

10*101213 

14 23 

9*898787 

32 

23 

30 

30 

9785679 

1541 

10*214321 

9*886941 

15 

65 

10*113059 

10*101262 

15 24 

9*898738 

30 

30 

38 

32 

9785761 

16 44 

10*214239 

9*887072 

16 

70 

10*112928 

10*101311 

1626 

9-898689 

28 

22 

30 

34 

9*785843 

1747 

10*2141 57 

9*887202 

17 

74 

10*112798 

io*ioi 3 <:o 

17 28 

9*898641 

*20 

30 

39 

36 

9785925 

1849 

10*214075 

9*887333 

18 

7 « 

10*112667 

10*101408 

I829 

9*898592 

*24 

21 

30 

38 

9786007 

19 52 

10*213093 

9*887464 

19 

83 

10*112536 

10*101457 

1931 

9*898543 

2-2 

30 

40 

40 

9786089 

2055 

10*21391 1 

9*887594 

20 

87 

10*1 12406 

io*'ioi 506 

20 32 

9-898494 

20 

20 

30 

42 

97861^0 

21 57 

10*21 3830 

9*887725 

21 

9 * 

10*1 1227 5 

10*101554 

21 34 

9*898446 

18 

30 

41 

44 

9786252 

22 60 

10*213748 

9*887855 

22 

96 

10*112145 

10*101603 

2236 

9-898397 

16 

10 

30 

46 

9*786334 

2363 

10*213666 

9*887986 

23 

100 

10*112014 

10*101652 

2337 

9898348 

14 

30 

42 

48 

9786416 

24 66 

10*213384 

9*888116 

24 

104 

10*111884 

10*101701 

2439 

9*898299 

12 

18 

30 

50 

9786497 

25 68 

10*213503 

9*888247 

25 

109 

10*111753 

10*101750 

2541 

9*898250 

10 

30 

43 

52 

9786579 

26 71 

10*213421 

9*888378 

26 

”3 

10*11 1622 

10*101798 

26 42 

9-898202 

8 

17 

30 

54 

9786661 

27 74 

10*213339 

9*888508 

27 117 

10*111492 

10*101847 

27 44 

9*898153 

6 

30 

44 

56 

9786742 

28 77 

10*213258 

9*888639 

28 

122 

10*111361 

10*101896 

28 46 

9*898104 

4 

10 

30 

58 

9786824 

29 80 

10*213176 

9*888769 

29 126 

10*111231 

10*101945 

2947 

9-898055 

2 

33 

45 

31 

9786906 

30 82 

10*213094 

9*888900 

30 130 

ro'iiiioo 

10* IOI994 

3048 

9*898006 

29 

16 

30 

2 

9786987 

1 3 

10*213013 

9*889030 

1 

4 

10*110970 

10*102043 

1 2 

9-897957 

58 

31 

46 

4 

9787069 

2 5 

10*212931 

9*889161 

2 

9 

10*1 10839 

10*102092 

2 3 

9*897908 

50 

14 

an 

6 

9787150 

3 8 

10*212850 

9*889291 

3 

»3 

10*110709 

10*102141 

3 5 

9-897859 

54 

30 

47 

8 

9787232 

4 11 

10*212768 

9*889421 

4 

*7 

10*110579 

10*102190 

4 7 

9-897810 

52 

13 

30 

10 

9787313 

5 14 

10*212687 

9*889552 

5 

22 

lO' 1 10448 

10*102239 

5 8 

9-897761 

50 

30 

48 

12 

9787395 

6 16 

10*212605 

9*889682 

6 

26 

10*110318 

10*102288 

6 10 

9*897712 

48 

12 

30 

14 

9*787476 

7 19 

10*212524 

9*889813 

7 

30 

10*110187 

10*102337 

7 11 

9-897663 

40 

30 

49 

16 

9*787557 

8 22 

10*212443 

9*889943 

8 

35 

10*110057 

10*102386 

813 

9-897614 

44 

11 

30 

18 

9787639 

9 24 

10*212361 

9*890074 

9 

39 

10*109926 

10*102435 

9*5 

9-897565 

42 

30 

50 

20 

9787720 

10 27 

10*212280 

9*890204 

10 

43 

10*109796 

lO* 102484 

10 16 

9-897516 

40 

10 

30 

22 

9787801 

11 30 

10*212199 

9*890334 

11 

48 

10*109666 

10*102533 

n 18 

9-897467 

38 

30 

51 

24 

9*787883 

1233 

10*2121 17 

9*890465 

12 

52 

10*109535 

10-102582 

12 20 

9-897418 

30 

0 

30 

26 

9787964 

1335 

10*212036 

9*890595 

13 

56 

10*109405 

10*102631 

1321 

9-897369 

34 

30 

52 

28 

9788045 

14 38 

10*21 1955 

9*890725 

14 

bi 

10-109275 

10*102680 

14 23 

9*897320 

32 

8 

30 

30 

9788127 

1541 

10*211873 

9*890856 

15 

65 

10*109144 

lO* 102729 

15 25 

9*897271 

30 

30 , 

53 

32 

9788208 

1643 

10*211792 

9*890986 

16 

69 

10*109014 

lO* 102778 

16 26 

9*897222 

•28 

7 

30 

34 

9788289 

1746 

10*211711 

9*891116 

17 

74 

10*108884 

10*102828 

1728 

9-897172 

26 

30 

54 

36 

9788370 

18 49 

10*21 1630 

9*891247 

18 

78 

10*108753 

10*102877 

1829 

9-897123 

24 

6 

30 

38 

9788451 

1951 

io*'..ii549 

9*891377 

19 

82 

10*108623 

10*102926 

1931 

9-897074 

22 

30 

55 

40 

9788532 

2054 

10*211468 

9*891507 

20 

87 

10*108493 

10*102975 

2033 

9*897025 

20 

5 

30 

42 

9788613 

21 57 

10*211387 

9*891638 

21 

9 * 

lO’ 108362 

10*103024 

21 34 

9-896976 

18 

30 

56 

41 

9788694 

22 60 

10*211306 

9*891768 

22 

95 

10*108232 

10*103074 

2236 

9*896926 

10 

4 

30 

46 

9788775 

2362 

10*211225 

9*891898 

23 

100 

10*108102 

10*103123 

23 38 

9*896877 

14 

30 

57 

48 

978S856 

2465 

10*211144 

9*892028 

24 

104 

10*107972 

10*103172 

2439 

9*896828 

12 

3 

30 

50 

9788937 

25 68 

10*211063 

9*892159 

125 108 

10*107841 

10*103221 

2541 

9*896779 

10 

30 

58 

52 

9789018 

26 71 

10*210982 

9*892289 

26 

”3 

10*107711 

10*103271 

26 42 

9*896729 

8 

2 

30 

54 

9789099 

2773 

10*210901 i 

9*892419 

27 

117 

10*107581 

10*103320 

2744 

9*896680 

6 

30 

59 1 

56 

9789180 

28 76 

0 

« 

00 

0 

cl 

b 

9*892549 

28 

122 

10*107451 

10*103369 

2846 

9*896631 

4 

] 

30 

58 

9789261 

2979 

10*210739 

9*892680 

29 iii 6 

lO* 107320 

10*103419 

2948 

9*806581 

2 

3 C 

fio * 

32 

9789342 

30 81 

10*210658 

9*892810 

30 

130 

10*107190 

10*103468 

30 49 

9*896532 

0 

0 

/ // 

m. 

t. 

Cosine 

Parts 

Secant 

Cotang. 

j Parts 

Tangent 

Cosec. 
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Sine 

m. 

f ft 


3J2° 3'* L^S'n 
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TABLE 68 


LOG. SINES, COSINES, &c. 


2 “ SS° 


/ // 

™*| Sine Parts Cosec. Tangent Parts Cotang. Secant Parts Cosine 

m. 

a 

/ // 

0 

0 9‘78934z 10-110658 9*891810 10*107190 10*103468 9*^9653^ 

28 

60 

30 

2 9*78942^ PV3 I 0 * 1 I 0<:77 9’892940 4 10*107060 lO*IO ‘?517 l" 2 9-89648-; 

58 

30 

1 

4 9*789^04 2 s 10*110496 9’89 -;o70 2 9 10*1069^0 io*iO ‘;<;67 2 ^ 9-8964 

56 

5 U 

30 

6 9*789584 3 8 10*110416 9-893100 3 13 10*106800 10*103616 3 5 9*896384 

64 

30 

2 

8 9-789665 4 II io-iio ;‘;5 9*893331 4 17 10*106669 ic*io ‘;665 4 7 ^*896^^5 

5-2 

58 

30 

10 9*789746 513 10*110154 9*893461 5 2^ 10*106539 10*103715 5 8 9*896185 

50 

30 

3 

12 9*789827 616 10*110173 9*893591 6 16 10*106409 10*103764 610 9*896236 

48 

57 

30 

14 9*789907 7 19 10*110093 9*893721 7 30 10*106179 10*103814 7 12 9*896186 

46 

30 

4 

10 9*789988 811 10*110012 9*893851 8 35 10*106149 10*103863 813 9*896137 

44 

50 

30 

18 9*790069 914 10*109931 9*893981 9 39 10*106019 10*103913 915 9*896087 

42 

30 

5 

20 9'79oi49 IO17 10*109851 9-894111 10 43 10*105889 10*103962 10 16 9*896038 

40 

55 

30 

22 9-790230 II19 10*109770 9*894241 11 48 10*105759 10*104011 11 18 9*895988 

38 

•30 

6 

24 9*790310 1232 10*209690 9*894372 12 51 10*105628 10-104061 1210 9*89‘;939 

36 

54 

30 

2fl 9*790391 13 3''5 10*109609 9*894^01 13 56 10*105498 10-104111 13 21 9*895889 

34 

30 

7 

28 9*790471 *437 10*209529 9*894631 14 61 10*105368 10*104160 1413 9*895840 

32 

63 

30 

30 9*790551 1540 10*109448 9*894761 15 65 10*105238 10*104210 1615 9 ‘^ 9 S 79 o 

30 

30 

8 

32 9*790631 1643 10*209368 9*894892 16 69 10*105108 10*104159 16 16 9*89^741 

28 

52 

30 

34 9*790713 1746 10*209287 9*895021 17 74 10*104978 10*104309 1728 9*895691 

26 

30 

9 

36 9*790793 1848 10*209107 9'89<;i52 18 78 10*104848 10*104359 18 30 9*895641 

24 

51 

30 

38 9*790874 1951 10*209126 9*895281 19 81 10*104718 10*104408 1931 9*895592 

22 

3 » 

10 

40 9*790954 2054 10*109046 9*895411 20 87 10*104588 10*104458 2033 9*895542 

20 

&0 

30 

4*1 0*791034 2156 10*208966 9*895542 21 91 10*104458 10-104507 2135 9*895493 

18 

30 

11 

44 Q‘79III5 2259 10*208885 9*89^671 22 95 10*104328 10*104557 2236 9^895443 

16 

49 

30 

46 9*791195 2362 10*108805 9*895802 23 100 10*104198 10*104607 2338 9*895393 

14 

30 

12 

48 9*791275 2465 10*208725 9*895931 24 104 10-104068 10*104657 2440 9*895343 

12 

48 

30 

50 9*791356 2567 10*108644 9*896061 25 108 10*103938 10*104706 2541 9*895194 

10 

3 r) 

18 

52 9*791436 2670 10*208564 9*896191 26 113 10*103808 10*104756 2643 9*895144 

B 

47 

30 

54 9*791516 2772 10*208484 9*8963ii 27 117 10*103678 10*104806 2745 9 *^ 95^94 

6 

30 

u 

50 9*791596 2875 10108404 9’896452 28 111 10*103548 10*104855 9*895145 

4 

46 

30 

58 9*791676 2978 10*208314 9*896582 29116 10*103418 10*104905 2948 9*895095 

2 

3 n 

15 

33 9 * 79'757 30 80 10*208243 9*896711 30 130 10*103288 10*104955 5 ° 9*895045 

27 

45 

30 

2 9*791837 1 3 10-208163 9*896842 1 4 10*103158 io io5o«5 1 1 9*894995 

58 

30 

16 

4 9*791917 2 5 .io*io8o83 9 ‘^ 9 ^ 97 * ^ 9 10*103029 10*105055 2 3 9 894945 

56 

44 

30 

6 9*791997 3 8 10*108003 9*897101 3 13 10*101899 10*105104 3 5 9*894896 

54 

30 

17 

8 9*792077 4 II 10*107913 9*897131 4 17 10*102769 10*105154 4 7 9-894846 

52 

43 

30 

10 9*792157 613 10-207843 9*897361 5 11 10*101639 10*105104 5 8 9*894796 

50 

' 30 

18 

12 9*792137 616 10*107763 9*897491 6 16 10*101509 10*105254 610 9*894746 

48 

42 

30 

14 9*792317 719 10*207683 9*897611 7 30 io'ioi379 10105304 7129*894696 

46 

30 

19 

16 9*792397 821 10*107603 9*897751 8 35 10*101249 10*105354 813 9*894646 

44 

41 

30 

18 9*792477 924 10*107513 9*897881 9 39 10*101119 10*105404 915 9*894596 

i 42 

30 

20 

*20 9*792557 IO27 io ’^07443 9*898010 10 43 10*101990 10*105454 10 17 9*894546 

40 

40 

30 

22 9*792636 11 30 10*107364 9*898140 11 48 io'ioi86o 10*105504 11 18 9*894496 

38 

30 

21 

*24 9*791716 1232 10*107284 9*898170 12 51 10*101730 10*105554 12 io 9*894446 

36 

39 

30 

26 9*792796 1335 10*207204 9*898400 13 56 io*ioi6oo 10*105604 I 3 ii 9*894396 

34 

30 

22 

28 9*792876 1437 10*207124 9*898530 14 61 10*101470 10*105654 14 i 3 9*894346 

32 

38 

30 

30 9*792956 1540 10*107044 9*898659 15 65 10*101341 10*105704 1625 9*894196 

30 

30 

23 

32 9*793035 1643 10*206965 9*898789 16 69 10*101211 10*105754 1617 9*894246 

28 

37 

30 

34 9*793115 1745 10106885 9*898919 17 74 10*101081 10*105804 17 18 9*894196 

26 

30 

24 

36 9*793195 18 48 10*106805 9*899049 18 78 10-100951 10*105854 1830 9*894146 

24 

36 

30 

38 9*793275 1951 10*106715 9*899178 19 82 10*100812 10*105904 1931 9*894096 

22 

30 

25 

40 9*793354 2053 10*106646 9-899308 20 86 10*100692 10*105954 2033 9*894046 

20 

1 35 

30 

42 9*793434 2156 10*106566 9*899438 21 91 10*100562 10*106004 2135 9*893996 

18 

30 

26 

14 9*793514 2259 10*106486 9*899568 22 95 10*100432 10*106054 2237 9*893946 

16 

34 

30 

46 9*793593 23 61 10*206407 9*899697 23 99 10*100303 io*> 06104 2338 9*8931 ;6 

14 

3(1 

27 

48 9*793673 2464 10*106317 9-899817 24 104 10*100173 10^06154 2440 9*893846 

12 

33 

30 

50 9*793752 2567 10*206248 9*899957 25 108 10*100043 IOF06205 2542 9*893795 

10 

30 

‘i8 

52 9*793831 2669 iO‘io6i68 9*900087 26 III 10*099913 10*106155 2643 9*893745 

8 

32 

30 

54 9*793911 2772 10*206089 9*900216 27 II7 10*099784 10*106305 2745 9*89369^ 

6 

30 

29 

56 9*793991’ 2874 10*206009 9*900346 28 111 10*099654 10-106355 2847 9*893645 

4 

31 

30 

58 . 9*794070 2977 10*105930 9*900475 29115 10*099514 10*106405 2948 9*893595 

2 

30 

30 

34 9794150 30 80 10*105850 9*900605 30 130 io*099'395 10*106456 30 50 9*893544 

Bl 

30 

/ // 

Cosine Parts Secant Cotang. Parts Tangent Cosec. Parts Sine 

s 

f n 


51 ° 


S** 26 *” 



TABLE 68 


709 


LOG. SINES, COSINES. &c. 


ak 34"' .38° 


/ // 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m 

'/ tf 

30 

0 

9*794150 


10*205850 

9*900605 



10*099395 

lo- 106456 


9-^93544 

26 

ao 

30 

2 

9-794229 

^"3 

10-205771 

9*900735 

1' 

4 

10*099265 

10*106506 

1"2 

9*893494 

5 S 

30 

31 

4 

9-794308 

2 5 

10-205692 

Q*qoo 864 

2 

9 

10*099136 

10*106556 

2 ^ 

9-893444 

GO 

2 i ) 

30 

6 

9-794388 

3 8 

10*205612 

9*900994 

3 

13 

10*099006 

10* 106606 

3 5 

9*893394 

54 

30 

32 

8 

9-794467 

4 11 

10-205533 

9*901124 

4 

17 

10*098876 

lo* 106657 

4 7 

9-893343 

52 

28 

30 

10 

9-794546 

6 13 

10-205454 

9-901253 

5 

22 

10*098747 

10*106707 

5 8 

9-893293 

50 

30 

33 

12 

9-794626 

6 16 

10-205374 

9*901383 

6^26 

10*098617 

10*106757 

6 10 

9*893243 

48 

27 

30 

14 

9*79.4705 

719 

I0-205Z95 

9*901513 

7 

30 

10*098487 

io*.ip68o8 

7 12 

9-893192 

40 

30 

34 

16 

9-794784 

821 

10-205216 

9*901642 

8 

35 

10*098 3 'jS 

10*106858 

8,3 

9-893142 

44 

28 

30 

18 

9*79^863 

9 24 

10-205137 

9-901772 

9 

39 

10*098228 

10*106908 

9 is 

9-893092 

42 

30 

35 

20 

9-794942 

1026 

10*205058 

9*901901 

10 

43 

10*098099 

10*106959 

10 17 

9*893041 

40 

25 

30 

22 

9-795022 

11 29 

10*2049^8 

9-902031 

11 

48 

10*097969 

10*107009 

11 ig 

9-892991 

38 

30 

36 

24 

9-795101 

1-2 32 

10*204899 

9-902160 

12 


10*097840 

10*107060 

12 20 

9-892940 

36 

24 

30 

26 

9-795180 

1334 

10*204820 

9*902290 

13 

56 

10*097710 

10*107110 

1.3 22 

9-892890 

34 

30 

37 

28 

9 * 795^59 

1437 

10*204741 

9*902420 

14 

60 

10*097580 

10*107161 

14 24 

9-892839 

32 

23 

30 

30 

9*795338 

1539 

10*204662 

9*902549 

15 

65 

10*097451 

10*107211 

15 25 

9-892789 

30 

30 

38 

32 

9*795417 

1642 

10-204583 

9-902679 

16 

69 

10*097321 

10* 107261 

16 27 

9*892739 

28 

22 

30 

34 

9-795496 

1745 

10*204504 

9-902808 

17 

73 

10*097192 

10*107312 

17 29 

9*892688 

26 

30 

3.9 

36 

9*795575 

I847 

'10*204425 

9-902938 

18 

7^ 

10*097062 

10*107362 

18 30 

9*892638 

24 

21 

30 

38 

9*795654 

19 50 

10*204346 

9-903067 

19 

82 

10*096933 

10*107413 

1932 

9-892587 

22 

30 

40 

40 

9*795733 

2053 

10*204267 

9*903197 

20 

86 

10*096803 

10* 107464 

2034 

9-892536 

20 

20 

30 

42 

9*795812 

21 5 S 

10-204188 

9-903326 

21 


io'c'96674 

10*107514 

21 35 

9-892486 

18 

30 

41 

44 

9-795891 

2258 

10*204109 

9*903456 

22 

95 

10*096544 

10*107565 

2237 

9*892435 

10 

19 

.30 

46 

9-795970 

2360 

10*204030 

9*903585 

23 

99 

10*096415 

10*107615 

2339 

9*892385 

14 

30 

42 

48 

9-796049 

24 63 

10-203951 

9*903714 

24 

104 

10*096286 

10*107666 

2440 

9-892334 

12 

18 

30 

50 

9-796127 

25 66 

10*20387.3 

9*903844 

25 108 

10*096156 

10*107716 

25 42 

9*892284 

10 

30 

43 

52 

9*796206 

26 68 

10-203794 

9*903973 

26 

112 

10*096027 

10*107767 

M44 

9-892233 

8 

17 

30 

54 

9*7^6285 

2771 

10*203715 

9*904103 

27 

117 

10*095897 

10*107818 

2745 

9-892182 

6 

30 

4.1 

56 

9-796364 

28 74 

10*203636 

9-904232 

28 

121 

10*095768 

10*107868 

2847 

9*892132 

4 

16 

30 

58 

9*796443 

2976 

10*203557 

9-904362 

29 125 

10*095638 

10*107919 

2949 

9*892081 

2 

30 

45 

35 

9*796521 

3079 

10.-203479 

9*904491 

30 130 

10*095509 

10-107970 

30 50 

9-892030 

26 

15 

80 

2 

9*796600 

1 3 

10*203400 

9*904620 

1 

4 

10*095380 

10*108020 

1 2 

9-891980 

58 

30 

46 

4 

9-796679 

2 5 

10*203321 

9-904750 

3 

9 

10*095250 

10-108071 

2 3 

9-891929 

50 

14 

30 

6 

9*796757 

3 8 

10*203243 

9*904879 

3 

>3 

10*095121 

10*108122 

3 5 

9-891878 

54 

30 

47 

8 

9-796836 

4 TO 

10-203164 

9-905008 

4 


10*094992 

10-108173 

4 7 

9*891827 

52 

13 

.30 

10 

9-796914 

5 13 

10*203086 

9-905138 

5 

22 

10*094862 

10-108223 

5 8 

9*891777 

50 

30 

48 

12 

9-796993 

6 16 

10*203007 

9-905267 

6 

z6 

10*094733 

10*108274 

6 10 

9*891726 

48 

12 

30 

14 

9-797072 

7 18 

10*202928 

9*905397 

7 

30 

10-094603 

10*108325 

7 12 

9-891675 

46 

30 

49 

16 

9-797150 

821 

ro*20285o 

9-905526 

8 

34 

10-094474 

10*108376 

8 14 

9*891624 

44 

11 

30 

18 

9*797229 

923 

10-202771 

9-905655 

9 

39 

10-094345 

lo* 108427 

915 

9-891573 

42 

30 

50 

20 

9*797307 

10 26 

10*202693 

9*905785 

10 

43 

10*09421 5 

10-108477 

10 17 

9*891523 

40 

10 

30 

22 

9*797386 

11 29 

10*202614 

9-905914 

11 

47 

10094086 

10-108528 

11 19 

9*891472 

.38 

30 

51 

24 

9*797464 

1231 

10-202536 

9*906043 

12 

52 

10*093957 

lO* 108579 

12 20 

9*891421 

30 

9 

30 

20 

9*797542 

1334 

10*202458 

9*906172 

13 

5 ^> 

10-093828 

10-108630 

13 22 

9*891370 

34 

30 

52 

28 

9-797621 

1437 

10*202379 

9*906302 

14 

60 

10*093698 

io-io868i 

14 24 

9-891319 

32 

8 

. 30 

30 

9*797699 

1539 

10*202301 

9-906431 

15 

65 

10*093569 

10*108732 

1525 

9*891268 

30 

30 

53 

32 

. 9-7*97777 

1642 

10*202223 

9*906560 

16 

69 

10*093440 

10*108783 

16 27 

9-891217 

28 

7 

30 

34 

9*797856 

1745 

10*202144 

9*906690 

17 

73 

10*0933 10 

10*108834 

1729 

9*891 166 

•20 

30 

54 

36 

9*797934 

18 47 

10-202066 

9*906819 

18 

7 « 

10*093181 

10* 108885 

18 31 

9*891115 

24 

6 

30 

38 

9*798012 

19 50 

10-201988 

9-906948' 

19 

82 

10*093052 

10*108936 

19 32 

9*891064 

•22 

30 

55 

40 

9*798091 

20 52 

10*201909 

9*907077 

20 

86 

10*092923 

10*108987 

2034 

9*891013 

*20 

5 

30 

42 

9-798169* 

2155 

10-201831 

9*907207 

21 

91 

10*092793 

10*109038 

21 36 

9*890962 

18 

30 

66 

44 

9*798247 

12258 

10-201753 

9-907336 

22 

95 

10*092664 

10*109089 

2237 

9*890911 

16 

4 

30 

46 

9*798325 

23 60 

10*201675 

9*907465 

23 

99 

10*092535 

10*109140 

2.-1 39 

9*890860 

14 

30 

57 

48 

9*798403 

2463 

10*201597 

9*907594 

24 

103 

10-092406 

10*109191 

2441 

9*890809 

12 

3 

30 

50 

9*798482 

2565 

10*201518 

9*907723 

25 108 

10*092277 

10*109242 

2542 

9*890758 

10 

30 

58 

52 

9*798560 

26 68 

1 

0 

b 

9*907853 

2G 

..z 

10*092147 

10*109293 

2644 

9*890707 

8 

2 

30 

54 

9*798638 

*27 70 

10*201362 

9*907982 

27 

II6 

10*092018 

10*109344 

2746 

9*890656 

6 

30 

59 

56 

9*7987*6 

28 73 

10*201284 

9*908111 

28 12 1 

10*091889 

10*109395 

2848 

9*890605 

4 

1 

30 

1 58 

9-798794 

2976 

10*201206 


29 

125 

10*091760 

10*109446 

2949 

9-890554 

2 

30 

60 '' 

36 

9*798872 

3078 

10*201128 

maim 

30 

129 

10*091631 


3051 


0 

0 

m 

m 

Cosine 

Parts 

Secant 


Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

f // 


51° 3i> 24 ™ 
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TABLE 68 


LOG. SINES, COSINES, &c. 


2h 3em 390 


/ n 

m 

B. 

* Sine 

Parts 

Cosec. 

Tangent 

Parts 

1 Cotang. 

Secant 

Parts 

Cosine 

m 

. f If 

0 

0 

9*798872 


10*201128 

9*908369 


110*0916^1 

10*109497 


9*890503 

24 

60 

30 

2 

9*798950 

l "3 

10*201050 

9*908498 

1" 4 

10*091502 

10M09549 


9*890451 

6H 

30 

1 

4 

9*799028 

2 5 

10*200972 

9*908628 

2 9 

10*091 372 

10*109600 

2 3 

9*890400 

5« 

60 

30 

6 

9-799106 

3 8 

10*200894 

9*908757 

3 13 

10*091243 

10*109651 

3 5 

9*890349 

54 

30 

2 

8 

9-799184 

4 10 

10*200816 

9*908886 

4 17 

10*0911 14 

10*109702 

4 7 

9*890298 

5 ‘i 

6« 

* 30 

10 

9*799262 

6 13 

10*200738 

9*909015 

5 21 

10*090985 

10*109753 

6 9 

9*890247 

50 

30 

3 

12 

9‘799339 

616 

10*200661 

9*909144 

6 «6 

10*090856 

10*109805 

6 10 

9*890195 

48 

67 

30 

14 

9-799417 

7 18 

10*200583 

9*909273 

7 30 

10*090727 

10*109856 

7 12 

9*890144 

48 

30 

4 

16 

9*799495 

821 

10*200505 

9*909402 

8 34 

10*090598 

10*109907 

8 14 

9*890093 

44 

66 

30 

18 

9*799573 

923 

10*200427 

9*909531 

9 38 

10*090469 

10*109958 

915 

9*890042 

4*2 

30 

b 

20 

9*799651 

.1026 

10-200349 

9*909660 

10 43 

10*090340 

10*110010 

10 17 

9*889990 

4 U 

56 

30 

22 

9*799728 

1128 

10*200272 

9*909789 

11 47 

10 0902 1 1 

10*110061 

11 19 

9*889939 

38 

30 

6 

24 

9*799806 

1231 

IC-200I94 

9*909918 

12 52 

10*090082 

10-110112 

1221 

9*889888 

36 

64 

30 

26 

9*799884 

1333 

10*200116 

9*910048 

13 56 

10*089952 

10*110164 

13 22 

9*889836 

34 

30 

7 

28 

9*799962 

1436 

10*200038 

9*910177 

14 60 

10*089823 

10*110215 

14 24 

9*889785 

32 

63 

80 

30 

9*800039 

1538 

10*199961 

9*910306 

15 64 

10*089694 

10*110266 

1526 

9*889734 

30 

30 

8 

32 

9*800117 

1641 

10*iqq88^ 

9-910435 

16 69 

10*089565 

10*110318 

16 27 

9*889682 

28 

62 

30 

34 

9*800195 

1744 

10*199805 

9*910564 

»7 73 

10*089436 

10*110369 

17 29 

9*889631 

26 

30 

9 

36 

9*800272 

18 47 

10*199728 

9*910693 

18 77 

10-089307 

10*110421 

I831 

9*889579 

24 

51 

30 

38 

9*800350 

1950 

10*199650 

9*910822 

19 82 

10*089178 

10*110472 

1932 

9*889528 

22 

30 

10 

40 

9*800427 

20 52 

10*199573 

9-910951 

20 86 

10*089049 

10*110523 

2034 

9*889477 

20 

60 

30 

42 

9*800505 

2155 

10*199495 

9*911080 

21 90 

10*088920 

10*110575 

21 36 

9*889425 

18 

30 

11 

44 

9-800582 

2257 

10*199418 

9-911209 

22 95 

10*088791 

10*110626 

22 38 

9*889374 

16 

40 

30 

46 

9*800660 

2360 

10*199340 

9-911338 

23 99 

10*088662 

10*110678 

2339* 

9*889322 

14 

30 

12 

48 

9-800737 

24 62 

10*199263 

9*911467 

24 103 

10*088533 

10*110729 

2441 

9*889271 

12 

48 

30 

60 

9*800815 

2565 

10*199185 

9*911596 

25 107 

10*088404 

10*110781 

2543 

9*889219 

10 

30 

13 

62 

9*800892 

26 67 

10*199108 

9*911725 

26 1 17 . 

10*088275 

10*110832 

2644 

9*889168 

8 

47 

30 

64 

9*800969 

27 70 

10*199031 

9*911853 

27 n6 

10*088147 

10*110884 

2746 

9*889116 

6 

30 

14 

66 

9*801047 

28 73 

10*198953 

9*911982 

28 120 

io*o88oi8 

10*110936 

2848 

9*889064 

4 

46 

30 

68 

9*801124 

2975 

10*198876 

9*912111 

29 125 

10-087889 

10*110987 

29 50 

9*889013 

2 

30 

15 

37 

9*801201 

3078 

10*198799 

9*912240 

30 129 

10*087760 

10*111039 

30 51 

9*888961 

23 

45 

3 ^ 

2 

9*801279 

1 3 

10*198721 

9*912369 

1 4' 

10*087631 

10*111090 

1 2 

9*888910 

58 

n> 

16 

4 

9-801356 

2 5 

10*198644 

9-912498 

2 9 

10*087502 

10*111142 

2 3 

9*888858 

56 

44 

30 

6 

9*801433 

3 8 

10*198567 

9-912627 

3 13 

10*087373 

10*111194 

3 5 

9*888806 

54 

30 

17 

8 

9*801511 

4 10 

10*198489 

9*912756 

4 17 

10*087244 

10*111245 

4 7 

9-888755 

52 

43 

30 

10 

9*801588 

613 

10*198412 

9*912885 

5 21 

10-087115 

10*111297 

6 9 

9*888703 

50 

30 

18 

12 

9*801665 

615 

10*198335 

9*913014 

6 26 

10*086986 

10*111349 

6 10 

9*888651 

48 

42 

30 

14 

9*801742 

7 18 

10*198258 

9*913143 

7 30 

10*086857 

10*111400 

7 12 

9*888600 

46 

30 

19 

16 

9*801819 

8 21 

10*198181 

9*913271 

8 34 

10*086729 

10*111452 

8 14 

9*888548 

44 

41 

30 

18 

9*801896 

923 

10*198104 

9*913400 

9 39 

io*o866oo 

10*111 504 

9 16 

9*888496 

42 

31 ) 

20 

20 

9-801973 

1026 

10*198027 

9*913529 

10 43 

10*086471 

10*111556 

10 17 

9*888444 

40 

40 

30 

22 

9*802051 

11 28 

10*197949 

9*913658 

11 47 

10*086342 

10*111607 

11 19 

9*888393 

38 

30 

21 

24 

9*802128 

1231 

10*197872 

9*913787 

12 51 

10*086213 

10*111659 

1221 

9*888341 

36 

30 

30 

26 

9*802205 

1333 

10*197795 

9*913916 

13 56 

10*086084 

10*111711 

13 22 

9*888289 

34 

3 (» 

22 

28 

9*802282 

14 36 

10*197718 

9*914044 

14 60 

10*085956 

10*111763 

1424 

9*888237 

32 

.38 

30 

30 

9*802359 ■ 

15 38 

10*197641 

9*914173 

15 64 

10*085827 

10*111815 

15 26 

9*888185 

30 

3(1 

23 

32 

9*802436 

1641 

10*197564 

9*914302 

16 69 

10*085698 

10*111866 

1628 

9*888134 

28 

37 

30 

34 

9*802512 

1743 

10*197488 

9*914431 

17 73 

10*085569 

10*11 1918 

17 29 

9*888082 

26 

30 

24 

36 

9*802589 

18 46 

10*197411 

9*914560 

18 77 

10*085440 

10*111970 

183I ^ 

9-888030 

24 

36 

30 

38 

9*802666 

1948 

10*197334 

9*914688 

19 82 

10*085312 

10*112022 

1933 , 

9*887978 

•22 

30 

25 

40 

9-802743 

2051 

10*197257 

9*914817 

20 86 

10*085183 

(0*112074 

2035 ! 

9*887926 

20 

. 3 .> 

30 

42 

9*802820 

21 54 ■ 

10*197180 

9*914946 

21 90 

10*085054 

10*112126 

21 36 < 

5-««7874 

18 

30 

26 

44 

9*802897 

2257 

10*197103 

9*915075 

22 94 

10*084925 

10*112178 

2238 ! 


16 

.34 

30 

46 

9*802974 

2359 

10*197026 

9*915203 

23 99 

10*084797 

10*112230 

2340 ' 

9*887770 

14 

30 

27 

48 

9*803050 

2462 

10*196950 

9*915332 

24 103 

10*084668 

10*112282 

2442 ! 

9*887718 

12 

3.3 

30 

60 

9*803127 

2564 1 

[0*196873 

9*915461 

25 107 

10-084539 

[0*112334 

2543 « 

9*887666 

10 

30 

28 

32 

9*803204 

26 67 ] 

[0*196796 

9*915590 5 

26 112 

10*084410 ] 

[0*112386, 

2645 ‘ 

9*887614 

8 

32 

30 

34 

9*803281 

2769 ] 

[0*196719 

9*915718 ^ 

27 116 

10*084282 ] 

[0*112438 

2747 ‘ 

9*887562 

6 

30 

29 

66 

9*803^57 

2872 ; 

10*196643 

9*915847 t 

28 120 

10*084153 : 

[0*112490 

2848 ( 

9*887510 

4 

31 

30 

68 

9*803434 

2974 ] 

(0*196566 

9*915976 S 

29 124 

10*084024 ] 

10*112542 

2950 < 

9*887458 

2 

30 

30 : 

IB 

9*803511 

3077 ] 

[0*196489 

9*916104 5 

to 129 

10*083896 3 

[0*112594 

30 52 < 

9*887406 

0 

30 

/ // 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m.| 

/// 
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TABLK 68 


/ ff 


m 

30 

31 

30 

32 

30 

33 

30 

34 

30 

35 
30 

36 

30 

37 

30 

38 

30 

39 

30 

40 

30 

41 

30 

42 

30 

43 

30 

44 

30 

45 

30 

46 

30 

47 

30 

48 

30 

49 

30 

50 

30 

51 

30 

52 
30 

53 

30 

54 

30 

55 


LOG. SINES, COSINES, &c. 


2 *’ 38 "* 


39 ° 


m« 

•• 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

0 

9*803511 


10*196489 

9*916104 



10*083896 

10*112594 


2 

9*803587 

1"3 

10*10641^ 

9*916233 

1' 

' 4 

10*083767 

10*112646 

l"2 

4 

9*803664 

2 5 

10*196336 

9*916362 

2 

9 

10*083638 

10*112698 

2 3 

6 

9*803740 

3 8 

10*196260 

9*916491 

3 

13 

10*083510 

10*112750 

3 5 

8 

9*803817 

4 10 

10*196183 

9*916619 

4 

17 

10*083381 

10*112802 

4 7 

10 

9*803893 

5 13 

10* 196107 

9*916748 


21 

10*083252 

10*112854 

5 9 

12 

9*803970 

615 

10*196030 

9*916877 

6 

26 

10*083123 

10*112907 

6 10 

14 

9*804046 

7 18 

10*195954 

9*917005 

7 

30 

10*082995 

I0*ii2q5q 

7 12 

16 

9*804123 

8 20 

10*195877 

9*917134 

8 

34 

10*082866 

10*113011 

8 14 

18 

9*804199 

923 

10*195801 

9*917262 

9 

39 

10*082738 

10*11306^ 

9 16 

‘20 

9*804276 

10 25 

io*i 9572 < 

9*917391 

10 

43 

10*082609 

10-113115 

10 17 

22 

9*804352 

11 28 

10*195648 

9-917520 

11 

47 

10*082480 

10*113168 

11 19 

‘24 

9*804428 

12 30 

10*195572 

9-917648 

12 

51 

10*082352 

10*113220 

1221 

26 

9-804505 

1333 

10*195495 

9*917777 

13 

56 

10*082223 

10*113272 

1323 

28 

9*804581 

1435 

10*195419 

9*917906 

14 

60 

10*082094 

10*113324 

14 24 

30 

9-804657 

15 38 

i°*i 9 S 343 

9*918034 

15 

64 

10*081966 

10*113377 

1526 

32 

9-804734 

1640 

10*195266 

9*918163 

16 

69 

10*081837 

10*113429 

1628 

34 

9*804810 

1743 

10*195190 

9*918291 

17 

73 

10*081709 

10*113481 

1730 

36 

9*804886 

1846 

10*195114 

9*918420 

18 

77 

10*081580 

10*113534 

I831 

38 

9*804962 

1948 

10*195038 

9*918548 

19 

gi 

10*081452 

10*113586 

1933 

40 

9*805039 

2051 

10*194961 

9*918677 

20 

86 

19*081323 

10*113638 

2035 

42 

9*805115 

21 33 

10*194885 

9*918805 

21 

90 

10*081195 

10*113691 

2137 

44 

9*805191 

22 56 

10*194809 

9*918934 

22 

94 

10*081066 

10*113743 

2238 

46 

9*805267 

23 58 

10*194733 

9*919063 

23 

99 

10*080937 

10*113796 

2340 

48 

9*805343 

24 61 

10*194657 

9*919191 

24 

103 

10*080809 

10*113848 

2442 

30 

9*805419 

2563 

10-194581 

9*919320 

25 

107 

io*o8o68o 

10*113901 

2544 

52 

9*805495 

26 66 

10*194505 

9-919448 

26 

III 

10*080552 

10*113953 

2645 

34 

9*805571 

27 68 

10*194429 

9*919577 

27 

116 

10*080423 

10*114005 

2747 

56 

9*805647 

2871 

10*194353 

9*919705 

28 120 

10*080295 

10*114058 

28 49 

38 

9*805723 

2973 

10*194277 

9*919834 

29 124 

10*080166 

10*114110 

2950 

39 

9*805799 

30 76 

10*194201 

9*9x9962 

30 

129 

10*080038 

10*114163 

30 52 

2 

9*805875 

1 3 

10*194125 

9-920091 

T 

4 

10*079909 

10-114216 

1 2 

4 

9*805951 

2 S 

10*194049 

9-920219 

2 

9 

10*079781 

10*114268 

2 4 

6 

1 9*806027 

3 8 

* 0 ‘i 93973 

9-920348 

3 

>3 

10*079652 

10*114321 

3 5 

8 

9*806103 

4 10 

10*193897 

9-920476 

4 

17 

10*079524 

10*114373 

4 7 

10 

9*806179 

513 

10*193821 

9-920604 

5 

21 

10*079396 

10*114426 

6 9 

12 

9*806254 

615 

10*193746 

9-920733 

6 

26 

10*079267 

10*114478 

6 II 

14 

9*806330 

7 18 

10*193670 

9-920861 

7 

30 

10*079139 

10*114531 

7 12 

16 

9*806406 

820 

10*193594 

9-920990 

8 

34 

10*079010 

10*114584 

8 14 

18 

9*806482 

923 

10*193518 

9*921118 

9 

39 

10-078882 

10*114636 

9 ]6 

•20 

9*806557 

10 25 

10*193443 

9*921247 

10 

43 

10-078753 

10*114689 

10 ]g 

‘22 

9*806633 

1128 

10*193367 

9*921375 

11 

47 

10*078625 

10*114742 

11 20 

24 

9*806709 

12 30 

10*193291 

9*921503 

12 

51 

10-078497 

10*114795 

1221 

26 

9*806785 

1333 

10-193215 

9*921632 

13 


10-078368 

10*114847 

1323 

28 

9*806860 

1435 

10*193140 

9*921760 

14 

60 

10-078240 

10*114900 

1425 

30 

9*806936 

15 38 

10*193064 

9*921889 

15 

64 

110*078111 

10*114953 

1526 

32 

9*807011 

1640 

10*192989 

9-922017 

16 

68 

10*077983 

10*115006 

1628 

34 

9*807087 

1743 

10*192913 

9-922145 

17 

73 

*0*077855 

10-115058 

17 30 

36 

9*807163 

1845 

10*192837 

9-922274 

18 

77 

10*077726 

10*115111 

18 32 

38 

9*807238 

1948 

10*192762 

9-922402 

19 

81 

10*077598 

10*115164 

1933 

40 

9*807314 

20 50 

10*192686 

9-922530 

20 

86 

10*077470 

10*115217 

2035 

42 

9*807389 

2153 

10* 19261 1 

9-922659 

21 

90 

10-077341 

10*115270 

21 37 

44 

9*807465 

2255 

10*192535 

9-922787 

22 

94 

10-077213 

10*115323 

2239 

46 

9*807540 

2358 

10*192460 

9-922915 

23 

98 

10*077085 

10*115375 

23 40 

48 

9*807615 

24 60 

10*192385 

9*923044 

24 

103 

10*07^56 

10*115428 

2442 

50 

9*807691 

2563 

10*192309 

9*923172 

25 

107 

10*076828 

10*115481 

2544! 

32 

9*807766 

2665 

10*192234 

,9-923300 

26 III 

10*076700 

10*115534 

2646 

54 

9*807842 

2768 

10*192158 

9*923429 

27 116 

10*076571 

10*115587 

2748 

36 

9*807917 

28 70 

10*192083 

9*923557 

28 120 

10*076443 

10*115640 

28 49 

58 

9*807992 

2973 

10*192008 

9*923685 

29 124 

10*076315 

10*115693 

2951 


9*808067 

3076 

10*191933 

9*923814 

30 128 

10*076186 

10*115746 

3053 

m. 

8. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 


Cosine 


9*887406 

9-887354 

9-887302 

9-887250 

9-887198 

9*887146 


22 

5H 

36 

34 

5*2 

30 


30 

30 

29 

30 

28 


30 


9*887093 

48 

27 

9*887041 

46 

30 

9*886989 

44 

20 

9*886937 

42 

30 

9*886885 

40 

25 

9*886832 

38 

30 

9-886780 

36 

24 

9-886728 

34 

30 

9*886676 

32 

23 

9*886623 

30 

30 

9*886571 

28 

22 

9*886519 

26 

30 

9*886466 

24 

21 

9-886414 

•22 

30 

9-886362 

‘20 

20 

9*886309 

18 

30 

9-886257 

16 

19 

9*886204 

14 

30 

9*886152 

12 

18 

9*886099 

10 

30 

9*886047 

8 

17 

9*885995 

6 

30 

9-885942 

4 

16 

9*885890 

2 

30 

9-885837 

ai 

16 

9-885784 

58 

30 

9-885732 

56 

14 

9-885679 

54 

30 

9-885627 

52 

13 

9-885574 

50 

30 

9-885522 

4 S 

12 

9-885469 

46 

30 

9-885416 

44 

11 

9-885364 

42 

. 30 

9-885311 

40 

10 

9-885258 

38 

30 

9*885205 

36 

9 

9*885153 

34 

30 

9*885100 

32 

8 

9*885047 

30 

30 

3*884994 

28 

•7 

9*884942 

*26 

' 30 

9*884889 

*24 

6 

9*884836 

*22 

30 

9*884783 

20 

5 

9-884730 

18 

30 

9-884677 

16 

1 4 

9-884625 

14 

30 

9-884572 

12 

3 

9*884519 

10 

30 

9*884466 

S 

2 

9-884413 

6 

30 

9*884360 

4 

I 

9*884307 

2 

30 

9*884254 

0 

0 

Sine 

m. 



50 ‘ 
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ijh 40 '" 40 ° 


r // 

m. 

1 . 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

%* 

/ // 

0 

0 

9*808067 


10*191933 

9*923814 



10*076186 

10*115746 


9*884254 

20 

60 

30 

2 

9*808143 


10*191857 

9*923942 

1' 

4 

10*076058 

10*115799 

1 " 2 

9*884201 

5 H 

30 

1 

4 

9*808218 

2 5 

10*191782 

9*924070 

2 

9 

10*075930 

10*115852 

2 4 

9*884148 

50 

50 

30 

0 

9*808293 

3 8 

10*191707 

9*924198 

3 

13 

10*075802 

10*115905 

3 5 

9*884095 

54 

30 

2 

8 

9*808368 

4 10 

10*191632 

9-924327 

4 

*7 

10*07567-5 

10*115958 

4 7 

9*884042 

5*2 

5 « 

30 

10 

9*808444 

5 13 

10*191556 

9 * 9^4455 

5 

r- 

J 0 ' 075 S 45 

10*116011 

6 9 

9883989 

50 

30 

3 

12 

9*808519 

615 

10*191481 

9*924583 

6 

26 

10*075417 

10*116064 

6 11 

9*883936 

48 

57 

30 

14 

9*808594 

7 18 

10*191406 

9*924711 

7 

30 

10*075289 

10*116117 

7 12 

9 ' 8 * 3**3 

40 

30 

4 

10 

9*808669 

820 

10*191331 

9*924840 

8 

34 

10*075160 

10*1 16171 

8 14 

9*883829 

44 

56 

30 

18 

9*808744 

923 

10* 191256 

9*924968 

9 

38 

10*075032 

10*116224 

9 16 

9*883776 

4*2 

30 

5 

20 

9*808819 

10 25 

10*191181 

9*925096 

10 

43 

10*074904 

10*116277 

10 18 

9*883723 

40 

5.5 

30 

22 

9*808894 

11 28 

lo* 191106 

9*925224 

11 

47 

10*074776 

10*116330 

11 19 

9*883670 

38 

30 

6 

24 

9*808969 

1230 

10*191031 

9*925352 

12 

51 

10*074648 

10*116383 

1221 

9*883617 

36 

54 

30 

26 

9*809044 

1333 

10*190956 

9*925481 

13 


10*074519 

10*116436 

13 23 

9*883564 

34 

30 

7 

28 

9*809119 

1435 

10*190881 

9*925609 

14 

60 

10*074391 

10*116490 

14 25 

9*883510 

32 

53 

30 

30 

9*809194 

15 38 

10*190806 

9-925737 

15 

64 

10*074263 

10*116543 

15 27 

9*883457 

30 

30 

8 

32 

9*80^9269 

1640 

10*190731 

9*925865 

16 

68 

10*074135 

10*116596 

1628 

9-883404 

28 

52 

30 

34 

9*809344 

1743 

10* 190656 

9*925993 

17 

73 

10*074007 

10*116649 

1730 

9*883351 

26 

30 

9 

30 

•9*809419 

1845 

10*190581 

9*926122 

18 

77 

10*073878 

10*116703 

18 32 

9*883297 

24 

51 

30 

38 

9*809494 

19 4S 

10*190506 

9*926250 

19 

81 

10*073750 

10*116756 

1»34 

9*883244 

22 

30 

10 

40 

9*809569 

20 50 

10*190431 

9*926378 

20 

85 

10*073622 

10*116809 

2035 

9*883191 

20 

50 

30 

42 

9*809643 

2153 

10*190357 

9*926506 

21 

90 

10*073494 

10*116863 

21 37 

9-883137 

18 

30 

11 

44 

9*809718 

2255 

10*190282 

9*926634 

22 

94 

10*073366 

10*116916 

2239 

9*883084 

16 

49 

30 

40 

9*809793 

23 58 

10*190207 

9*926762 

23 

98 

10*073238 

10*116969 

2341 

9*883031 

14 

30 

12 

48 

9*809868 

24 60 

10*190132 

9*026890 

24 

102 

10*073110 

10*117023 

2442 

9*882977 

12 

4 » 

30 

SO 

9*809943 

2563 

10*190057 

9*927019 

25 

107 

10*072981 

10*117076 

2544 

9*882924 

10 

30 

13 

52 

9*810017 

26 65 

10*189983 

9*927147 

26 

III 

10*072853 

10*117129 

2646 

9*882871 

8 

47 

30 

54 

9*810092 

2768 

lO* 189908 

9*927275 

27 1 15 

10*072725 

10*117183 

27 48 

9*882817 

6 

30 

14 

50 

9*810167 

28 70 

10*189833 

9*927403 

28 120 

10*072597 

10*117236 

28 50 

9*882764 

4 

46 

30 

58 

9*810241 

2973 

10*189759 

9*927531 

29 124 

10*072469 

10*117290 

29 51 

9*882710 

2 

30 

15 


9*810316 

30 75 

10*189684 

9*927659 

30 

128 

10*072341 

10*117343 

3053 

9*882657 

19 

45 

30 

1 ^ 

9*810390 

1 2 

10*189610 

9*927787 

1 

4 

10*072213 

10*117397 

1 2 

9*882603 

58 

30 

16 

4 

9*810465 

3 5 

10*189535 

9*927915 

2 

9 

10*072085 

10*117450 

2 4 

[9*882550 

56 

44 

30 

0 

9*810540 

3 7 

10*189460 

9*928043 

3 

13 

10*071957 

10*117504 

3 S 

9*882496 

5 ) 

30 

17 

8 

9*810614 

4 10 

10*189386 

9*928171 

4 

17 

10*071829 

10*117557 

4 7 

9*882443 

52 

43 

30 

10 

9*810689 

5 12 

10*189311 

9*928299 

6 

21 

10*071701 

10*117611 

6 9 

9*882389 

50 

30 

18 

12 

9*810763 

615 

10*189237 

9*928427 

6 

z6 

10*071573 

10*117664 

611 

9*882336 

48 

42 

30 

! 14 

9*810838 

7 17 

10*189162 

9*928555 

7 

30 

10*071445 

10*117718 

7 *3 

9*882282 

46 

30 

19 

16 

9*810912 

820 

10*189088 

9*928684 

8 

34 

10*071316 

10*117771 

8 14 

9*882229 

44 

41 

30 

18 

9*810986 

922 

10*189014 

9*928812 

9 

38 

10*071188 

10*117825 

9 16 

9*882175 

42 

30 

20 

20 

9*81 1061 

1025 

10*188939 

9*928940 

10 

43 

10*071060 

10*117879 

10 18 

9*382121 

40 

40 

30 

22 

9*811135 

11 27 

10*188865 

9*929068 

11 

47 

10*070932 

10*117932 

11 20 

9*882068 

38 

30 

21 

24 

9*811210 

1230 

10*188790 

9*929196 

12 

51 

10*070804 

10*117986 

1221 

9*8820x4 

36 

39 

30 

20 

9*81 1284 

1332 

10*188716 

9*929324 

13 

55 

110*070676 

10*118040 

13 23 

9*881960 

34 

30 

22 

28 

9*811358 

1435 

10*188642 

9929452 

14 

60 

10*070548 

10*118093 

1425 

9*881907 

32 

36 

30 

30 

9*811433 

1537 

10*188567 

9*929580 

15 

64 

10*070420 

10*118147 

1527 

9*881853 

30 

30 

23 

32 

9*811507 

1640 

10*188493 

9*929708 

16 

68 

10*070292 

10*118201 

16 29 

9*881799 

28 

37 

30 

34 

9*811581 

17 42 

10*188419 

9*929836 

17 

73 

10*070164 

10*118254 

17 30 

9*881746 

26 

1 30 

24 

30 

9*811655 

1345 

10*188345 

9*929964 

18 

77 

10*070036 

10*118308 

18 32 

9*881692 

24 

1 36 

30 

38 

9*811730 

1947 

10*188270 

9*930092 

19 

81 

10*069908 

10*118362 

1934 

9*881638 

22 

30 

25 

40 

9*811804 

20 50 

10*188196 

9*930220 

20 

85 

10*069780 

10*118416 

2036 

9*881584 

20 

35 

30 

42 

9*811878 

21 52 

10*188122 

9*930348 

21 

90 

10*069652 

10*118470 

21 38 

9*881530 

18 

30 

26 

44 

9*811952 

2255 

10*188048 

9*930475 

22 

94 

10*069525 

10*118523 

2239 

9*881477 

16 

34 

30 

40 

9*812026 

2357 

10*187974 

9*930603 

23 

98 

10*069397 

10*118577 

2341 

9*881423 

14 

30 

27 

48 

9*812100 

2460 

10*187900 

9*930731 

24 

102 

10*069269 

10*118631 

2443 

9*881369 

12 

33 

30 

50 

9*812174 

25 62 

10*187826 

9*930859 

25 

107 

10*069141 

10*118685 

25 45 

9*881315 

10 

30 

28 

52 

9*812248 

2665 

10*187752 

9*930987 

26 

III 

10*069013 

10*118739 

2647 

9*881261 

8 

32 

30 

54 

9*812^22 

27 67 

10*187678 

9*931115 

27 

”5 

10*068885 

10*118793 

2748 

9*881207 

6 

30 

29 

50 

9*812396 

28 70 

10*187604 

9*931243 

28 

1 19 

10*068757 

10*118847 

28 50 


4 

31 

30 

58 

9*812470 

2972 

10*187530 

9*931371 

29 124 

10*068629 

10*118901 

29 52 

9*881099 

2 

30 

30 

42 

9*812544 

30 74 

10*187456 

9*931499 

30 iz8 

io'’o685oi 

10*118954 

3054 

9*881046 

0 

30 

/ n 

m. 

Cosine 

Parts 

Secant 

Cotaiig. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

xn. 

n 


49 ° 3 *^ J 
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9-812544 

9-812618 

9-812692 

9-812766 

9-812840 

9-312914 

9*812988 

9*813062 

9 ’ 8 i 3*35 

9-813209 

9-813283 

9‘8»33S7 

9-813430 

9-813504 

9*813578 

9*813651 

9-813725 

9-813799 

9-813872 

9-813946 

9*814019 

9-814093 

9-814166 

9-814240 

9-814313 

9-814387 

9*814460 

9-814533 

9*814607 

9*814680 

9*^14753 


9*814827 

9-814900 

9-814973 

9-815046 

9*815120 

9-815193 

9-815266 

9-815339 

9-815412 

9-815485 


9-815558 

9-815632 

9-815705 

9-815778 

9-815851 

9-815924 

9-815996 

9-816069 

9*816142 

9*816215 

9*816288 

9*816361 

9-816434 

9*816507 

9*816579 

9*816652 

9*816725 

9-816798 

9*816870 

9*816943 


Parts Cosec. 


10*187456 
1^2 10*187382 

2 5 10-187308 

3 7 10*187234 
4 10 10-187160 
5 12 10-187086 
6 15 10*187012 
7 17 10-186938 
820 10*186865 
922 10*186791 

10 24 10*186717 

11 27 10*186643 
1229 10*1865705 

13 32 io*i86496j 

14 34 10*186422; 

15 37 10*186349' 

16 39 10*186275 
1742 10*186201 
I844 10*186128 
1947 10*186054 
2049 *^>85981 
21 51 10*185907 
2254 10*185834 

23 56 10*185760 

24 59 lo* 185687 
2561 10*185613 
2664 10*185540 

27 66 10*185467 

28 6g io'i85,393 
2971 10*185320 
3074 10*185247 


1 2 10*185173 

2 5 10*185100 

3 7 10*185027 

4 10 10*184954 
6 12 10*184880 
615 10-184807 
7 17 10-184734 
8 20 .10-184661 
922 10-184588 

IO24 10-184515 


11 27 10-184442 
1229 10184368 
13 32 10-184295 
1434 10-184222 
15 36 10*184149 
1639 10*184076 
1741 10-184004 
I844 10*183931 
1946 10*183858 
2049 10*183785 
2151 10*183712 
22 54 10-183639 
2356 10*183566 
2458 10*183493 
2561 10*183421 
2663 10*183348 

27 66 10*183275 

28 68 10*183202 
2970 10-183130 
3073 10*183057 


9-931499 

9*931627 

9*931755 

9-931883 

9-932010 

9-932138 

9-932266 

9*932394 

9-932522 

9-932650 

9*932778 

9*932906 

9*933033 

9*933161 

9-933289 

9*933417 

9*933545 

9-933672 

9*933800 

9*933928 

9*934056 

9*934184 

9*9343” 

9*934439 

9*934567 

9*934695 

9*934822 

9*934950 

9*935078 

9*935206 

9*935333 

9*935461 

9*935589 

9*935717 

9*935844 

9*935972 

9*936100 

9*936227 

9*936355 

9-936483 
9*936611 
9 936738 
9-936866 
9-936994 
9*937121 

9*937249 

9*937377 

9*937504 

9-937632 

9*937759 

9*937887 


9*938015 

9*938142 

9*938270 

9*938398 

9*938525 

9*938653 

9*938780 

9*938908 

9*939035 

9*939163 


Parts Cotang. 

10*068501 
1" 4 10*068373 

2 9 10*068245 

3 13 10*068117 

4 17 10*067990 
'll 21 10*067862 

6 26 10*067734 

7 30 10*067606 

8 34 10*067478 

9 38 10*067350 

10 43 10*067222 

11 47 10*067094 

12 51 10*066967 

13 55 10*066839 

14 60 10*066711 

15 64 10*066583 

16 68 10*066455 

17 72 10*066328 

18 77 10*066200 

19 81 10*066072 

20 85 10*065944 

21 89 10*065816 
122 94 10*065689 

23 98 10*065561 

24 102 10*065433 

25 106 10*065305 

26 III 10*065178 

27 115 10*065050 

28 1 19 10*064922 

29 124 10*064794 

30 128 10*064667 

1 4 10*064539 

2 9 10*064411 

3 13 10*064283 

4 17 10*064156 

5 zi 10/064028 

6 26 10*063900 

7 30 10*063773 

8 34 10*063645 

9 38 10-063517 

10 43 10-063389 

11 47 10-063262 

12 51 10-063134 

13 55 10-063006 

14 60 10*062879 

15 64 10*062751 

16 68 10*062623 

17 72 10-062496 

18 77 10*062368 

19 8 1 10*062241 

20 85 10*062113 


21 89 10-061985 

22 94 10*061858 

23 98 10-061730 

24 102 10-061602 

25 106 10*061475 

26 111 10-061347 

27 1 15 10*061220 

28 119 10*061092 

29 123 10*060965 

30 128 10*060837 


Secant 
10-118954 , 
10*119008 
10-119062 
10-119116 
10-119170 
10-119224 
10*119278 
10-119333 
10-119387 
10*119441 
10*119495 


10*119549 

10*119603 

10*119657 

10*119711 

10*119766 

10*119820 

10*119874 

10*119928 

10*119982 

10*120 037 

10*120091 

10*120145 

10*120200 

10*120254 

10*120308 

10*120363 

10*120417 

10*120471 

10*120526 

10*120580 


10*120635 
10*120689 
10*120743 
10*120798 
10*120852 
10*120907 
10*120961 
10*121016 
10*121071 
10*121125 ] 
10*121180 ] 
10*121234 ] 
10*121289 1 
10*121344 ] 
10-121398 
10*121453 
10*121508 
10*121562 
10*121617 
10*121672 
10*121727 
10*121781 
10*121836 
10*121891 
10*121946 
10*122001 
10*122055 
10*122110 
IO’122i65 
10*122220 


Cosine 
9-881046 
9*880992 
9*880938 
9*880884 
9*880830 
9-880776 50 I 
9*880722 48 
9*880667 46 
9-880613 44 
9*880559 42 
9*880505 40 
9*880451 38 
9*880397 36 
9*880343 34 
9*880289 32 
9-880234 30 
9*8^0180 28 
9*880126 26 
9*880072 24 
9*8Sooi8 22 
9*879963 *20 
9*879909 18 
9*879855 16 
9-879800 14 
9*879746 12 
9*879692 10 
9*879637 8 

9*879583 6 

9*879529 4 

9*879474 2 

9*879420 17 
9879365 68 
9*879311 66 
9*879257 64 
9*879202 62 
9*879148 50 
9*879093 48 
9*879039 46 
9*878984 44 
9*878929 42 
9*878875 40 
9*878820 38 
9*878766 36 
9*878711 34 
9-878656 32 
9-878602 30 
9-878547 28 
9 878492 20 
9*878438 *24 
9-878383 22 
9*878328 20 
9*878273 18 
9-878219 16 
9-878164 14 
9-878109 12 
9-878054 10 
9*877999 8 

?'877945 e 
9*877890 4 

9-877835 2 

9-877780 0 


gh Ifim 
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TABLE 68 


gh 44n» 

f ''Im.l < 


Sine 

0 9*816943 
2 9*817016 
4 9*817088 


Parts Cosec. Tangent 

10*183057 9*939*^3 
l"2 10*182984 9*9392-9^ 
2 5 10*182 ■ ‘ 


LOG. SINES, COSINES, &c. 

41 ^ 

I Tangent Parts Cotang. 




9*818247 

9*818320 




9*939418 2 8 10*060582 i< 

9*939546 3 13 10*060454 i< 

9*939673 4 ^7 10*060327 1 

9*939801 5 21 10*060199 I 

9*939928 6 25 10*060072 1 

9*940056 7 30 10*059944 1 

9*940183 8 34 10*059817 1 

9*940311 9 38 10*059689 I 

9*940439 10 42 10*059561 I 
9*940566 11 47 10*059434 I 
9*940694 12 51 10*059306 I 
9*940821 13 55 10*059179 1 
9*940949 14 59 10*059051 1 
9*941076 15 64 10*058924 1 
9*941204 16 68 10*058796 1 
9*941331 17 72 10*058669 I 
9*941459 18 76 10*058541 1 
9*941586 19 81 10*058414 1 
9*941713 20 85 10*058287 1 
9*941841 21 89 10*058159 
9*941968 22 93 10*058032 
9*942096 23 98 10*057904 
9*942223 24 102 10*057777 
9*942351 25 106 10*057649 
9*942478 26 110 10*057522 
9*942606 27 1 15 10*057394 
9*942733 28 119 10*057267 
9*942861 29 123 10*057139 
0*942988 30 127 10*057012 


Secant 

Parts 

Cosine 

n. 

// 

10*122220 

9 

*87*^780 ! 

L6 

m 

10*122275 

1" 2 9 

•870725 

58 

ao 

10*122330 

249 

•877670 

50 1 

59 

10*122385 

359 

•877615 

54 

3U 


9*943 ”5 
9*943243 
9*943370 
9*943498 
9*943625 

9*943751 

9*943880 


4. 10*056885 10* 
8 10*056757 10* 
13 10*056630 10* 
17 10*056502 
21 10*056375 
25 10*056248 
30 10*056120 


9*944007 8 34 10*055993 

9*944135 9 38 10*055865 

9*944262 10 42 10*055738 
9*944389 11 47 10*055611 
9*944517 12 51 10*055483 
9*944644 13 55 10*055356 

9*944771 14 59 10*055229 
9*944899 15 64 io*o55ioj 
9*945026 16 68 10*054974 
9*945153 17 71 *0*054847 
9*945281 18 76 10*054719 
9*945408 19 81 10*054592 
9*945535 ^5 10*054465 

9*945663 21 89 10*054337 
9*945790 22 93 10*054210 
9*945917 23 98 10*054083 
9*946045 24 102 10*053955 
9*946172 25 106 10*053828 
9*946299 26 no 10*053701 
9*946427 27 115 10*053573 
9*946554 28 119 10*053446 
9*946681 29 123 10*053319 
9* 946808 30 127 10*053191 

Cotang. Parts Tangent 
















nBf 3 BW 


30 

30 

38 

3 *i 

30 

34 

39 

3 <j 

30 

3 H 

40 

40 


30 

42 

4L 

44 

30 

46 

42 

48 

30 

SO 

43 

52 

30 

54 

44 

60 

30 

58 

45 


30 

2 

46 

4 

30 

6 

47 

8 

30 

10 

48 

12 

30 

14 

49 

10 

30 

18 

50 

20 

30 

22 

51 

24 

30 

20 

52 

28 

30 

30 

53 

32 

30 

34 

54 

36 

30 

38 

55 

40 

30 

42 

56 

44 

30 

40 

57 

48 

30 

50 

58 

52 

30 

54 

59 

50 

30 

58 

60 

«8 


Sine 

Parts 

Cosec. 

9*821265 


10*178735 

9*821336 

1"2 

10*178664 

9*82 1407 

2 5 

10*178593 

9*821479 

3 7 

10*178521 

9*821550 

4 10 

10*178450 

9*821621 

6 12 

10*178379 

9*821693 

6 14 

10*178307 

9*821764 

717 

10*178236 

9*821835 

8 19 

10*178165 

9*821906 

9 21 

10*178094 

9*821977 

10 24 

10*178023 

9*822049 

1126 

10*177951 

9*822120 

1228 

10*177880 

9*822191 

1331 

10*177809 

9*822262 

1^33 

10*177738 

9*822333 

15 36 

10*177667 

9*822404 

1638 

10*177596 

9*822475 

1740 

10*177525 

9*822546 

1843. 

10*177454 

9*822617 

1945 

10*177383 

9*822688 

2047 

10*177312 

9*822759 

21 50 

10*177241 

9*822830 

2252 

10*177170 

9*822901 

2355 

10*177099 

9*822972 

2457 

10*177028 

9*823043 

25 59 

10*176957 

9*823114 

2662 

10*176886 

9*823185 

27 64 

10*176815 

9*823255 

28 66 

10*176745 

9*823326 

2969 

10*176674 

9 * 8^3397 

3071 

10*176603 

9*823468 

1 2 

10*176532 

9*823539 

2 5 

10*176461 

9*823609 

3 7 

10*176391 

9*823680 

4 9 

10*176320 

9*823751 

5 12 

10*176249 

9*823821 

6 14 

10*176179 

9*823892 

7 16 

10*176108 

9*823963 

8 19 

10*176037 

9*824033 

921 

10*175967 

9*824104 

10 23 

10*175896 

9*824174 

11 26 

10*175826 

9*824245 

12 z8 

10*175755 

9 ‘ 8243 iS 

13 30 

10*175685 

9*824386 

1433 

10*175614 

9*824456 

1535 

10*175544 

9*824527 

1637 

10*175473 

9*824597 

1740 

10*175403 

9*824668 

18 42 

10*175332 

9*824738 

1944 

10*175262 

9*824808 

2047 

10*175192 

9*824879 

21 49 

10*175721 

9*824949 

2251 

10175051 

9*825019 

23 54 

10*174981 

9*825090 

24 56 

10*174910 

9*825160 

25 58 

10*174840 

9*825230 

26 61 

10*174770 

9*825300 

2763 

10*174700 

9*825371 

28 66 

10*1741629 

9*825441 

29 68 

10*174559 

9*825511 

3071. 

10*174489 


9*946808 

9*946936 

9*947063 

9*947190 

9*947318^ 

9‘947445 

9 ’ 947 ‘; 7 i 

9*947699 

9*947827 

9 ’ 9479 S 4 

9*948081 

9*948208 

9 * 94^335 

9*948463 

9*948590 

9*948717 

9*948844 

9*948972 

9*949099 

9*949226 

9^949353 

9*949480 

9*949608 

9*949735 

9*949862 

9*949989 

9*950116 

9*950243 

9*950371 

9*950498 

9*95^625 

9*950752 

9*950879 

9*951006 

9*951133 

9*951261 

9*951388 

9*951515 

9*951642 

9*951769 

9 *95^896 

9*952023 

9*952150 

9*952277 

9*952405 

9*952532 

9*952659 

9*952786 

9*952913 

9*953040 

9*953167 


9 * 953^94 

9*953421 

9*953548 

9*953675 

9*953802 

9*953929 

9*954056 

9*954183 

9*954310 

9*954437 

Cotang. 



1 " 

4 

2 

8 

3 

13 

1 4 

17 

5 

21 

6 

25 

7 

30 

8 

34 

9 

35 i 

10 

42 

11 

47 

12 

5* 

13 

55 

14 

59 

15 

64 

16 

68 

17 

7 i 

18 

76 

19 

Si 

20 

85 

21 

89 

22 

93 

*23 

98 

24 

102 

25 106 

26 

no 

27 

114 

28 

119 

29 

123 

30 

127 

1 

4 

2 

8 

3 

>3 

4 

>7 

5 

21 

6 

25 

7 

30 

8 

34 

9 

38 

10 

42 

11 

47 

12 

51 

13 

55 

14 

59 

15 

64 

16 

68 

17 

72 

18 

76 

19 

80 

20 

85 


0*052046 


10*050138 

10*050011 

10*049884 

10*049757 

10*049629 

10*049502 

J0*049375 

10*049248 

10*049121 


10*048485 

10*048358 

10*048231 

10*048104 

10*047977 

10*047850 

10*047723 

10*047595 

10*047468 

10*047341 

10*047214 

10*047087 

10*046960 

10*046833 


10*046706 

10*046579 

10*046452 

10*046325 

10*046198 

10*046071 

10*045944 

10*045817 

10*045690 

10*045563 


10*125544 

10*125600 

10*125656 

10*125712 

10*125768 

10*125823 

10*125879 

10*125935 

10*125991 

10*126047 

10*126104 

9*874456 
r'z 9*874400 

2 4 9*874344 

3 6 9*874288 

4 7 9*874232 

5 9 9*874177 

6 II 9*874121 

7 13 9 ’ 874 o 65 
815 9*874009 
917 9-873953 

10 19 9*873896 

10*126160 

10*126216 

10*126272 

10*126328 

10*126384 

10*126440 

10*126496 

10*126552 

10*126609 

10*126665 

11 21 9*873840 
1222 9*873784 
1324 9*873728 
1426 9*873672 
1528 9*873616 

16 30 9*873560 

17 32 9*873504 
1834 9*873448 
1936 9*873391 
2037 9*873335 

10*126721 
10* 126777 

10*126834 

10*126890 

10*126946 

10*127002 

10*127059 

10*127115 

10*127171 

10*127228 

21 39 9*873279 
2241 9*873223 
2343 9*873166 
2445 9*873110 

2547 9*873054 

2649 9*872998 
27 50 9*872941 
2852 9*872885 
2954 9*872829 
3056 9*872772 

10*127284 

10*127341 

10*127397 

10*127453 

10*127510 

10*127566 

10*127623 

10*127679 

10*127736 

10*127792 

1 2 9*872716 

2 4 9*872659 

3 6 9*872603 

4 8 9*872547 

5 9 9*872490 

6 II 9*872434 
7 13 9*872377 

8 15 9*872321 
9 17 9*872264 

10 19 9*872208 

10*127849 

10*127905 

10*127962 

10*128019 

10*128075 

10*128132 

10*128189 

10*128245 

10*128302 

10*128359 

11 21 9*872151 
1223 9*872095 
1325 9*872038 
1426 9*871981 
1528 9*871925 

16 30 9*871868 

17 32 9*871811 

18 34 9*871755 

19 36 9*871698 

20 38 9*871641 

io’1284I5 

10*128472 

10*128529 

10*128586 

10*128642 

10*128699 

10*128756 

10*128813 

10*128870 

10*128927 

2140 9*871585 
2242 9*871528 
2343 9*871471 
2445 9*871414 
2547 9*871358 
2649 9*871301 
2751 9*871244 
2853 9*871187 
2955 9*871130 
3057 9*871073 
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TABLE 



LOG. SINES, COSINES, &c. 

a" 48"' 

42° 




Sine 


9*825511 

9*825581 

9-825651 

9-825721 

9*825791 

9*825861 

9*825931 

9*826001 

9*826071 

9*82614.1 

9*826211 


9*826281 
9*826351 
9*826421 
9*826491 
9*826561 
9*826631 
9*826701 
9*826770 
9*826840 
9*826910 
9*826980 
9*827049 
9*8271 19 
9*827189 
9*827258 
9*827328 
9*827398 
9*827467 
9*827537 
9*827606 


9*827676 

9*827745 

9*827815 

9*827884 

9*827954 

9*828023 

9*828093 

9*828162 

9*828231 

9*828301 

9*828370 

9*828439 

9*828509 

9*828578 

9*828647 

9*828716 

9*828786 

9*828855 

9*828924 

9*^^899 3 

9*829062 

9*829131 

9*829200 

9*829269 

9*829338 

9*8294»7 

9*829476 

9*829545 

9*829614 

9*829683 


Cosine 


10*174489 
1'' 2 10-174419 

2 5 10*174349 

3 7 10*174279 

4 9 10*174209 

5 12 10174139* 

6 14 10*174069 

7 16 10*173999 

8 19 10*173929 
921 10*173859 

10 23 10*1/3789 


11 26 10*173719 

12 28 10* 173649 

13 30 10*173579 

14 33 10*173509 

15 35 10*173439 

16 37 10*173369 

17 40 10*173299 

I842 10*173230 
1944 17316c 

2047 10*173090 

21 49 10*173020 

22 51 10*172951 

23 54 10*172881 

24 56 10*17281 1 
26 58 10*172742 

26 61 10*172672 

27 63 10*172602 
2865 10*172533 
2968 10*172463 
30701 10* 172394 


1 2 10*1723241 

2 5 10*172255 

3 7 10*172185 

4 9 10*172116 
6 12 10*172046 

6 14 10*171977 

7 16 10*171907 

8 19 10*171838 
921 10*171769 

10 23 10*171699 

11 26 10*171630 
1228 10*171561 

13 y 10*171491 

14 33 10*171422 

15 35 10*171353 

16 37 10*171284 

17 40 10-171214 
1842 10*171145 
1944 10-171076 
2046 10*171007 

21 4< 10*170938 

22 5 I 10*170869! 

23 53 10*170800 

24 55 10*170731, 

25 58 10*170662 

26 6c 10-170593 I 

27 62 10*170524 

28 65 10*170455 

29 67 10*170386 

30 60 10*170317 


Farts Secant 


Tangent 


9‘954437 
9‘954564 
9-954691 
9-954819 
9 '9 54946 

9*955073 

9*955200 
9*9553^7 
9*955454 
9*955581 
9*9557oS : 

9*955835 ’ 

9*955961 ] 
9*956088 ] 
9*956215 ] 
9*956342 1 
9*956469 1 
9*956596 ] 
9-956723 ] 
9*956850 ] 

9*956977 

9*957104 

9*957231 

9*957358 

9*957485 

9*957612 

9*957739 

9*957866 

9*957993 

9*958120 

9*958247 


9*958373 

9*958500 

9*958627 

9*958754 

9*958881 

9*959008 

9*959135 

9*959262 

9*959389 

9*9595^6 ] 

9-959642 ] 
9*959769 ] 

9*959896 ] 

9*960023 1 
9*960150 ] 
9*960277 1 
9-960404 ] 
9*960530 ] 
9*960657 ] 
9*960784 5 


9*960911 1 
9*961038 ! 
9*961165 t 
9*961292 ! 
9*961418 ! 
9*961545 ! 
9*961672 
9*961799 
9*961926 
9*962052 


Cotang. 


10-045563 
I- 10*045436 
} 10*045309 
; 10*045181 
:> 10*045054 
[ 10*044927 
; 10*044800 
> 10*044673 
. 10*044546 
10*044419 
10*044292 
10*044165 
10*044039 
10*043912 
10*043785 
10*043658 1 
10*043531 
10-043404 
10*043277 
10*043 150 
10*043023 
10*042896 
10*042769 
10*042642 
10*042515 
, 10*042388 
• 10*042261 
. 10*042134 
: 10*042007, 
, 10*041880 
■ 10*041753 


. 10*041627 
1 10*041500 
10*041373 
10*041246 
10*041119 
: 10*040992 
, 10*040865 
. 10*040738 
10*040611 
10*040484 
10-040358 
10-04023 1 
10*040104 
, 10-039977 
10-039850 
10*039723 
10*039596 
10*039470 
10*039343 
10*039216 


I 10*039089 
; 10*038962 
- 10*038835 
, 10*038708 
( 10*038582 
> 10*038455 
10*038328 
I 10*038201 
; 10*638074 
7 10*037948 


10*128927 
10*128983 
10*129040 
10* 129097 
10*129154 
10*129211 
10*129268 
10*129325 
10*129382 
10*129439 
10*129496 

10-1^9553 
10*129610 
10*129667 
10*129724 
10*129782 
10*129839 
10* 129896 
10-129953 
10* 130010 
10*130067 
10* 130125 
10*130182 
10*130239 
10*130296 
10*130354 
lo-i J0411 
10*130468 
10*130526 
10*130583 
10*130640 
10*130698 
10*130755 
10-130812 
10*130870 
10*130927 
10130985 
lO- 13 1042 
IOI3IIOO 
10*131157 
10-131215 
10* 131272 
10*131330 
10-131388 
10*131445 
10*131503 
10*131560 
10*131618 
10*131676 
10-131733 
10*131791 


10*131849 

10*131907 

10*131964 

10*132022 

10*132080 

10*132138 

10*132196 

10*132253 

10*132311 

10*132369 


9*871073 
I 9-871017 
h 9*870960 

> 9*870903 
{ 9-870846 
) 9*870789 
[ 9*870732 
; 9*870675 
; 9*870618 
r 9*870561 

} 9*870504 

[ 9*870447 
[ 9*870390 

; 9*870333 

r 9*870276 
) 9*870218 
) 9*870161 
L 9*870104 
h 9*870047 
) 9*869990 
! 9*869933 

> 9*869875 
i 9*869818 
^ 9*869761 

> 9-869704 
I 9*869646 
) 9*869589 

I 9*86953^ 

I 9*869474 

; 9*869417 

r 9*869360 
i 9*869302 
^ 9*869245 
; 9*869188 
I 9*869130 
) 9*869073 
L 9*869015 
; 9-868958 
; 9*868900 
f 9 868843 
) 9*868785 
t 9*868728 
; 9*868670 
; 9*868612 
r 9*868555 
) 9*868497 
[ 9*868440 
; 9*868382 
; 9*868324 
) 9*868267 
\ 9*868209 


5 9*868151 
i 9*868093 
y 9*868036 
) 9-867978 
I 9*867920 
3 9*867862 
I 9*867804 
f 9*867747 
5 9*867689 
8 9*867631 


Sine 


m. 

/ // 

12 

GO 

68 

30 

56 

59 

64 

30 

5*2 

58 

60 

30 

48 

57 

46 

30 

44 

56 

4*2 

30 

40 

55 

38 

30 

36 

54 

34 

30 

3*2 

5.*) 

30 

30 

28 

52 

26 

30 

24 

51 

22 

30 

20 

50 

18 

30 

16 

49 

14 

30 

12 

48 

10 

30 

8 

47 

6 

3(1 

4 

46 

‘2 

30 

11 

45 

58 

30 

56 

44 

54 

30 

5-2 

43 

50 

30 

48 

42 

16 

30 

44 

41 

4-2 

30 

40 

40 

38 

30 

36 

39 

34 

30 

32 

38 

30 

30 

28 

37 

20 

30 

•24 

3G 

2*2 

30 

‘20 

35 

18 

30 

16 

34 

14 

30 

12 

33 

10 

30 

8 

32 

6 

30 

4 

31 

2 

30 

0 

30 

m. 

/ n 

















TABLE 68 


777 


LOG. SINES. COSINES, &c. 


Sine ’ 
9*829683 
9*829752 
9*829821 
9*829890 j 
9*829959 
9*830028 
9*830097 
9*830165 
9*830234 
9*830303 
9*83037^ 

9*830440 
9*830509 
9*830578 
9*830646 
9*830715 
9*830784 
9*830852 
9*830921 
9*830989 
9*831058 
9*83 1 127 
9*831195 
9*831263 
9*831332 
9*831400 
9*831469 

9 ‘ 83»537 
9*831606 
9*831674 
9 ’ 8 3 » 74 ^ 
9*83181 1 
9*831879 
9 * 83'947 
9*832015 
9*832084 
9*832152 
9*832220 
9*832288 
9*832356 

9*83^4^5 

9*832493 

9*832561 

9*832629 

9*832697 

9*832765 

9*832833 

9*832901 

9*832969 

9*833037 

9 ' 833 ^oS 

9’833173 

9*833241 

9’833309 

9*833377 

9*833444 

9*833512 

9833580 

9*833648 

9*833716 

5 9*833783 

'• Cosine 


Parts Cosec. 
10*170317 
P'2 10*170248 

2 5 10*170179 

3 7 10*170110 

4 9 10*170041 

5 12 10*169972 
6 14 10*169903 

7 16 10*169835 

8 19 10*169766 
921 10*169697 

10 23 10*169628 

11 25 10*169560 
1227 10*169491 
1330 10*169422 

14 32 10*169354 

15 34 10*169285 
1636 10*169216 
17 39 10*169148 
I841 10*169079 
1943 10*169011 
20 46 10*168942 
2148 10*168873 
22 50 10*168805 
2352 10*168736 
24 55 10*168668 
2557 10*168600 
26 59 10*168531 
2762 10*168463 
2864 10*168394 
2966 10*168326 
30 6 9 10*168258 

1 2 10*168189 

2 5 10*168121 

3 7 10*168053 

4 9 10*167985 

5 12 10*167916 
614 10*167848 
7 16 10*167780 
8 19 10*167712 

9 21 10*167643 

IO23 10*167575 
11 25 10*167507 
1227 167439 

1330 10*167371 
14 32 10*167303 

16 34 10*167235 

16 36 10*167167 

17 39 10*167099 
I841 10*167031 
1943 10*166963 
2045 10' 166895 
2148 10*166827 
22 50 10*166759 
*2352 10*166691 
2455 10*166623 
2557 10*166556 
2659 10*166488 
2761 10*166420 
2864 10*166352 
29 66 10*166284 
3068 10*166217 


Tangent 

9*962052 

9*962179 

9*962306 

9*962433 

9*962560 

9*962686 

9*962813 

9*962940 

9*963067 

9*963194 

9 J^ 33 ^ 1 
9*963447 1 

9*963574 ' 

9*963701 1 
9*963828 1 

9*963954 ^ 

9*964081 1 
9*964208 1 

9*964335 ^ 

9*964461 1 
^^964588 2 
9*964715 
9*964842 5 
9*964968 ^ 
9*965095 
9*965222 ' 

9*965349 • 
9*965475 ' 

9*965602 ' 
9*965729 i 

9*965982 

9*966109 

9*966236 

9*966362 

9*966489 

9*966616 

9*966742 

9*966869 

9*966996 

9 * 967 J ^3 • 

9*967249 1 

9*967376 

9*967503 
9*967629 
9*967756 
9*967883 
9*968009 
9*968136 
9*968263 
9*968389 
9 968516 
9*968643 
9*968769 
9*968896 
9*969023 
9*969149 
9-969276 
9*969403 
9*969529 
9*969656 


Cotang. 
10*037948 
. 10*037821 
10*037694 
10*037567 
10*037440 
10*037314 
10*037187 
10*037060 
10*036933 
10*036806 
10*036680 
10*036553 
10*036426 
10*036299 
I 10 036172 
10*036046 
10*035919 
, 10*035792 
I 10*035665 
» 10*035539 
. 10*035412 
I 10*035285 
1 10*035158 
' 10*035032 
: 10*034905 
; 10*034778 
) 10*034651 
I- 10*034525 
I 10*034398 
t 10*034271 
J 10*034145 
10*034018 
I 10*033891 
[ 10*033764 
r 10*033638 
I 10*033511 
; 10*033384 
) 10*033258 
I- 10*033131 
{ 10*033004 
I 10*032877 
? 10*032751 
I 10*032624 

5 10*032497 
J 10*032371 
3 10*032244 

8 10*032117 
I 10*031991 

6 10*031864 

3 10*031737 

4 10*031611 

9 10*031484 

3 10*031357 

7 10*031231 

1 10*031104 

6 10*030977 
o 10*030851 

4 10*030724 

8 10*030597 

2 10*030471 

7 10*030344 

s Tangent 


10* 132369 

10*132427 

10*132485 

10*132543 

10*132601 

10*132659 

10*132717 

10*132775 

10*132833 

10*132891 

10*132949 

10*133007 

10*133065 

10*133123 

10*133181 

10*133239 

10*133297 

10*133356 

10*133414 

10*133472 

10*133530 

10*133588 

10*133647 

10*133705 

10*133763 

10*133821 

10*133880 

10*133938 

10*133996 

10*134055 

10* 13 41 13 

10*134172 

10*134230 

10*134288 

10*134347 

10*134405 

10*134464 

10*134522 

10*134581 

10*134639 

10*134698 

10*134756 

10*134815 

10*134874 

10*134932 

10*134991 

10*135050 

10*135108 

10*135167 

10*135226 

10*135284 

10*135343 

10*135402 

10*135461 

10*135519 

10*135578 

10*135637 

10*135696 

•0*135755 

10*135814 

10*135873 

Cosec. 


Parts Cosine * 

9*867631 1 

l"2 9*867573 ' 

2 4 9*867515 a 

3 6 9*867457 t 

4 8 9 867399 a 

6 10 9*867341 i 
6 12 9*867283 A 

7 14 9-867225 A 

815 9-867167 A 

9 17 9-867109 A 

10 ly 9*867051 A 

11 21 9-866993 i 
1223 9"866935 ' 
1325 9*866877 : 
14 27 9*866819 : 
1529 9*866761 ; 
16 3 1 9*866703 5 
1733 9*866644 * 
1835 9*866586 •, 

19 37 9*866528 ; 

20 39 9*866470 ! 

21 41 9*866412 
2243 9*866353 

2344 9*866295 

2446 9*866237 

2548 9*866179 

26 50 9*866i2o 

27 52 9*866062 

28 54 9*866004 
2956 9*5^65945 
30 58 9*865887 

1 2 9*865828 , 

2 4 9-865770 , 

3 6 9*805712 i 

4 8 9*865653 

5 10 9’865595 ; 
6 12 9*865536 

7 14 9*865478 

816 9*865419 

9 18 9*865361 

10 20 9*865302 

11 21 9*865244 
1223 9*865185 
1325 9*865126 
1427 9*865068 
1529 9*865009 
1631 9*864950 
1733 9*864892 
1835 9*864833 
1937 9*864774 
2039 9*864716 
2141 9*864657 
2243 9*864598 

2345 9*864539 

2447 9*864481 

2549 9*864422 
2651 9*864363 
2753 9*864304 
2855 9*864245 

29 57 9*864186 

30 59 9*864127 

Parts Sine 
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TABLE 68 


^ ?■ Sine 

0 0 9*833783 

30 2 9*833851 

1 4 9*8339*9 

30 0 9*833986 

2 8 9*834054 

30 10 9*834122 

3 12 9*834189 

30 II 9*834257 

4 ifl 9*834325 

30 18 9*834392 

5 20 9*834460 

30 22 9*834527 

6 24 9*834595 

30 2fl 9*834662 

7 28 9*834730 

30 30 9*834797 

8 32 9*834865 

30 34 9 * 8 349 3 a 

9 36 9*834999 

30 38 9*835067 

10 40 9*835134 

30 42 9*835201 

11 44 9*835269 

30 46 9*835336 

12 48 9*835403 

30 50 9*835471 

13 52 9*835538 

30 54 9*835605 

14 56 9*83567^ 

30 65 9*835739 

16 S 3 9*835807 

30 2 9*835874 

16 4 9*835941 

30 6 9*836008 

17 8 9*836075 
30 10 9*836142 

18 12 I 9*836209 

30 14 9*836276 

19 16 9*836343 

30 18 9-836410 

20 20 9*836477 

30 22 9*836544 

21 24 I 9*836611 

30 26 9*836678 

22 ‘28 9*836745 

30 30 9*836812 

23 32 9*836878 

30 34 9 * 836<)45 

24 36 9*837012 

30 38 9*837079 

25 40 9*837146 

30 42 9*837212 

26 44 9*837279 

30 46 9*837346 

27 48 9*837412 

30 50 9 * 8 j 7479 

28 52 9*837546 

30 54 9*837612 

29 56 9*837679 

SO 58 9*837746 

30 __ ^ 9*837812 

' m. Cosine 


’ Cosec. 
10*166217 
10*166149 
10*166081 
lo* 166014 
10*165946 
10*165878 
10*165811 
10*165743 
10*165675 
10*165608 
10*165540 
10-165473 
10*165405 
10*165338 
10*165270 
10*165203 
10*165135 
10*165068 
10*165001 
10*164933 
10*164866 
10*164799 
10*164731 
10*164664 
10*164597 
10*164529 
10*164462 
10*164395 
10*164328 
10*164261 
10*164193 
10*164126 
10*164059 
10*163992 
10*163925 
10*163858 
10*163791 
10*163724 
10*163657 
lo* 163590 
lO* 163523 
10*163456 
10*163389 
10-163322 
10*163255 
10*163188 
lO* 163122 
10*163055 
10*162988 
10*162921 
10*162854 
10*162788 
10*162721 
10*162654 
10*162588 
10*162521 
10*1624541 
10*162388 
10*162321 
; 10*162254 
10*162188 


LOG. SINES, COSINES, &c 
43 ^ 

I Tangent I Parts I Cotanir. f 


Tani^nt 
9*969656 
9*969783 
9*969909 
9-970036 
9*970162 
9*970289 
9*970416 
9-970542 
9-970669 
9*970796 
9-970922 : 
9-971049 
9-971175 
9*971302 ; 
9*971429 ; 
9*971555 i 
9*971682 1 
9*971808 ! 
9*971935 1 
9*972062 1 
9*972188 * 

9*972315 ‘ 

9*972441 i 
9*972568 i 
9*972695 1 
9*972821 i 
9*972948 1 
9*973074 i 
9*973201 i 
9-973327 i 
9*973454 * 
9*973581 

9-973707 

9*973834 

9-973960 

9*974087 

9*974213 

9*974340 

9-974466 

9*974593 

9*974720 

9*974846 

9*974973 

9-975099 

9*975226 

9*975352 

9*975479 

9*975605 

9*975732 

9*975858 

9*975985 

9*976111 

9*976238 

9-976364 

9*976491 

9*976617 

9*976744 

9*976870 

9*976997 

9*977123 

9*977250 

Cotang. 


Cotang. 
10*030344 
. 10-030217 
; 10-030091 
; 10*029964 
' 10*029838 
10*029711 
: 10*029584 

• 10*029458 
. 10*029331 
; 10*029204 
, 10*029078 
I 10*028951 

10*028825 
: 10*028698 
I 10*028571 
10*028445 
10-028318 
10*028192 
10*028065 
10*027938 
. 10*027812 
I 10*027685 
10*027559 
10*027432 
10*027305 
10*027179 
I 10*027052 
, 10*026926 
10*026799 
10*026673 
10*026546 
. 10*026419 
10*026293 
10*026166 
10-026040 
10*025913 
10-025787 
' 10*025660 
. 10*025534 
: 10*025407 
, 10-025280 

• 10-025154 
10*025027 

; 10*024901 
I 10-024774 
; 10*024648 
1 10*024521 
i 10*024395 

> 10*024268 

> 10*024142 
10-024015 

f 10*023889 
[ 10*023762 
r 10*023636 
[ 10*023509 
; 10*023383 
) 10*023256 
10*023130 
J 40*023003 
i 10*022877 
5 10*022750 

s Tangent 


' Secant 

110*135873 

10*135931 
10*135990 
10*136049 
10*136108 
10*136167 
10*136226 
10*136285 
10*136344 
10*136403 
10*136462 
10*136522 
10*136581 
10*136640 
10*136699 
10*136758 
10*136817 
10*136876 
10*136936 
10*136995 
10*137054 
10*137113 
10*137173 
10*137232 
10*137291 
10*137350 
io**i374io 
10*137469 
10*137529 
10*137588 
10*137647 
10*137707 
10*137766 
10*137826 
10*137885 
10*137945 
10*138004 
10*138064 
10*138123 
10*138183 
10*138242 
10*138302 
10*138362 
10*138421 
10*138481 
10*138541 
10*138600 
10*138660 
10*138720 
10*138779 
1 0*138839 
10*138899 
10*138959 
10*139019 
10*139078 
lo* 139138 
10*139198 
10*139258 
10*139318 
10*139378 

IQ* 1 39438 . 

Cosec. 


Parts Cosine 

9*864127 8 
1^'2 9*864069 58 

2 4 9*864010 56 

3 6 9*863951 54 

4 8 9*863892 52 

5 10 9*863833 50 

6 12 9*863774 48. 

7 14 9*863715 46 

8 16 9*863656 44 

9 18 9*863597 42 


2039 9*862946 
2141 9*862887 


2651 9*862590 
27 53 9*862531 
285s 9*862471 

29 57 9*862412 

30 59 9-^62353 
I 2 Q-86220'? 


12 24 9*861638 


23 46 9*86098 1 


2652 9*860802 
27 54 9*860742 
2856 9-860682 
2958 9*860622 
30 60 9 860562 

Parts Sine 


40 

65 

38 

30 

36 

54 

34 

30 

32 

53 

30 

30 

28 

52 

26 

30 

24 

51 

22 

30 

20 

50 

18 

30 

10 

40 

14 

30 

12 

4« 

10 

3(1 

8 

47 

6 

30 

4 

40 

2 

30 

7 

45 

58 

30 

56 

44 

54 

30 

52 

43 

50 

30 

48 

42 

40 

30 

44 

41 

42 

30 

40 

40 

38 

30 

36 

30 

34 

30 

32 

38 

30 

30 

‘28 

37 

♦20 

30 

*24 

38 

-2-2 

30 

*20 

35 

18 

30 

16 

34 

14 

30 

12 

33 

10 

30 

8 

3-2 

6 

30 

4 

31 

•2 

30 

0 

30 , 

zn. 

■ }Tf 



TABLE 68 
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LOG. SINES, COSINES, &c. 


I 9*837812 
I 9*837879 
t ^*837945 
( 9*838012 
I 9*838078 

I 9*838145 

: 9*838211 
i 9*838278 

i 9*838344 

9*838410 

9*838477 

9*838543 

9*838610 

9*838676 

9*838742 

9*838808 

9*838875 

9*838941 

9*839007 

9*839073 

9*839140 

9*839206 

9*839272 

9*839338 

9*839404 

9*839470 

9*839536 

9*839602 

9*839668 

9*839734 

9*839800 

9*839866 

9*839932 

9*839998 

9*840064 

9*840130 

9*840196 

9*840262 

9*840328 

9*840393 

9*840459 

9*840525 
9*840591 
9*840657 
9*840722 
9*840788 
9*840854 
9*840919 
9*840985 
9*841051 
9*8411 16 
9*841182 
9*841247 
9*841313 
9*841378 
9*841444 
9*841509 

9*841575 

9*841640 

9*841706 

9*841771 


Parts Cosec. 
10* 162188 
1" z 10*162121 

2 4 10*162055 

3 7 10*161988 

4 9 10*161922 
5 II 10*161855 
6 13 10*161789 
7 15 10*161722 
8 17 10*161656 
920 10*161590 

IO22 10*161523 
11 24 10*161457 
1227 10*161390 
1329 10*161324 

14 3 1 10*161258 

15 33 10*161192 
1635 10*161125 

17 37 10*161059 
1840 10*160993 
1942 10*160927 
2044 10*160860 
2146 10*160794 
2248 10*160728 
2351 10*160662 
2453 10*160596 
2555 10*160530 
2657 10*160464 
2760 10*160398 
2862 10*160332 
2964 10*160266 
30 66 10*160200 

1 2 10*160134 

2 4 10*160068 

3 7 10*160002 

4 9 10*159936 

5 II 10*159870 
613 10*159804 
7 15 10*159738 
8 17 10*159672 
9 20 10*159607 

10 22 10-159541 
11 24 10*159475 
1226 10*159409 
1329 10*159343 
1431 10*159278 
1533 *0*159212 
1635 10*159146 
1737 10*159081 

18 39 10*159015 
1942 10*158949 
20 44 10*158884 
2146 10*158818 
2248 10*158753 
2351 10*158687 
2453 10*158622 
2555 10*158556 
2657 10*158491 
27 59 10*158425 
2861 10*158360 
2964 10*158294 
30 66 10*158229 


Tangent 

9*977250 

9*977377 

9*977503 

9*977630 

9*977756 

9*977882 

9*978009 

9*978135 

9*978262 

9*978388 

,9:978515 

9-978641 

9*978768 

9*978894 

9*979021 

9*979147 

9*979274 

9*979400 

9*979527 

9*979653 

9*979780 

9-979906 

9*980033 

9*980159 

9*980286 

9*980412 

9-980538 

9*980665 

9*980791 

9*980918 

9*981044 

9*981171 

9*981297 

9*981424 

9*981550 

9*981677 

9*981803 

9*981929 

9*982056 

9*982182 

9*982309 

9*982435 

9*982562 ' 
9*982688 : 
9*982814 : 
9*982941 
9*983067 
9*983194 
9*983320 
9*983447 

9*983573 ■ 
9*983699 ■ 

9*983826 1 
9*983952 ! 
9-984079 1 
9-984205 ! 
9*984331 ! 
9*984458 ! 
9*984584 : 
9*984711 t 
9*984837 ^ 


3 Cotang. 
10*022750 
10*022623 
8 10*022497 
} 10*022370 
7 10*022244 
I 10*022118 
; 10*021991 
) 10*021865 
|. 10*021738 
I 10*021612 
I 10*021485 
) 10*021359 
[ 10*021232 
; 10*021106 

> 10*020979 
; 10*020853 
r 10*020726 
i 10*020600 

> 10*020473 

> 10*020347 

P 10*020220 

) 10*020094 
[ 10*019967 
' 10*019841 
[ 10*019714 
; 10*019588 
) 10*019462 
^ 10-019335 
I 10*019209 
10*019082 
10*018956 
10*018829 
10*018703 
10*018576 
10*018450 
10*018323 
10*018197 
10*018071 
10*017944 
10*017818 
10*017691 
10*017565 
10*017438 
10*017312 
10*017186 
10*017059 
10*016933 
10*016806 
io*oi668o 
10*016553 
10*016427 
10*016301 
10*016174 
10*016048 
10*015921 
10*015795 
10*015668 
10*015542 
10*015416 
10*015289 
10*015163 


Secant 

10*139438 

10*139498 

*0*139558 

10*139618 
10*139678 
10*139738 
10*139798 
10*139858 
10*139918 
10*139978 
10*140038 
10*140098 
110*140158 
10*140219 
10*140279 
10*140339 
10*140399 
10*140459 
10*140520 
10*140580 
10* 140640 
10*140700 
10*140761 
10*140821 
10*140881 
10*140942 
10*141002 
10*141063 
10*141123 
10*141183 
lo* 141244 
10*141304 
10*141365 
10*141425 
10*141486 
10*141546 j 
10*141607 
lO* 141668 
lO* 141728 
lO* 141789 
10*141849 
10*141910 
10*141971 
10*142032 
10*142092 
10*142153 
10*142214 
10* 142274 
10*142335 
10*142396 
10*1424 57 
10*142518 
10*142578 
10*142639 
10*142700 
10*142761 
10*142822 
10*142883 
10*142944 
10*143005 
10*143066 


Cosec. 


Parts Cosine 
9*860562 
1" 2 9*860502 

2 4 9*860442 

3 6 9*860382 

4 8 9*860322 

5 10 9*860262 

6 12 9*860202 

7 14 9*860142 

8 16 9*860082 

9 18 9*860022 

10 20 9*8 59962 

11 22 9*859902 

12 24 9*859842 

13 26 9*859781 

14 28 9-859721 

15 30 9*859661 

16 32 9*859601 

17 34 9*8595+1 

18 36 9*859480 
1938 9*859420 

20 40 9-859360 
2142 9*859300 

2244 9*859^39 
2346 9*859179 
2448 9*859119 
25 50 9*859058 

2652 9*858998 
27 54 9*858937 
2856 9*858877 
29 58 9*858817 

3060 9*858756 

1 2 9*858696 

2 4 9*858635 

3 6 9*858575 

4 8 9*858514 

5 10 9*858454 
6 12 9*858393 

7 14 9*8583351 

8 16 9*858272 

9 18 9*85821 1 
IO20 9-858151 
11 22 9*858090 
1224 9*858029 
1326 9*857968 
1428 9*857908 

15 30 9*857847 

16 32 9*857786 
1734 9*8577516 
18 36 9*857665 
1938 9*857604 

2040 9*857543 

21 42 9*857482 

2245 9*857422 
2346 9*857361 
2448 9*857300 

2551 9*857239 

2653 9*857178 

27 55 9*857117 

28 57 9*8^7056 

2959 9*856995 

3061 9*856934 


Parts Sine 




TABLE 68 


30 

42 

11 

44 

30 

46 

12 

48 

30 

50 

13 

52 

30 

54 

14 

66 

30 

58 

15 

57 

30 

2 

16 

4 

30 

6 

17 

8 

30 

10 

18 

12 

30 

14 

19 

16 

30 

18 

20 

20 

30 

22 

21 

24 

30 

26 

22 

*28 

30 

30 

23 

32 

30 

34 

24 

36 

30 

38 

25 

40 


9*841771 


10*158229 

9*984837 



10*015163 

9*841837 

1'' 2 

10-158163 

9*984964 

1' 

' 4 

10*015036 

9*841902 

2 4 

10*158098 

q*q 8 so 90 

2 

8 

10*014910 

9*841967 

3 7 

10*158033 

9-985216 

3 

13 

10*014784 

9*842033 

4 9 

10*157967 

9*985343 

4 


10*014657 

9*842098 

5 1 1 

10*157902 

9*985469 

5 

21 

10-014531 

9*842163 

613 

10*157837 

9*985596 

6 

^5 

10*014404 

9*842220 

7 15 

10*157771 

9-985722 

7 

29 

10*014278 

9*842294 

817 

10*157706 

9-985848 

8 

34 

10*0141 5a 

9*84^359 

9 20 

10*157641 

9-985975 

9 

38 

10*014025 

9*842424 

10 22 

10*157576 

9-986101 

10 

42 

10*013899 

9*842490 

11 24 

10*157510 

9*986228 

11 

46 

10-013772 

9*842555 

1226 

10*157445 

9*986354 

12 

51 

10*013646 

9*842620 

1328 

5 

00 

0 

9-986480 

13 

55 

10*013520 

9*842685 

14 30 

10*157315 

9*986607 

14 

59 

10*013393 

9*842750 

*•'■>33 

10*157250 

9*986733 

15 

63 

10*013267 

9*842815 

'«35 

10*157185 

9*986860 

16 

67 

10*013140 

9*842880 

17 37 

10*157120 

9*986986 

17 

72 

10*013014 

9*842946 

18 39 

10*157054 

9*987112 

18 

76 

10*012888 

9*843011 

1941 

10*156989 

9-987239 

19 

80 

10*012761 

9*843076 

2043 

10*156924 

9*987365 

20 

84 

10*012635 

9*843141 

21 46 

10*156859 

9*987491 

21 

88 

10*012509 

9*843206 

2248 

10*156794 

9-987618 

22 

93 

10*012382 

9*843271 

23 50 

10*156729 

9*987744 

23 

97 

10*012256 

9*843336 

24 52 

10*156664 

9*987871 

24 

lOI 

10*012129 

9*843401 

25 54 

10-156599 

9*987997 

25 

105 

10*012003 

9*843466 

26 56 

10*156534 

9*988123 

26 

109 1 

t-^ 

00 

p 

b 

9*843530 

27 59 

10*156470 

9*988250 

27 114 

10*011750 

9*843595 

28 61 

10*156405 

9*988376 

28 

118 

10*011624 

9*843660 

2963 

10*156340 

9*988503 

29 122 

10*01 1497 

9*843725 

3065 

10*156275 

9*988629 

30 

126 

10*011371 

9*843790 

1 2 

10*156210 

9*988755 

1 

4 

10*011245 

9*843855 

2 4 

10*156145 

9*988882 

2 

8 

10*011118 

9*843919 

3 6 

10*156081 

9*989008 

3 

13 

10*010992 

9*843984 

4 9 

10*156016 

9*989134 

4 

17 

10*010866 

9*844049 

5 11 

10*155951 

9*989261 

5 

21 

10*010739 

9*844114 

613 

10*155886 

9-989387 

6 

25 

10*010613 

9*844178 

7 15 

10*155822 

9*989513 

7 

29 

10*010487 

9*844243 

817 

10*155757 

9-989640 

8 

34 

10*010360 

9*844308 

9 19 

10*155692 

9*989766 

9 

38 

10*010234 

9*844372 

10 21 

10*155628 

9-989893 

10 

42 

10*010107 



9-844437 

9*844502 

9*844566 

9*844631. 

9*844696 

9*844760 

9*844825 

9*844889 

9*844954 

9*845018 

9*845083 

9*845147 

9*845211 

9*845276 

9*845340 

9*845405 

9*845469 

9*845533 

9*845598 

9*845662 

• Cosine 


10*155563 

10*155498 

10*155434 

10*155369 

10*155304 

10*155240 

10*155175 

10*155111 

10*155046 

10*154982 

10*154917 

10*154853 

10*154789 

10*154724 

10*154660 

10*154595 

10*15453* 

10*154467 

10*154402, 

10*154338 

Secant 


9*990019 

9*990145 

9*990272 

9*990398 

9*990524 

9*990651 

9*990777 

9*990903 

9*991030 

9*991156 


9*991283 

9*991409 

9 * 99^535 

9*991662 

9*991788 

9*991914 

9*992041 

9*992167 

9*992293 

9*992420 


10*009981 

10*009855 

10*009728 

10*009602 

10*009476 

10*009349 

10*009223 

10*009097 

10*008970 

10*008844 


10*008717 

10*008591 

10*008465 

10*008338 

10*008212 

10*008086 

10*007959 

10*007833 

10*007707 

10*007580 

Tangent 


10*144351 
10*144412 
10*144474 
10*144535 
10*144596 
10*144658 
10*144719 
10*144781 
lo* 144842 
10*144904 


10*144965 
10*145027 
10* 1450S9 
10*1451 50 
10*145212 
10*145273 
10*145335 
10*145397 
10*145458 
10*145520 
10*145582 
lO* 145644 
10*145705 
10*145767 
10*145829 
10*145891 
10*145953 
10*146014 
10*146076 
10*146138 


10*146200 
10*146262 
10*146324 
10*146386 
10 * 146448 
10*146510 
10*146572 
10*146634 
10*146696 
10*146758 

Coaec. 


t 9*855649 
; 9*855588 
r 9*8555^6 

> 9*855465 

t 9*855404 

t 9*85534^ 
; 9*855281 
r 9*855^19 

) 9*855158 
[ 9*855096 


- 9*855035 
■ 9*854973 

. 9*854911 
! 9*854850 

> 9 854788 
i 9*854727 
^ 9*854665 
i 9*854603 

> 9*85454^ 

f 9*854480 
t 9*854418 
; 9*854356 

r 9*854295 

1 9*854233 

f 9*854171 
! 9*854109 
; 9*854047 

r 9*853986 

> 9*853924 

[ 9*853862 


[ 9*853800 

: 9*853738 

r 9*853676 

} 9*853614 
f 9*853552 
^ 9*853490 

i 9*853428 
I 9*853366 

> 9*853304 
1 9*853242 
3 Sine 









table G8 
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m. 

"air 

w 

30 

2 

31 

4 

30 1 

0 

32 1 

8 

30 

10 

33 

12 

30 

14 

34 

10 

30 

18 

36 

20 

30 

22 

36 

24 

30 

26 

37 

2 S 

30 

30 

38 

32 

30 

34 

39 

30 

30 

38 

40 

40 

30 

42 

41 

44 

30 

46 

42 

48 

30 

so 

43 

52 

30 

54 

44 

no 

30 

58 

45 

59 

30 

2 

46 

4 

30 

6 

47 

B 

30 

10 

48 

12 

30 

14 

49 

iO 

30 

18 

50 

20 

30 

22 

51 

24 

30 

26 

52 

28 

30 

30 

53 

32 

30 

34 

54 

36 

30 

38 

55 

40 

30 

42 

56 

44 

30 

46 

57 

48 

30 

50 

68 

52 

30 

54 

69 

56 

30 

58 

60 



Sine 

Parts 

Cosec. 

9*845662 


10*154338 

9*845726 

1" 2 

10*154274 

9*845790 

2 4 

10*154210 

9-845855 

3 6 

10-154145 

9*845919 

4 8 

10*154081 

9*845983 

5 10 

10*154017 

9*846047 

6 13 

10*153953 

9*846111 

715 

10*153889 

9*846175 

817 

10*153825 

9*846240 

9 19 

10*153760 

9*846304 

10 21 

10*153696 

9*846368 

11 23 

10*153632 

9*846432 

1226 

10*153568 

9*846496 

13 28 

10*153504 

9*846560 

14 30 

10*153440 

9*846624 

1532 

10*153376 

9*846688 

1634 

10*153312 

9*846752 

1736 

10*153248 

9*846816 

18 38 

10*153184 

9*846880 

1940 

10*153120 

9*846944 

20 42 

10*153056 

9*847008 

2145 

10*152992 

9*847071 

2247 

10*152929 

9 ‘ 847 I 35 

2349 

10*152865 

9*847199 

24 51 

10*152801 

9*847263 

2553 

10*152737 

9*847327 

2655 

10*152673 

9*847391 

27 58 

10*152609 

9*847454 

28 60 

10*152546 

9*847518 

2962 

10*152482 

9*847582 

30 64 

10*152418 

9*847646 

1 2 

10*152354 

9*847709 

2 4 

10*152291 

9*847773 

3 6 

10*152227 

9*847836 

4 8 

10-152164 

9*847900 

5 II 

10-152100 

9*847964 

6 13 

10*152036 

9*848027 

7 15 

10-151973 

9*848091 

817 

10*151909 

9-848155 

9 19 

10-151845 

9*848218 

IO21 

10*151782 

9*848282 

11 23 

10*151718 

9*848345 

1225 

10*151655 

9*848409 

1328 

10*151591 

9*848472 

14 30 

10*151528 

9*848535 

15 32 

10*151465 

9*848599 

1634 

10*151401 

9*848662 

1736 

10*151338 

9*848726 

18 38 

10*151274 

9*848789 

1940 

10*151211 

9*848852 

2043 

10*151148 

9*848916 

2145 

10*151084 

9*848979 

2247 

10*151021 

9*849042 

2349 

10*150958 

9*849106 

24 51 

10*150894 

9*849169 

2553 

10*150831 

9*849232 

26 55 

10*150768 

9*849295 

27 57 

10*150705 

9*849359 

28 60 

10*150641 

9*849422 

29 62 

10*150578 

9*849485 

30 64 

10*150515 


Tangent 

9-99x420 

9*992546 

9*992672 

9*992799 

9*992925 

9*993051 

9*993178 

9*993304 

9*993430 

9 ‘ 993 S 57 
9 * 993^^3 1 
9*993810 ] 
9*993936 ] 
9*994062 ] 
9*994189 ] 

9*994315 ’ 

9*994441 1 
9*994568 1 
9*994694 1 
9*994820 1 
9*994947 " 
9*995073 5 
9-995199 5 
9*995326 5 
9*995452 5 
9*995578 5 
9*995705 5 
9*995831 ^ 


9*996084 


9*996336 

9*996463 

9*996589 

9*996715 

9*996842 

9*996968 

9-997094 

9-997221 

9*997347 

9*997473 

9*997600 

9*997726 

9*997852 

9*997979 

9*998105 

9*998231 

9*998358 

9-998484 

9*998610 

9*998737 


9*998863 

9*998989 

9*999116 

9*999242 

9*999368 

9*999495 

9*999621 

9*999747 

9*999874 

10*000000 


; I Cotang. 

10*007580 
. 10*007454 
! 10*007328 
; 10*007201 
' 10*007075 
10*006949 
; 10*006822 
I 10*006696 
. 10*006570 
: 10-006443 
, 10*006317 
I 10*006190 
10*006064 
; 10*005938 
I 10*00581 1 
, 10*005685 
10*005559 
10*005432 
10*005306 
I 10*005180 
. 10*005053 
10*004927 
10*004801 
10*004674 
10*004548 


10*004295 

10*004169 

10*004043 

10*003916 


. 10*003664 
: 10*003537 
10*003411 
10*003285 
10*003158 j 
10*003032 
10*002906 
10*002779 
10*002653 
10*002527 
10*002400 
10*002274 
10*002148 
10-002021 
10*001895 
10-001769 
10*001642 
i 10*001516 
> 10*001390 
. 10*001263 


10*001137 
10*001011 
10*000884 
10*000758 
10*000632 
> 10*000505 
j. 10*000379 
I 10*000253 
10*000126 
i 10*000000 



IP* 149947 
10*150010 
10*150073 
10*150136 
10*150199 
10*150262 
10*150326 
10*150389 
10*150452 
10*150515 


9*850053 

9*849990 

19*849927 

9*849864 

9*849801 

9*849738 

9*849674 

9*849611 

9*849548 

9*849485 
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TABLE 69 


LOG. OF THE SQUARE OF THE SINE 


OP HALF THE ARC. 



0^ 15^ I 3Q;^ 45 ' 

0h Qm Qh jlir] Qh 2m 0** 3'" 


i*izia7 

1*71333 

2*07552 

2*32539 
2*51921 
2*67757 
2*8iia7 
2*92745 
3*02976 
3*12 127 
3*20406 
3*27963 
3*34916 

3*41353 

3*47345 

3*52951 

3*58217 

3*63182 

3*67878 

3*71333 

3*76571 

3*8o6i2 

3*84473 

3*88169 

3*91715 

3*95122 

3*98400 

4*01559 

4*04607 


4-67757 

4*69193 

4*70605 

4*71995 

4*73363 

4*74710 

4*76036 

4*77341 

4*78629 

4*79897 

4*81147 

4*82379 

4*83594 

4*84792 

4*85973 

4*87139 

4*88290 

4*89425 

4*90546 

4*91653 

4*92745 

4*93814 

4*94890 

4*95943 

4*96983 

4*98011 

4*99017 

5*00031 

5*01024 

5*02005 




4-31539 

4*34684 

4*36777 

4*38821 

4*40818 

4*41770 

4*44679 

4*46547 

4*48375 

4*50166 


5*12127 

5*12991 

5*13847 

5*14694 

5*15534 

5*16365 
5*17188 
5*18004 
5* 18812 
5*19612 


5*88168 07550 
5*88530 07839 
5*88889 0^[?127 
5*89247 08414 
5*89604 08700 

5*89959 08985 

5*90313 09270 
5*90665 09553 
5*91016 09836 
5*91366 10117 


5*91714 10398 
5*92061 10677 
5*92406 10956 
5*92750 11234 
5*93093 II51I 
5*93434 11787 

5*93774 12063 
5*94113 12337 
5*94450 12611 
5*94786 12883 
5*95121 13155 
5*95454 1342^6 
5*95786 13696 
5*96117 13966 
5*96447 14234 
5-96775 14502 
5*97102 14769 
5*97428 15035 
5*97753 15300 
5*98076 15564 


5*98399 15828 
5*98720 16091 
5*99040 16353 
5*99358 16614 
5*99676 16874 
5*99992 17134 
6*00308 17393 
6*00622 17651 
6*00935 179^ 
6*01247 18165 


6*01557 18421 
6*01867 18676 
6*02176 18930 
6*02483 19184 
6*02789 19437 
6*03095 19689 
6*03399 19940 
6*03702 Z0191 
6*04004 20441 
6*04305 20690 


23385 36774 

23626 36980 
23866 37186 
24106 37392 
24345 37597 
24583 37802 
24821 38006 
25058 38209 
25294 38412 
25530 38615 


25765 38817 
25999 39019 
26233 39220 
26466 39421 
26699 39622 
26931 39821 
27162 40021 
27393 40220 
27623 40418 
27852 40616 


28081 40814 
28309 4101 1 
28537 41208 
28764 41404 
28991 41600 
29217 41795 
29442 41990 
29667 42185 
29891 42379 
301 14 42573 


30337 42766 

30560 42959 
30781 43151 
31003 43343 
31223 43534 
31444 43726 
31663 43916 
31882 44106 
32101 44296 
32319 44486 


32536 44675 

32753 44863 

32969 45052 

33185 45239 

33400 45427 
33615 45614 
33829 45800 

34043 45986 

34256 46172 
34469 46358 


48371 58600 
48552 58761 
48732 58921 
48912 59081 
49092 59241 

49271 59401 
49450 59560 
49628 59719 
49807 59878 
49984 60036 


50162 60194 
50339 60352 
50516 60509 
50692 60666 
50868 60823 
51044 60980 
51219 61136 
51394 61292 
51568 61448 
51743 61604 


51916 61759 
52090 61914 
52263 62068 
52436 62223 
52608 62377 
52780 62531 
52952 62684 
53124 62838 
53295 62991 
53466 63143 


53636 63296 
53806 63448 
53976 63600 
54146 63752 
54315 63903 
54484 64054 
54652 64205 
54820 64356 
54988 64506 
55156 64656 


55323 64806 
55490 64956 
55656 65105 
55823 65254 
55988 65403 
56154 65552 
56319 65700 
56484 65848 
56649 65996 
56813 66144 


67751 

67895 

68040 

68184 

68328 

68471 

6£6i5 

68758 

68901 

69044 


69186 10 
69328 1) 
69470 12 
69612 13 
69754 14 
69895 15 
70036 IG 
70177 17 
70318 18 
70458 10 
70598 20 
70738 21 
70878 22 
71017 23 
71157 24 
71296 25 
71435 2G 
71573 27 
71712 28 
71850 29 
71988 30 
72125 31 
72263 32 
72400 33 
72537 134 
72674 
72811 
72947 

73084 

73220 




















TABLE 69 


783 


LOG. SINE SQUARE 


0h ||tn Oh 12™ Oh 13™ Oh 14™ Qh 15™ Oh Ifi™ Oh 17™ O'* 18™ 0*' 19™ o'* 20™ Oh 21™ 


6*96970 

6*97073 

6.97176 

6*97279 

6*97382 

6*97485 

697588 

6*97690 

6*97793 

6-97895 

6*97997 

698099 

6*98201 

6*98303 

6*98405 

6*98506 

6*98608 

6*98709 

6*98811 

6*98912 


6*99013 

6*99114 

6*99214 

6*99315 

6*99416 

6*99516 

6*99616 

6-99717 

6*99817 

6-99917 



7*01990 

7*02088 

7*02185 

7*02282 

7*02379 

7*0247^ 

7*02573 

7*02670 

7*02767 

7*02864 
















- 7S4 


TABLE G9 


LOO. SINE SQUARE 


6° 

0' 16^ 1 

30^ ! 

46' 

Oh 24'" O'* 25'"! 

O’* 20"* 

O’* 27'" 

7. y. 

43760 47302. 

43820 47360 I 

43880 4741 
43941 47476 

44001 47533 
44061 47591 
44121 47649 
44181 47707 

44241 47764 

44301 47821 

7* 

50706 

50761 

50817 

50872 

50928 

50983 

51039 

51094 

51149 

51205 

7* 

53980 

54034 

54087 

54tffi 

54194 

54247 

54301 

54354 

54407 

54461 

44361 47879 
44420 47936 
44480 47994 
44540 48051 
44600 48 109 
44659 48166 
44719 48223 
44779 48280 

44838 48337 

44898 48395 

51260 

51315 

51370 

51426 

51481 

51536 

51591 

51646 

51701 

51756 

54514 

54567 

54620 

54673 

54727 

54780 

54833 

54886 

54939 

5499^ 


5 0 37514 41315 44957 4845^ 51811 55045 58162 61170 64078 

16 37579 41377 45016 48509 51866 55097 58213 61220 6411.6 

30 37643 41439 45076 48566 519^1 55150 58264 61269 64173 

46 37708 41501 45135 48623 51975 55203 58315 61318 64221 

6 0 3777a 41563 45194 48680 52030 55256 58366 61367 64269 

16 37837 41625 45^54 48737 5^085 55308 58416 61417 64316 

30 37902 41686 45313 48794 5^140 55361 58467 61466 64364 

46 37966 41748 45372 48850 52194 55414 58518 61515 64411 

7 0 38030 41810 45431 48907 52249 55467 58569 61564 64458 

16 38095 41871 45490 48964 52304 55519 58620 61613 64506 

30 38159 41933 4554-9 49021 52358 55572 58670 61662 64553 

46 38223 41994 45608 49077 52413 55624 58721 61711 64601 


3OOW3 J 7 --I £ 

38927 42668 46255 49699 53OII 56201 59277 62248 65120 
38991 42729 46313 49755 53065 56253 59327 62297 65167 



16 

38095 

41871 


30 

38159 

41933 


46 

38223 

41994 

8 

0 

38288 

42056 


16 

38352 

42117 


30 

38416 

42179 


46 

38480 

42240 

9 

0 

38544 

42301 


16 

38608 

42363 


30 

38672 

42424 


46 

38736 

42485 

loT 

0 

38800 

42546 


16 

38863 

42607 


30 

38927 

42668 


46 

38991 

42729 

11 

0 

39054 

42790 


16 

39118 

42851 


30 

39182 

42912 


46 

39245 

42973 

12 

0 

39309 

43034 


16 

39372 

43095 


30 

39435 

43155 


46 

39499 

43216 

13 

0 

39562 

43277 


15 

39625 

43337 


30 

39688 

43398 


45 

39752 

43458 

14 

0 

39815, 

43519 


16 

39878 

43579 


30 

39941 

43639 


45 

40004 

43700 

1 


S 

D. 64. P 
D. 46. P 


Sec. I' 2 ' 3 " 4 ' 6 " 6" T 9" 11" 12' 13" 

D. 64. Parts 4 9 13 17 21 26 30 34 38 43 47 5i 55 

D. 46. Parts 36 9 12 15 18 ai 24 27 30 33 36 39 














TABLE 69 


785 


LOG. SINE SQUARE 

9° f 


O^* IIS'" Oh 36'" Oh ay*" O^ so*® oh 39 ”* Oh 40'® oh 4 1 »“ Oh 42'" O’* 43'® 




30 

71822 1 

74398 

76898 

45 

71866 1 

74440 

76940 

0 

71909 

74482 

76981 

15 

71953 

74524 j 

77022 

30 

71996 

745^7 1 

77063 

45 

72040 

74609 

77104 

0 

72083 

74651 

77145 

15 

72126 

74693 

77186 

30 

72170 

74735 

77227 

45 

72213 

74777 

77267 

0 

72257 

74819 

77308 

15 

72300 

74861 

77349 

30 

7^343 

74904 

77390 

45 

7^387 

74946 

77431 

■1 

72430 

74988 

1 77472 

15 

7 H 73 

75030 

77513 

BUI 

72516 

75072 

77553 

45 

72560 

75114 

77594 

Kl 

72603 

75155 

77635 

15 

72646 

75197 

77676 

30 

72689 

75239 

77716 

45 

72732 

75281 

77757 

0 

7277s 

75323 

77798 

15 

72818 

75365 

77838 

30 

72861 

75407 

77879 

45 

72904 

75448 

77920 


72947 

75490 

77960 


72990 

75532 

7 8001 


73033 

75574 

78041 


73076 

75615 

78082 

0 

73119 

75657 

78122 

15 

73162 

75699 

78163 

30 

73205 

75740 

78203 

45 

7324.3 

75782 

78244 

0 

73291 

1 75824 

78284 

15 

73334 

75865 

78325 

30 

73377 

75907 

78365 

m 

73419 

75948 

78405 

Kl 

73462 

75990 

78446 

Da 

73505 

76031 

78486 























TABLE 69 


LOO. SINE SQUARE 
1 12 ° 


1 5 ^ 'IW 

OJi 44M1 45111 oil 4om 

7*9 8^0 

63146 7*982604 01632 
63474- 7*9829^5 01945 
63801 7*983245 02259 
64129 7*983565 02572 
6445717*983886 028S6 
64784 7*984206 03199 
65111 7*984526 03512 

65439 7*984846 038^5 

65766 7*985166 04137 
66093 7*985485 04450 


66420 7*985805 04763 
66746 7*986124 05075 
67073 7*986443 05388 
67399 7*986762 05700 
67726 7*987082 06012 
68052 7*987400 06324 
68378 7*987719 06636 
68704 7*9<S8o38 06947 
69030 7*988357 07259 
69355 7*988675 07571 


69681 7*988994 07882 
70006 7*989312 08193 
70332 7*989630 08505 
70657 7*989948 08816 
70982 7*990266 09127 
71307 7*990583 09438 
71632 7*990901 09748 
7195617*991219 10059 
72281 7*991536 10370 
72606 7*991853 10680 
72930 7*992171 10990 
73254 7*992488 1 1 300 
73578 7'9928o5 11611 
73902 7*993121 11920 
74226 7*993438 12230 

74550 7*993755 12540 
74873 7*994071 12850 
75197 7*994387 13159! 
75520 7*994704 13469 
75844 7*995020 13778 


76167 7*995336 14087 
76490 7*995652 14396 

76813 7-995968 14705 

77135 7*996283 15014 

77458 7*996599 15323 

77780 7*996914 15631 
78103 7*997230 15940 
78425 7*997545 1624S 
78747 7*997860 16557 
79069 7-998175 16865 


79391 7*998490 17173 
79713 7*998804 17481 
80035 7*999119 17789 
80356 7*999433 18097 
80678 7*999748 18404 
80999 8*000062 18712 
8i32c^ 8*000376 19019 
81641 8*000690 19326 
81962 8*001004 19634 
82283 8*001318 19941 


Oh 47 m ()h 40 '“ 1 0 *' 49 ™ 0 ^ 50 ™ ()•' 31 ™ 0 *^ 52 ™ 01 * 53 ™ 01 * 34 ™ 

To To jTo 8^0 8* T^i 8*1 81 

20248 38469 56312 737921 090922 07717 24190 40352 

20555 38770 56606 74080 091205 07995 24462 40619 

20862 39070 5^00 74368 091487 08272 24734 40886 

21168 39370 57194 74656 091770 08549 25006 41 152 

21475 39670 57488 74944 092052 08826 25277 41419 

21781 39970 57782 75232 092334 09102 25549 41685 

22087 40270 58076 75520 092617 09379 25820 41952 

22394 40570 58370 75808 092899 09655 26091 42218 

22700 40870 58663 76095 093181 09932 26363 42484 

23006 41169 58957 76383 093463 10209 26634 4275 0 

23312 41469 59250 76670 093744 10485 26905 43016 

23617 41768 59543 76958 094026 10761 27176 43282 

23923 42067 59836 77245 094308 11037 27447 43557 

24229 42367 60129 77532 094589 11314 27718 43814 

24534 42666 60422 77819 094871 11590 27989 44080 

24839 42965 60715 78106 095152 11865 28259 44345 

25145 43264 61008 78393 095433 12141 28530 44611 

25450 43562 61301 78680 095714 12417 28800 44876 

^5755 43^61 61593 78967 09599s 1269; 29071 45142 

26060 44159 61886 79253 096276 12968 29341 45407 

26365 44458 62178 79540 096557 13244 29611 45672 

26669 44756 62470 79826 096838 135 19 29882 45937 

26974 45055 62763 80113 097119 13794 30152 46203 

27278 45353 63055 80399 097399 14069 30422 46468 

27583 45651 63347 80685 097680 14345 30692 46732 

27887 45949 63638 80971 097960 14620 30961 46997 

28191 46247 63930 81257 098241 14895 31231 47262 

28495 46^44 64222 81543 098521 15169 31501 47527 

28799 46842 64513 81828 098801 15444 31770 4779M 

29103 47139 64 805 8 2114 099081 15719 32 040 4805 61 

29407 47437 65096 8240a 0993C1 1.5993 32309 48320 

29710 47734 65387 82685 099641 16268 32579 48585 

30014 48031 65679 82970 099921 16542 32848 48849 

30317 48328 65970 83256 100200 16817 33117 49113 

30621 48626 66261 83541 100480 17091 33386149377 
30924 48922 66551 83826 100759 17365 33655 49^411 


101039 

17639 

33924 

101318 

17913 

34193 

IOI597 

18187 

34461 

101876 

18461 

34730 

102156 

18734 

34999 

102434 

19008 

35267 

102713 

19281 

35535 

102992 

19555 

35804 

103271 

19828 

36072 

103549 

20102 

3634“ 

103828 

20375 

36608 

104106 

20648 

36876 

104385 

20921 

37144 

104663 

2IT94I 

37412 ] 

104941 

21467 

37679 

105219 

21739 

37947 

105497 

22012 

38215 

105775 

22285 

38482 

106053 

22557 

38750 

106330 

22829 

39017 

106608 

23102 

39284 

106885 

23373 

39551 

107163 

23645 

39818 

J0744I 

23918 

40085 













TABLE 69 


787 


1 LOO. SINE SQUARE | 


13 ^ 

1 14 ° 

1 15 ° 

1 16 ° 

8. 

45 ' 

0' 

1 15 ' 

30 ' 

1 £ 
if 

1 0 

0' 

15 ' 

30 ' 

4 r/ 

0' 

15 ' 

0 *» 55 '" 

O** 66™ 

Oh 67 ™ 

0 '‘ 58 ™ 

Ih OIU 

1>‘ 1™ 

Ih 2™ 

\h 3ni 

pi 4m 

pi 5m 


/i 

8i 

8-1 

8- 

8*2 

8-2 

8-2 

8-2 • 

8-2 

8-2 

8* 

8-3 


0 

0 

56215 

71788 

187085 

02112 

16879 

31395 

45669 

59708 

73519 

287111 

00488 

0 



56477 

72046 

187337 

02360 

17123 

31635 

45905 

59940 

73748 

287335 

00710 

1 


30 

5673* 

72303 

187590 

02608 

17367 

Wi *75 

46141 

60172 

73976 

282560 

00931 

2 


45 

57000 

72560 

187842 

02856 

17611 

32115 

46376 

60404 

74204 

287784 

01152 

3 

1 

0 

57262 

72817 

188095 

03104 

17854 

32354 

46612 

60636 

74432 

288009 

01373 

4 


15 

575^4 

73074 

188347 

0335a 

18098 

32594 

46848 

60867 

74660 

288233 

01594 

5 


30 

57785 

7333* 

188599 

03600 

18342 

32833 

47083 

61099 

74888 

288458 

01815 

f) 


45 

58046 

735*8 

188851 

03848 

18585 

33073 

47319 

61331 

75116 

288682 

020-^ <: 

7 

2 

0 

58308 

73844 

189104 

04095 

18829 

33312 

47554 

61562 

75344 

288906 

02256 

8 


15 

58569 

74101 

189356 

04343 

19072 

3355a 

47790 

61794 

75572 

289131 

02477 

9 


30 

58830 

74357 

189608 

04591 

i9_3i6 

33791 

48025 

62025 

75800 

289355 

02698 

10 


45 

59091 

74614 

189859 

04838 

19559 

34030 

48260 

62257 

76027 

289579 

02918 

11 

3 

0 

5935a 

74870 

190111 

05086 

1 19802 

34269 

48495 

62488 

76255 

28Q803 

03139 

12 


15 

59613 

75126 

190363 

05333 

20045 

34508 

48730 

62719 

76483 

290027 

03359 

13 


30 

59874 

75382 

190615 

05580 

20288 

34747 

48965 

62951 

76710 

2Q02CI 

03580 

14 


45 

60135 

75639 

190866 

05827 

20531 

34986 

49200 

63182 

76938 

290475 

03S00 

15 

4 

0 

60396 

75895 

191118 

06074 

20774 

35 a 25 

49435 

63413 

77165 

290699 

04021 

IG 


15 

60656 

76150 

191369 

06322 

210T7 

35464 

49670 

63643 

77392 

290922 

04241 

17 


30 

60917 

76406 

191620 

06569 

21263 

35703 

49905 

63875 

77620 

291146 

04461 

18 


45 

61177 

76662 

191872 

06816 

21503 

35941 

56140 

64106 

77847 

291370 

04681 

19 

5 

0 

61438 

00 

192123 

07062 

21745 

36180 

50374 

64337 

78074 

291593 

04901 

20 


15 

61698 

77174 

192374 

07309 

21988 

36418 

50609 

64567 

78301 

291817 

05121 

21 


30 

61958 

774^9 

192625 

07556 

22230 

36656 

50843 

64798 

78528 

292040 

05341 

22 


45 

62218 

77685 

192876 

07803 

22473 

36895 

51078 

65029 

7875s 

292264 

05561 

23 

6 

0 

62478 

77940 

193127 

08049 

22715 

37133 

51312 

65259 

78982 

292487 

057S1 

24 


15 

62738 

78195 

193378 

08296 

22957 

37372 

5*547 

65490 

79209 

292710 

06001 

25 


30 

62998 

7845 * 

193629 

0854a 

23100 

37610 

51781 

6i;720 

79436 

292933 

06221 

2 G 


45 

63258 

78706 

193879 

08788 

2344a 

37848 

52015 

65951 

79662 

293157 

06440 

27 

7 

0 

63518 

78961 

194130 

09035 

23684 

38086 

52249 

66181 

79889 

293380 

06660 

28 


15 

63778 

792 16 

194381 

09281 

23926 

38324 

52483 

66411 

80T16 

293603 

06880 

20 


30 

64037 

79471 

194631 

09527 

24168 

38562 

52717 

66642 

80342 

293826 

07099 

30 


45 

64297 

79726 

194881 

09773 

24410 

38 800 

52951 

66872 

80569 

294049 

07319 

31 

8 

0 

64556 

79981 

195132 1 

100 1 9 

24652 

39038 I 

53185 

6*^102 

80795 

294272 

07538 

32 


15 

64816 

80235 

195382 

10265 

24893 

39 a 75 

53419 

6733a 

81021 

294494 

07757 

33 


30 

65075 

80490 

195632 

10511 

25135 

39513 

53653 

6755a 

81248 

294717 

07977 

34 


45 

65334 

80745 

195882 

10757 

25377 

,39751 

53886 

67792 

81474 

294940 

08 196 

35 

9 

0 

65593 

80999 

196132 

1 1003 

25618 

39988 

54120 

68022 

81700 

295162 

08415 

36 


15 

65852 

81254 

196382 

11248 

25860 

40226 

54354 

68251 

81926 

295385 

08634 

37 


30 

,66111 

81508 

196632 

1 1494 

26101 

40463 

54587 

6848 1 

82152 

295608 

08853 

38 


45 

66370 

81762 

196882 

11739 

26343 

40700 

54820 

68711 

82378 

295830 

09072 

3 !) 

IcT 

"T 

66629 

82016 

J97132 

11985 

26584 

40938 

55054 

68940 

82604 

296052 

09291 

40 


15 

66888 

82260 

197382 

12230 

26825 

41175 

55287 

69170 

82830 

296275 

09510 

41 


30 

67146 

82525 

197631 

12475 

27066 

41412 

55520 

69399 

83056 

296497 

09729 

42 


45 

67405 

82778 

197881 

12721 

27307 

41649 

557 54 

69629 

83282 

296719 

09948 

43 

11 

0 

67663 

83032 

198130 

12966 

27548 

41886 

55987 

69858 

83507 

296941 

10167 

44 


15 

67922 

83286 

198380 

13211 

27789 

42123 

56220 

70087 

[83733 

297164 

10385 

45 


30 

68180 

83540 

198629 

13456 

28030 

42360 

56453 

70317 

S3959 

297386 

10604 

46 


45 

68439 

83794 

I 198878 

13701 

28271 

4 a 597 

56686 

70546 

84184 

297608 

10823 

47 

12 

0 

68697 

84047 

199127 

13946 

28512 

4 a 833 

56919 

70775 

84410 

297830 

11041 

48 


15 

68955 

84301 

199376 

14191 

28752 

43070 

57151 

71004 

84635 

298051 

11260 

49 


30 

69213 

84554 

199625 

14435 

28993 

43307 

57384 

71234 

84S60 

298273 

11478 

50 


45 

69471 

84807 

199874 

146S0 

29234 

43543 

57617 

71462 

85086 

298495 

11696 

51 

13 

0 

69729 

85061 

200123 

H 9 aS 

29474 

I437S0 

57849 

71691 

85311 

298717 

11915 

52 


15 

69986 

853*4 

200372 

15169 

29714 

j 44016 

58082 

71919 

85536 

298938 

12133 

53 


30 

70244 

85567 

200621 

15414 

a 9955 

i 4425a 

58314 

72148 

85761 

299160 

12351 

54 


45 

70502 

85819 

200869 

15658 

30195 

44489 

58547 

72377 

85986 

299381 

12569 

55 

14 

© 

70759 

86070 

401118 

15902 

30435 

447 a 5 

58779 

72606 

86211 

299603 

12787 

66 


15 

71017 

86326 

201366 

16147 

30675 

44961 

59011 

72834 

S6436 

299824 

13005 

67 


30 

71274 

86579 

201615 

16391 

30915 

45197 

59244 

73063 

86661 

300046 

13223 

58 


45 

71531 

86832 

201863 

16635 

3”55 

45433 

59476 

73291 

86886 

300267 

13441 

59 




Sec. 

r 2" 

3 " 4 " 5 " 6" 

r 8" 

9 " w ir 

Tr VA 

\r 15 ' 

■1 


D. 200. 

Parts 

17 35 52 69 87 104 

121 139 156 173 I9I 

208 225 243 260 



D. 220. 

Parts 

15 29 44 59 73 88 

103 117 132 147 161 

176 191 206 220 

■I 
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TABLE 69 


LOO. SINE SQUARE 



Jh I2»n !•> 13™ 14™ Ih 15™ 1** 16™ 

T' Ti T4 T4 T4 

388665 00546 12262 23818 35^18 

388864 00742 12456 24009 35407 

389064 00939 12650 24201 35596 

389263 01135 *^843 ^439^^ 35784 

389462 01332 13037 24583 35973 

389661 01528 13231 24774 36161 

389860 01724 13425 24965 36350 

390059 01921 13618 25156 36538 

390259 02117 13812 25347 36727 

390458 02313 14005 25538 


390657 02510 14199 25729 
390855 02706 14392 25920 
391054 02902 14586 26110 
391253 0309j[ 14779 26301 
391452 03294 14972 26492 
391651 03490 15166 26683 
391849 03686 15359 26873 
392048 03882 15552 27064 
392247 04077 15745 27254 
392445 04273 15938 27445 
392644 04469 16131 27635 

392842 04665 16324 27826 
393040 04860 16518 28016 
393239 05056 16710 28206 
393437 05252 16903 28397 
393635 05447 17096 28587 
393834 05643 17289 28777 
394032 05838 17482 28967 
394230 06033 17674 29157 
394428 06229 17867 2934 7 
394626 06424 18060 29537 
394824 06619 *8252 29727 
395022 06814 18445 29917 
395220 07009 18637 30107 
395418 07205 18830 30297 
395615 07400 19022 30487 
395813 07595 19214 30677 
396011 07790 19407 1^0866 
396209 07985 19599 31056 
396406 08179 ^979 ^ 31246 

3966^ 08374 19983 31435 

396801 08569 20176 '31625 
396999 08764 20368 31814 
397196 08959 20560 32004 
397394 09153 20752 32193 
397591 09348 Z0944 32383 
397788 09542 21136 32572 
397985 09737 21328 32761 
398183 09931 21519 32951 
"80 10126 21711 33140 













TABLE 69 
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LOG. SINE SQUARE 


15 ^ W 45' 

Ih lyni ih Ifin. Ih 19m 



15^ 30^ 

|h .2l«» lh22“‘ 1 


8 * 8*5 
490019 00564 
490196 :g0739 
490373 00914 
490550 01088 
490726 01263 
490903 01437 
491080 01612 
491256 01786 
491433 01961 
491609 02135 
491786 02309 
491962 02483 
492139 02658 
492315 02832 
492492 03006 
492668 03180 
492844 03354 
493021 03528 
493197 03702 
493373 03876 

493549 04050 
493725 04224 
493901 04398 
494077 04572 
494253 04746 
494429 04919 
494605 05093 
494781 05267 
494957 05441 
495133 05614 


495308 05788 
495484 05961 
495660 06135 
495835 06308 
496011 064S2 
496187 06655 
496362 06829 
496538 07002 
496713 07175 
496889 07349 
497064 07522 
497239 07695 
497415 07868 
497590 08041 
497765 08214 
497941 08387 
498116 08560 
498291 08733 
498466 08906 
498641 09079 


15 ^ 30 ' 45 ' 
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TABLE 6. 


£ OG. SINE SQUARE 



22 ° 



2 :i 



24 ° ! 



0' 

15' 

30 ' 

45' 

O' 

15 ' 

30 ' 

45 ' 

0' 

15' 

30 ' 



Ih 28 '“ 

1 '* 20'” 

1 »* 30 "' 

l»' 3 l«' 

Ih 32 ™ 

111 33.11 

111 34m 

1 '' 35™ 

11. 3 (j... 

11. 37.,. 

111 3 Hn. 

S' 


«*5 

8*5 

8*5 

8-5 

8* 

8*6 

T6 

8*6 

8-6 

8-6 

8-6 


0 o' 

61198 

70890 

80471 

89944 

5993” 

08573 

17734 

26795 

35758 

44625 

53399 

0 

15 

61360 

71051 

80630 

90101 

599466 

0^26 

17885 

26945 

35906 

44771 

53545 

1 

30 

61523 

71211 

80789 

90258 

599621 

o8§8o 

18037 

27095 

36055 

44919 

53690 

2 

45 

61685 

7137^ 

80948 

90415 

599776 

09033 

18189 

17145 

36203 

45066 

53836 

3 

1 0 

61847 

7 * 53 ^ 

81106 

90572 

599931 

09187 

18341 

27395 

36352 

45^13 

53981 

4 

16 

62010 

71693 

81265 

90729 

600086 

09340 

18492 

^7545 

36500 

45360 

54126 

5 

30 

62172 

71853 

81424 

90886 

600242 

09494 

18644 

27695 

36649 

45507 

54272 

0 

45 

61334 

72014 

81582 

91042 

600397 

09647 

18796 

27845 

36797 

45654 

54417 

7 

2 0 

i 61497 

72174 

81741 

91199 

600552 

09800 

18947 

27995 

36946 

4S8oi 

54561 

a 


62659 

71334 

81899 

91356 

600707 

09954 

19099 

18145 

37094 

45947 

54707 

{) 


62821 72495 
62983 72655 
63145 72815 
63307 72975 
63469 73136 
63631 73296 

63793 73456 

63055 73616 
64117 73776 

64279 739361 


64441 74096 
64603 74256 

64765 74416 

64926 74576 
65088 74736! 
65250 74896 
65412 75056 

65573 75^15 

65735 75375 
65896 75535 


66058 75695 
66219 75854 
66381 76014 
66542 76173 
66704 76333 
66865 76493 
67027 76652 
67188 76812 

67349 76971 

67510 77130 


67672 77290 
67833 77449 
67994 77609 
68155 77768 
68316 779^7 
68477 78086 
68639 78246 
68880 78405 
68961 78564 
69121 78723 


69282 7S882 

69443 79041 

69604 79200 
69765 79359 
69926 79518 
7008^ 79677 
70257 79836 
70408 79995 
' 70569 80154 
' 70729 80313 




















TABLE 69 


791 



I.OG. SINE SQUARE 

2^ ’“I 

0 ^ 15^ 30^ 0 15^ 

I h 40111 l‘»42»' I h 4:4m I h 44111 11145111 


0' 

15' 

30' 

45' 

0' 

l.V 

|h 44tn 

45"* 

Ih 4(;m 

IMT"' 

|h 4yni 

Ih 41)111 

8*7 

8-7 

8*7 

8-7 

8-7 

8-7 

04176 

1^343 

20431 

2S439 

36571 

44226 

04313 

12479 

20565 

28572 

36502 

44356 

k>445o 

12614 

20699 

28705 

36634 

44486 

04586 

12750 

2c8-^3 

28838 

36765 

44617 

04723 

12885 

20967 

2897a 

36896 

44747 

04860 

13020 

21 lOI 

29103 

37028 

44877 

04996 

13156 

2^1235 

29236 

37159 

45007 

05133 

13291 

21369 

29368 

37291 

4513:* 

05270 

13426 

21503 

29501 

37422 

45268 

05406 

13562 

21637 

29634 

37S54 

45398 


697445 05679 
697583 05816 
697721 05952 
697859 06089 
697997 06225 
698135 06362 
698273 06498 
698410 06635 
698548 06771 
698686 06908 
698823 07044 
698961 07180 
699099 07316 
699237 07453 

699374 075^^9 

699512 07725 
699649 07861 
699787 07998 
699924 08134 


70G062 08270 
700199 08406 
700337 08542 
700474 08678 
700612 08814 
700749 08950 
700886 09086 
70 1024 09222 
701161 09558 
701298 09494 




37816 45658 
37948 457S8 

38C79 45918 
38210 46048 
38341 46178 
3^473 46308 
38604 46438 
38735 46568 
38866 46698 
38997 46828 
39128 46958 
39259 47087 
39391 47217 
39522 47347 
39653 47477 
39784 47607 

39915 47736 

40046 47866 
40177 47996 


40308 48126 
40438 48255 
40569 48385 
40700 48515 
40831 48644 
40962 48774 
41093 48903 
41224 49033 
41354 49162 
41485 49292 
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TABLE 69 


LOG. SINE SQUARE 


|h 62™ Ih 63n‘ I Ih 64“ Ih 65^ I** 1*‘57'" l‘*68“ lh59 



-b - .7350 
59842 67477 
59970 67604 
60098 67730 
60226 67857 
60354 67983 
60481 68110 
60609 ^2^37 
60737 68363 
60864 68490 
60992 68616 
61120 68743 
61247 68869 
61375 68995 
61503 69122 
61630 69248 
61758 69375 
61885 ^9501 
62013 69627 
62140 69754 
62268 "69880 ‘ 
62395 70006 
62523 70132 
62650 70259 
62777 70385 
62905 70511 
63032 70637 
63159 70763 
63287 70889 
63414 71016 
63541 71142 ' 
63669 71268 

63796 71394 

63923 71520 
64050 71646 
64177 71772 
64305 71898 
64432 72024 

64559 7^150 

64686 72276 
64813 72402 
64940 72527 
65067 72653 
65194 7^779 
65321 72905 
65448 73031 

65575 73157 

73282 
73408 
73534 


3 73660 
66210 73785 
66336 73911 

6^63 74037 

66590 74162 
66717 74288 

66844 74413 

66970 74539 
67097 74664 
^7£24 74790 
f^c. r 
129. Paris 9 
117. Parts 8 


82411 89839 
82536 89962 
'8266b 90065 
82784 90208 
82909 90332 
83033 90455 
^3*57 90578 
83281 90701 
83406 90824 
83530 90947 


83654 91070 
83778 91193 
83902 91316 
84026 91439 
84150 91562 
84275 91685 
84399 91808 
84523 91931 
84647 92054 
84771 92177 


84895 92300 
85019 92423 
85143 9^545 
85266 92668 
85390 92791 

85514 9^914 

85638 93037 
85762 93159 
85886 93282 
86010 93405 


86134 93527 
86257 93650 
86381 93773 
86505 93895 
86629 94018 
86752 94140 
86S76 94263 
87000 94386 
87123 94508 
87247 94631 
’ 87370 94753 
87494 94876 
87618 94998 
87741 95121 
87865 95243 
87988 95365 
88112 95488 
88235 95610 
88359 95733 
88482 95855 


88606 95977 
88729 96099 
88852 96222 
88976 96344 
89099 96466 
89222 96588 
89346 96711 
89469 96833 
89592 96955 
89716 9^77 
f/ (5> X I 
34 43 5^ ^o ( 
39 47 55 ' 


797199 

797321 

797443 

797566 

797688 

797810 

797932 

798054 

798176 

798298 


798420 

798542 

798663 

798785 

798907 

799029 

799151 

799273 

799395 

799516 

799638 

799760 

799882 

800003 

800125 

800247 

800368 

800490 

800612 

800733 


800855 

800976 

801098 

801219 

801341 

801462 

801584 

801705 

801827 

801948 


802070 

802191 

802312 

802434 

802555 

802676 

802798 

802919 

803040 

803161 


803283 

8^3404 

8035*5 

803646 

803767 

803888 

804010 

804131 

804*52 

83373 
8' 9^16' 

69 78 86 
62 70 78 


04494 11723 
04615 11843 
04736 J1963 
04857 12083 
04978 12203 
05099 12323 
05220 12443 
05341 12563 
05461 12683 
05582 12802 


05703 12922 
05824 13042 
05945 13162 

06066 13281 
06186 13401 
06307 13521 
06428 13641 
06549 13760 
06669 13880 
06790 13999 
06911 141 19 
07031 14239 
07152 14358 
07273 14478 
07393 14597 

07514 14717 

07635 14836 

07755 14956 


08117 *5314 
08237 15434 
08358 15553 
08478 15672 
08598 15792 
08719 15911 
08839 16031 
08960 16150 
09080 16269 
09200 16388 


09321 16508 
09441 16627 
09561 16746 
09682 16865 
09802 16985 
09922 17 104 
10042 17223 
10162 17342 
10283 17461 
10403 17580 


10523 17699 
10643 17818 
10763 17938 
10883 18057 
11003 18176 
11123 18295 
11243 ^S4H 

”363 18533 

11483 18652 
11603 18770 

TP“ ' 

95 103 1 12 
86 94 loi 


1 00 8^ 

19008 

19127 

19246 

19365 

19484 

19602 

19721 

1^840 

19959 


20078 

20196 

20315 

20434 

20552 

20671 

20790 

20908 

21027 

^1145 

21264 
21382 
21 501 
21619 
21738 
21856 
ai975 
22093 
22212 
22330 


22449 

22567 

22685 

22804 

22922 

23040 

23159 

23277 

^3395 

23513 


23632 

23750 

23868 

23986 

24104 

24223 

24341 

24459 

24577 

24695 


24813 

24931 

25049 

25167 

25285 

25403 

25521 

25639 

25757 

2587 5 

14^ 15 
121 129 
IC9 117 
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TABLE 69 


liOO. SINE SQUARE 
34° 

F ~1 15 ' I 30 ' I 45 ' 


gi* 13 "' 2 '' 14 "' gi" 15 '" gi' l(i'» gl* 17 ' 

89 89 8'9 ^^9 8*9 

13055 19377 ^5648 31871 38045 

13161 19482 25752 31974 38149 

13267 19587 25856 32077 3825c 

^3373 19691 25960 32181 38352 

13478 19796 26065 32284 38455 

13584 19901 26169 3^3^7 38557 

13690 20006 26273 32490 3866c 

13795 20111 26377 32593 38762 

13901 20216 26481 32697 38864 

14007 20321 265S5 32800 38967 



39 

141 12 

20425 

26689 


45 

14218 

20530 

26793 

3 

0 

14324 

20635 

26897 


15 

14429 

20740 

27000 


30 

14535 

20844 

27104 


45 

14640 

20949 

27208 

4 

0 

14746 

21054 

27312 


15 

14852 

21159 

27416 


30 

*4957 

21263 

27520 


45 

I S063 

21368 

27624 

0 

0 

15168 

21473 

27728 


15 

15274 

21577 

27S32 


30 

15379 

21682 

27935 


45 

15484 

21787 

28039 

G 

0 

15590 

21891 

28143 


15 

15695 

21996 

28247 


30 

15801 

22100 

28351 


45 

1 5906 

22205 

28454 

7 

0 

16012 

22310 

2S558 


15 

16117 

22414 

28662 


30 

16222 

22519 

28766 


45 

16328 

2262^ 

28869 

8 

0 

16433 

22728 

28973 


15 

16538 

22832 

29077 


30 

16644 

22937 

29180 


45 

16749 

23041 

29284 

9 

0 

16854 

23146 

29388 


15 

16959 

23250 

29491 


30 

17065 

23354 

29595 


45 

17170 

23459 

29698 

lo 

0 

17275 

23563 

29802 


15 

17380 

23668 

29905 


30 

17486 

23772 

30009 


45 

17591 

23876 

30113 

11 

0 

17696 

23981 

30216 


15 

17801 

24085 

30320 


30 

17906 

24189 

30423 


45 

1 80 11 

24294 

30527 

12 

0 

18116 

24398 

30630 


15 

18221 

24502 

30734 


30 

18327 

24606 

30837 


45 

18432 

24711 

30940 

13 

0 

1*537 

24815 

3*044 


15 

18642 

24919 

31147 


30 

18747 

25023 

31251 


45 

18852 

25127 

3*354 

14 

0 

i 895> 

25232 

3*457 


15 

19062 

25336 

31561 


30 

19167 

25440 

3 1664 



45 

19272 

25.544 

31767 


;27 24606 30837 37019 
L32 2471 I 30940 37122 
137 24815 31044 37224 
i42 24919 31147 37327 
'47 25023 31251 37430 
152 25127 31354 37532 
.5> 25232 31457 37635 
•62 25336 31561 37737 
67 25440 31664 37840 
.72 25544 31767 3794a 
Sec. 1 " 2 " 3 " 
D. 105 . Parts 7 14 21 
1 ), !> 7 * Parts 6 13 19 


30 ^ 45 ^ 0^ 15 ^ 30 ^ 

II 2i‘ 18»‘ 2*‘ 19"' 2*' 20"' 2*' 21"' 2'* 22'" ! 

8-9 8*9 8*9 89 89 

44171 50251 56284 62271 68213 
44273 50351 56384 62370 68312 
44^5 50452 56484 62470 68410 
44476 50553 56584 62569 68509 
44578 50654 56684 62668 68608 
44680 50755 56784 62768 68706 
44781 50856 56884 62867 68805 
44883 50957 56984 62966 68903 
44984 51058 57085 63066 69002 
45086 51158 57185 63165 69101 
45188 51259 57285 63264 69199 
45289 51360 57385 63364 69298 
45391 51461 57485 63463 69396 

45492 51562 57585 63562 69495 
45594 51662 57685 63661 69593 
45695 51763 57785 63761 69692 
45797 51864 57885 63860 69790 
45898 51965 57985 63959 69889 
46000 52065 58085 64058 69987 
46101 52166 58185 64157 70086 


46203 52267 58284 64257 70184 ' 

46304 52367 58384 64356 70282 ' 

46406 52468 58484 64455 70381 ^ 

46507 52569 58584 64554 70479 ' 

46609 52669 58684 64653 70578 ; 

46710 52770 58784 64752 70676 ' 

46811 52871 58884 64851 70774 ' 

46915 52971 58984 64950 70873 : 

47014 53072 59083 65050 70971 : 

47115 53172 59183 65149 71069 : 

47217 53273 59283 65248 71168 : 

47318 53373 59383 65347 71266 ' 

47419 53474 59482 65446 71364^: 

475^1 53574 59582 65545 71462 : 

47622 53675 59682 65644 71561 : 

477^3 53775 59782 65743 71659 : 

47824 53876 59881 65842 71757 : 

47926 53976 59981 65941 71855 : 

48027 54077 60081 66040 71953 ; 

48128 54177 60180 66138 72052 ' 

48229 54278 60280 66237 72150 ^ 

48330 54378 60380 66336 72248 j 

48432 54479 60479 66435 72346 : 

48533 54579 60579 66534 72444 : 

48634 54679 60679 66633 72542 ' 

48735 54780 60778 66732 72641 ;; 

48836 54880 60878 66831 72739 : 

48937 54980 60977 66929 72837 'j 

49038 55081 61077 67028 72935 ^ 

49139 55181 61177 67127 73033 y 


49241 55281 61276 67226 73131 7 

4934^ 55382 61376 67325 73229 7 

49443 55482 61475 67423 73327 ^ 

49544 55582 61575 67522 73425 7 

49645 55682 61674 67621 73523 ' 

49746 55783 61774 67720 73621 7 

49847 55883 61873 67818 73719 7 

49948 55983 61973 67917 73817 7 

50049 56083 62072 68016 73915 7 

50150 56183 62171 68114I 74013 7 
6" 7 '' 8^ 0 " 10 " 11 * 12 ' 13 ' 14 " UV 

42 49 56 63 70 77 84 91 98 105 

39 45 5^ 58 65 71 78 84 91 97 









TABLE 69 


LOG. SINE SQUARE 



2 *' 24 "' 2 '* 25 "' 2 *' 26 "' 2 ^' 27 '" 2 *' 28 ''* ) ‘ 2 *' 20 »“ 2 ‘' 30 '“ 2 *' 31 "' 2 ’' 32 "* 
8'9 8*9 8*9 9»o 9*0 9*0 lyo 9*0 

79965 85775 91543 8*997269 02953 08596 14198 19761 25284 

80062 85872 91639 8*997364 03047 08690 14291 19853 25375 

80159 85968 91735 8*997459 03i4J|>o8783 14384 19946 25467 

80256 86065 91830 8*997554 03236 08877 14477 20038 25«;59 

80353 86161 91926 8*997649 03330 08971 14570 20130 ^5651 

80451 86258 92022 8*997744 03425 09064 14663 20223 25742 

80548 86354 92118 8*997839 03519 09158 14757 20315 25834 

80645 86450 92213 8*997934 03613 09252 14849 20407 25926 

80742 86547 92309 8*998029 03708 09345 14942 20500 26017 

80839 86643 92405 8*998124 03802 09439 15035 20592 26109 

80936 86740 92500 8*998219 03896 09532 15128 20684 26201 

81033 86836 92596 8*998314 03990 09626 15221 20776 26292 

81130 86932 92692 8*998409 04085 09720 15314 20869 26384 

81227 87029 92787 8*998504 04179 09813 15467 20961 26475 

81324 87125 92883 8*998599 04273 09907 15500 21053 26567 

81421 87221 92978 8-998694 04367 10000 15593 21145 26658 

81518 87318 93074 8*998789 04462 10094 15686 21237 26750 

81615 87414 93170 8*998883 04556 10187 *5778 21330 26842 

81712 87510 93265 8-998978 04650 10281 15871 21422 26933 

81809 87606 93361 .8*999073 04744 ^0374 15964 21514 27025 

81906 87703 93456 8*999168 04838 10468 16057 21606 27116 

82003 87799 93552 8-999263 04933 10561 16150 21698 27208 

82100 87895 93647 8*999358 05027 10654 16243 21791 27299 

82197 87991 93743 8*999453 05121 10748 16335 21883 27391 

82294 88088 93838 8*999547 05215 10842 16428 21975 27482 

82391 88184 93934 8 999642 05309 10935 16521 22067 27574 

82488 88280 94029 8*999737 05403 11029 16614 22159 27665 

82585 88376 94125 8*999832 05497 11122 16706 22251 27756 

82682 88472 94220 8 9999^7 05591 11215 16799 22343 27848 

82779 88568 94316 9*000021 05685 11309 16893 22435 27939 

82875 88665 9441 1 9*000116 05780 IJ402 16985 22527 28031 

82972 88761 945079*000211 05874 11496 17077 22619 28122 

' 83069 88857 94602 9-000305 05968 11589 17170 2271 1 28213 

83166 88953 94697 9-000400 06062 11682 17263 22803 28305 

I 83263 89049 94793 9*000495 06156 11776 17355 22895 28396 

' 83359 89145 94888 9*000590 06250 11869 17448 22987 284S8 

83456 S9241 949849*000684 06344 11962 17541 23079 28579 

83553 89337 95079 9*000779 06438 12055 17633 23171 28670 

83650 89433 95174 9*000874 06532 12149 17726 23263 28762 

83746 8 9529 95269 9-0C0968 06625 12242 17819 23355 28853 

83843 89625 95365 9*001063 06719 12335 17911 23447 28944 

83940 89721 95460 9*001157 06813 12429 18004 23539 219^35 

84037 89817 95555 9*001252 06907 12522 18096 23631 29127 

’84133 89913 95651 9*001347 07001 12615 18189 23723 29218 

84230 90009 95746 9*001441 07095 12708 18281 23815 29309 

84327 90105 95841 9*001536 07189 12802 18374 23907 294CO 

84423 90201 95937 9*001630 07283 12895 18467 23999 29492 

84520 90297 96032 9*001725 07377 12988 18559 24091 295S3 

84617 90393 96127 9*001819 07471 13081 18652 24182 29674 

84713 90489 96222 9*001914 07564 13174 18744 214^74 ^9765 


84810 90585 96317 9*oo2co8 07658 13267 18837 24366 29856 

84906 90681 96413 9*002103 07752 13361 18929 24458 29948 

85003 90777 96508 9*002197 07846 13454 19021 24550 30039 

85100 90872 96603 9*002292 07940 13547 19114 24642 30130 

85196 90968 96698 9*002386 08033 13640 19206 24733 30221 

85293 91064 96793 9*002481 08127 13733 19299 24825 30312 

85389 91160 96888 9*002575 08221 13826 19391 24917 30403 

85486 91256 96983 9*002670 08315 13919 19484125009 30495 
85582 91352 97079 9*002764 08408 14012 19576125100 30586 
85679 91447 97174 9*002858 08502 14105 19668 1 25192 30677 

Sec. V i(/Tr 12' i;v 14^ 

D. 97* Pnrts 6 13 19 26 32 39 45 52 58 65 71 78 84 91 
D. 90. Parts 6 12 18 24 30 36 42 48 <;4 60 66 -2 84 


21 ' xyu 2 ^ 34 "' 

9*0 9*0 

30768 36213 
30859 36304 
30950 36394 
31041 36485 
31132 36575 
31223 36665 
31314 36756 
31405 36846 
31496 36936 
31587 370^7 _ 
31678 37117 " 
31769 37207 
31860 37298 
,31951 37388 
I 3^042 37478 

32133 37569 

32224 37659 
32315 37749 
32405 37839 
32496 37930 
32587 38020 
32678 38110 
32769 38200 
32860 38291 
32951 38381 
33041 38471 
33132 38561 
33223 38651 

33314 38741 

33405 38832 

33495 38922 
33586 39012 
33677 39102 
33768 39192 
33858 39282 
3 3949 39372 
34040 39462 

34130 39552 

34221 39642 
343^2 39732 
34402 39822 
34493 39912 
34584 40002 
34674 4C092 
34765 40182 

3485^ 40272 

34946 40362 

35037 40452 
35127 40542 
35218 40632 


35308 40722 
35399 40812 
3 5489 40902 
35580 40992 
35670 41082 
35761 41171 
35851 41261 
35942 41351 
36032 41441 
36 123 41531 
16 ^ 

97 

90 



796 


AbJLE 


LOG. SINE SQUARE 


0 

0 

0' 

15 ' 

30 ' 1 

46 ' 

2h 40 m 

2h 41 in 

2‘> 42 "’ 

2h 43m 

90 

9*0 

9*0 

9-0 

68103 

.7329* 

78446 

*3565 

68190 

73378 

78532 

83650 


73465 

78617 

*3735 

68^64 

73551 

78703 

83820 

68450 

73637 

78788 

83905 

68537 

73723 

78874 

83990 

68624 

73809 

78960 

84075 

68710 

73895 

79045 

84160 

68797 

73981 

79131 

84245 

68884 

74067 

79216 

84330 




47882 53208 58499 63752 68971 74154 79302 84415 89495 94541 

47971 53297 58586 63840 69057 74240 79387 84500 89579 94625 

48060 53385 58674 63927 69144 74326 79473 84585 89664 94708 

48149 53474 58762 64014 69231 74412 79558 84670 89748 94792 

48238 53562 58850 64101 69317 74498 79644 84755 89832 94876 

48327 53651 58938 64189 69404 74584 79729 84840 89917 94960 

43056 48416 53739 59025 64276 69490 74670 79815 84925 90001 95044 

43146 48505 53828 59113 64363 69577 74756 79900 85010 90085 95127 

‘43236 48594 53916 59201 64450 69664 74842 79985 85094 90170 95211 

43325 48683 54004 59289 64537 ^9750 74928 80071 85179 90254 95295 1 

43415 48772 54093 59377 64625 69837 75014 80156 85264 90338 95379 

43504 48861 54181 59464 64712 69923 75100 80242 85349 90422 95462 
43594 48950 54269 59552 64799 70010 75^86 80327 85434 90507 95546 

43684 49039 54358 59640 64886 70107 75272 80412 85519 90591 95630 

43773 49128 54446 59728 64973 70183 75358 80498 85603 90675 95713 

43863 49217 54534 59815 65060 70270 75444 80583 85688 90759 95797 

43952 49306 54623 59903 65147 70356 75530 80669 85773 90844 95881 

44042 49395 54711 59991 65234 70443 75616 80754 85858 90928 95964 

44131 49484 54799 60079 65322 70529 75702 80839 85943 91012 9604S 

44221 49573 54888 60166 65409 70616 75787 8092 5 86027 91096 96132 

44310 49662 54976 60254 65496 70702 75873 81010 86112 91181 96215 

44400 49750 55064 60341 65583 70789 75959 81095 86197 91265 96299 

44489 49839 55152 60429 65670 70875 76045 81181 86282 91349 96383 

44579 49928 55241 60517 65757 70961 76131 81266 86366 91433 96466 

44668 50017 55329 60604 65844 71048 76217 81351 86451 91517 96550 

44758 50106 55417 60692 65931 71134 76303 81436 86536 91601 96633 

44847 50195 55505 60780 66018 71221 76389 81522 86621 91685 96717 

44936 50283 55593 60867 66105 71307 76474 81607 86705 91770 96801 

45026 50372 55682 60955 66192 71394 76560 81692 86790 91854 96884 

4511 5 50461 55770 61042 66279 714^0 76646 81778 86875 91938 96968 

50550 55858 61130 66366 71566 76732 81863 ^^959 92022 97051 

50639 55946 61218 66453 71653 76818 81948 87044 92106 97135 

50727 56034 61305 66540 71739 76903 82033 87128 92190 97218 

50816 56122 61393 66627 71826 76989 82118 87213 92274 97302 

50905 56211 61480 66714 71912 77075 82203 87298 92358 97385 

50994 56299 61568 66801 71998 77161 82289 87382 92442 97469 

51082 56387 61655 66888 7^085 77247 82374 87467 92526 97552 

51171 56475 61743 66974 72171 77332 82459 87552 92610 97636 

51260 56563 61830 67061 72257 77418 82544 87636 92694 97719 

51348 56651 61918 67148 72343 77504 82629 87721 92778 97803 


51437 56739 62015 67235 72430 77589 82714 87805 92862 97886 

51526 56827 62093 67322 72516 77675 82800 87890 92946 97970 

51614 56915 62180 67409 72602 77761 82885 87975 93030 98053 

51703 57003 62267 67496 72689 77846 82970 88059 93114 98137 

51792 57091 62355 67583 72775 77932 83055 88144 93198 98220 

51880 57179 62442 67669 72861 78018 83140 88228 93282 98303 

51969 57267 62530 67756 72947 78103 83225 88313 93366 98387 , 

52057 57355 62617 67843 73034 7^189 83310 88397 93450 9'8470 j 

52146 57443 62704 67930 73120 78275 83395 5^8482 93534 98554 • 

52235 57531 62792 68017 73206 78360 83480 88566 93618 98637 i 


Sec. vr 3' r 6'^ 6" T 8' 9" 10" 11" 12" 13" 14" 16" 

"D. 90, Parts 6 12 18 24 30 36 42 48 54 60 66 ji 78 84 90 

I).. ^4. Parrs 6 ii 17 22 28 34 39 1-5 50 56 62 67 73 78 84 





























TABLE 69 


797 


4 L° 42 ^ 

30 ^ 45 * 0^ 15 ^ 30 ^ j 45 ^ 

2h 4tjm 2** 47 “ 2 ** 48 ™ 2 ** 49 ™ 2 ‘‘ 50 ™ 2 *» 51 ™ 


9 * 9*1 9*1 9-1 9*1 9*1 

098720 03706 08658 13579 18468 23325 

098804 03788 08741 13661 18549 23405 

098887 03871 08823 *3742’ i863j^ 23486 

098970 03954 08905 13824 18711 23567 

099054104037 08987 13906 18792 23647 

099137 04120 09070 13987 18873 2.3728 

C99220 04202 09152 14069 18955 23809 

099304 04285 09234 14151 19036 23889 

099387 04368 09316 14232 19117 23970 

099470 04451 0939g 14314 19198 24051 

099553 04533 09481 14396' 19279 24131 

099637 04616 09563 14477 1936^* 24212 

099720 04699 09645 14559 *944^ 24292 

099803 04781 09727 14641 19523 24373 

099886 04864 09809 14722 19604 24454 

099970 04947 09891 14804 19685 24534 

100053 05030 09974 14886 19766 24615 

J00136 05112 10055 ^ 49^7 ^ 9^47 ^4695 

100219 05195 10138 15049 19928 24776 

100303 05277 10220 1 5130 20009 24856 


100386 05360 10302 15212 20090 249371 

100469 05443 10384 15293 20171 25017 1 

1C0552 05525 10466 15375 20252 25098 

100635 05608 10548 15457 2,0333 25178 

100718 05691 10630 15538 20414 25259 

100801 05773 10712 15620 20495 25339 

1S0885 05856 10794 15701I20576 25420 

100968 05938 10877 15783 ! 2^<5657 25500 

101051 06021 10959 15864120738 25581 

JO1134 06103 11041 15946120819 25661 


101217 c6i86 1 1 123 I 16027 20900 i 25742 
101300 06269 1I205 16109 20981 1 25822 
101383 06351 11287 1619c / 21062 ' 25902 
101466 06434 11369 I 16272 ' 21 143 I 25983 
101549 06516 11451 16353 21224 26063 

101632 06599 11533 16434 21305 26144 

101715I06681 11614 16516 21385 26224 

101798 06764 11696 16597. 21466 26305 

101881 06846 11778 16679 21547 26385 

101964 06929 11860,16760 21628 26465 

102047 07011 11942 16841 21709 26546! 

102130 07093 12024 16923 21790 266261 

102213 07176 12106 17004 21871 26706 

102296 07258 12188 17086 21952 26787 

102379 07341 12270 17167 22033 26867 

102462 07423 12352 17248 221 13 26947 

102545 07506 12434 17330 22194 27028 

102628 07588 12515 17411 22275 27108 

102711 07670 12597 17492 22356 27188 

102794 07753 ^31679 17574 22437 27268 

102877 07835 12761 17655 22517 27349 

102960 07917 12843 *7736 22598 27429 

103043 oScoo 12925 17818 22679 ^ 75°9 

103126 08082 13006 17899 22759 ^75^9 

103209 08164 13088 *17980 22840 27670 

103291 0S247 13,170 18061 22921 27750 

103374 08329 13252 18143 23002 27830 

103457 08411 13334 18224 23083 27910 

103540 08494 13415 18305 23163 27990 

103623 08576 13497 18386 23244 28071 

Sec. r 2 ' 3 ' 4 ' 5 " 6^ 7 ' 

D. 83 . Parts 5 ii 16 22 28 33 39 

D. 78 . Pnrts 5 10 16 21 26 31 36 


FARE 

43 “ 1 

0' 

16 ' 30 ' 46 ' < 

2h 52m 

2 ^ 53 ™ 2 *‘ 54 ™ 2‘‘6.^™ 

9-1 

9*1 9-1 91 

28151 

3 a 946 377*1 4 a 446 

28231 

33026 37790 4a5a4 

28311 

33105 ’37869 42603 

28391 

33*85 37948 42682 

28471 

33265 38028 42760 

28552 

33344 38107 42839 

28632 

33424 38186 42918 

28712 

33504 38265 42996 

28792 

33583 38344 4307s 

28872 

33663 384 a 3 4^*53 



^9753 34538 
29833 34617 
29913 34697 
^9993 34776 
30073 34856 
30*53 34935 
30233 35015 
30313 35094 
30393 35174 
30472 35253 


3055^ 3533a 

30632 35412 
30712 ! 35491 
30792 35571 
30S72 35650 
30952 35729 
31032 35809 
31112 35888 
31191 35967 
3 1271 36047 


31351 36126 
3 143 1 36205 
31511 36285 

31591 36364 

31670 36443 
31750 36523 
31830 36602 
31910 36681 
31990 36761 
32069 36840 
32149 369*9 
32229 36998 
32309 37077 
32388 37157 
32468 37236 
32548 37315 
32627 37394 
32707 37474 
3^787 37553 
32867 37632 

8 '' 9 " 10 ^ 11 " 
44 SO 55 61 
42 47 5a 57 


39293 44018 48713 

3937a 44096 48791 

39451 44174 48869 
39530 44253 48947 
39609 4433 * 

39688 44410 
39766 44488 

39845 44567 
399 a 4 44645 

40003 44724 


41107 4582] 


4949a 

49570 

49648 

497 a 6 

49804 

49882 

49960 

50038 

501*5 

50193 

30 

31 

32 

33 

34 

35 

36 

37 

38 
30 

50271 

40 

50349 

41 

50427 

42 

50505 

43 

50582 

44 

50660 

46 

5073S 

46 

50816 

47 

50894 

48 

50971 

40 

5*049 

60 

51*27 

61 

51205 

62 

51282 

63 

5*360 

54 

5*438 

65 

5 * 5 * 6 | 

56 

5*593 

57 

5*671 1 

68 

5*749 

60 

5 " 

3 

S 





















79S 


TABLE 69 



9‘i 9*1 9*1 

51826 5^473 61090 
51904 56550 61167 
51982 56627 61244 
52059 56704 61320 
52137 56781 61397 
52215 56859 61474 
52292 56936 61550 
52370 57013 61627 
52448 57090 61704 
5^5^5 57167 61780 


52603 57244 61857 
52680 57321 61934 

5^758 57399 62010 
52836 57476 62087 
5^913 57553 62164 
52991 57630 62240 

53068 57707 62317 

53146 57784 62393 
53233 57^61 62470 
53301 57938 62547 


53378 58015 62623 
53456 58092 62700 
53533 58169 62776 
53611 58246 62853 
53688 58323 62929 
53766 58400 63006 
53843 58477 63082 
53921 58554 63159 
53998 58631 63235 
54076 58708 63312 


54153 5S785 63388 
54231 58862 63465 
54308 58939 63541 
54385 59016 63618 
54463 59093 63694 
54540 59170 63771 
54618 59247 63847 
54695 59324 63924 
54772 59401 64000 
54850 _59477 64076 

54927 59554 64153 
55005 59631 64229 
55082 59708 64306 
55J59 59785 64382 
55237 59862 64458 
55314 59939 64535 
55391 60015 64611 
55468 60092 64687 
55546 6oi^ 64764 
55623 60246 6x^840 


69482 4019 
69558 4095 
69634 4170 
69709 4246 
69785 4321 
69861 4396 

69937 4472 

70013 4547 
70089 4622 
70164 4698 


Sec. r 2 * 3 ' 4' 6" 
D. 78 - Partg 5 . 10 16 21 26 1 
72 * ; Parte 5 10 14 19 24 a 


15 ^ 30 ^ 45 * 

3h 4in 3h5ni Shfini 3h 7m 

9-18 9*1 9*19 ' 9* 

3756 S8207 2631 197028 
3830 88281 2704 197101 
3905 8S355 2778 I97174 
3979 88429 2851 197247 
4054 88503 2925 197320 
4128 88576 2998 197393 
4202 88650 3072 197466 
4277 88724 3145 197539 
4351 88798 3219 197613 
4425 88872 3292 197686 
4500 88946 3366 197759 
4574 89020 3439 197832 
4648 89094 3512 197905 
4723 89168 3586 197977 
4797 S9241 3659 198050 
4871 89315 3733 198123 
4946 89389 3806 198196 

5020 89463 3879 198269 
5094 89537 3953 198342 
5168 89611 4026 198415 
5243 89684 4100 198488 
5317 89758 4173 198561 
5391 89832 4246 198634 
5465 89906 4320 198707 
5540 89980 4393 19S780 
5614 90053 4466 198853 
5688 90127 4540 198926 
5762 90201 4613 198998* 
5836 90275 4686 199071. 
5911 90348 4759 199144 

5985 90422 4833 199217 
6059 90496 4906 199290 
6133 90570 4979 199363 
6207 90643 5053 199436 
6281 90717 5126 199508 

6356 90791 5199 199581 

6430 90864 5272 199654 
6504 90938 5346 199727 1 
6578 91012 5419 199800 
6652 91085 5492 199872 


6726 91159 5565 199945 
6800 91233 5639 200018 
6874 91306 5712 200091 
6948 91380 5785 200164 
7023 91454 5858 200236 
7097 91527 5931 200309 
7171 91601 6004 200382 
7245 91674 6078 200455 
7319 91748 6151 200527 
7393 91822 6224 2006^0 


7467 91895 6297 200673 
7541 91969 6370 200745 
7615 92042 6443 200818 
7689 92116 6517 200891 
7763 92190 6590 200963 
7837 92263 6663 201036 
7911 92337 6736 201109 
7985 92410 6809 201181 
8059 92484 ,6882 201254 
8133 92557 6955 201327 


10 " 11 " 12 " 13 " 14 " 16 

52 57 62 68 73 78 

48 53 58 62 67 72 


9*20 
1399 0 

1 















TABLE 69 


7P9 


LOO. SING SQUARE 

C 

48° 

4J)° 

15' 

30' 

45' 

0' 15' 30' 45' 

0' 1 15' 30' 1 45' 

8’‘9™ 

3 h lO"' 

3h iim 

3 h ]2n. 3h 131 a 3 h I4in 3 h I5ni 

31 . 17 m 31 . l«in 31 . 191 


9*2 

9*2 

9*2 

0574s 

10064 

14358 

05817 

10136 

14429 

058^9 

10207 

14501 

o5‘96i 

10279 

14572 

06033 

10351 

14643 

06105 

1042*? 

14715 

06178 

10494 

14786 

06250 

10566 

14857 

06322 

10638 

14929 

06394 

107 10 

15000 

06466 

10781 

15071 

06538 

10853 

15142 

06610 

10925 

I5214 

06682 

10996 

15285 

06755 

11068 

15356 

06827 

1 1140 

15427 

06899 

1121 1 

15499 

06971 

11283 

15570 

07043 

11355 

15641 

07115 

11426 

15712 

07187 

1 1498 

15784 

07259 

11570 

15855 

07331 

11641 

15926 

07403 

11713 

15997 

07475 

11785 

16068 

07547 

11856 

16140 

07619 

11928 

16211 

07691 

11999 

16282 

07763 

12071 

16353 

07835 

12 142 

16424 

07907 

12214 

16495 

07979 

12286 

16567 

08031 

12357 

16638 

08123 

12429 

16709 

08195 

12500 

16780 

08267 

12572 

16851 

08339 

12643 

16922 

08411 

1271s i 

16993 

08483 

12786 

17064 

08555 

12858 1 

17135 

08627 

12929 

17206 

08699 

13001 

17278 

08771 

13072 

17349 

08843 

13144 

17420 

08915 

13215 

17491 

08987 

13287 

17562 

09058 

13358 

17633 

09130 

13430 

17704 

09202 

13501 

17775 

09274 

13573 

17846 


9*2 

9-2 

9 i 

9*2 

18627 

22870 1 

1 27089 

31284 

18698 

22941 

1271591 

31353 

18768 

230II 

U7229 1 

31423 

18839 

23082 

['^7300 

31493 

18910 

23152 

1 27370 

31502 

18981 

23223 

27440 

31632 

19052 

23293 

27510 

31702 

19123 

23364 

00 

0 

31772 

19194 

^3434 

27650 

31841 

19265 

23505 

27720 

31911 



13644 17917 


13715 17988 

13787 18059 
13858 18130 
13930 18201 
14001 18272 
14072 18343 
14144 18414 
14215 18485 
14287 18556 
Sec. 1" 
. 72. Parts 5 

> HB. Parts 4 


19336 23575 27790 31980 36147 40289 44407 

19406 23646 27860 32050 36216 40358 44476 

19477 23716 27930 32120 36285 40426 44544 

19548 23786 28000 32189 36354 40495 44612 

19619 23857 28070 32259 36423 40564 446S1 

19690 23927 28140 3233^9 36493 40633 44749 

19761 23998 28210 32398 36562 40702 44818 

19831 24068 28280 32468 36631 40770 1 44886 

19902 24139 28350 32537 36700 40839(44954 

19973 24209 28420 ‘32607 36769 40908 1 45023 


20044 24279 28490 32676 36839 40977 45091 

201 1 5 24350 28560 32746 36908 41046 45160 

20186 24420 28630 32816 36977 41 114 45228 

20256 24491 28700 32885 37046 41183 45296 

20327 24561 28770 32955 37115 41252 45365 

20398 24631 28840 330214 37184 41321 45433 

20469 24702 28910 33094 37254 41389 45501 

20539 24772 28980 33163 373^3 41458 45570 

20610 24842 29050 33233 37392 41527 45638 

20681 24913 1 29120 33302 37461 41505 45~o6 


2075a 24983 29190 33372 37530 41664 45775 

20822 25053 29259 33441 37599 41733 45843 

20893 25123 29329 33511 37668 41802 45911 

20964 25194 29399 33580 37737 41870 45980 

21034 25264 29469 ^3650 37806 41939 46048 . 

21 105 25354 29539 33719 37875 42008 46116 

21176 25405 29609 33789 37944 42076 46184 

21246 25475 2967^ 33858 38013 42145 46253 

213 17 25545 29749 33928 38083 42214 46321 

21388 2s6i5 29818 33997 38152 42282 46380 

21459 1 25686 29888 34067 38221 42351 46457 

21529 25756 29958 34136 38290 42420 46526 

21600 25826 30028 34205 38359 42488 46594 

21670 25896 50098 34275 3S428 42557 46662 

21741 25967 30168 34344 3^497 4^625 46730 ' 

21812 26037 30237 34414 38566 42694 46798 

21882 26107 30307 34483 38635 42763 46S67 

21953 26177 30377 3455^ 38704 42831 46935 

22024 26247 30447 34622 38773 42900 47003 

22094 26318 30517 34691 38842 42968 47071 


22165 26388 30586 34761 38911 43037 47140 

22235 26458 30656 34830 38980 43106 4720S 

22306 26528 30726 34899 39049 43174 47276 

22376 26598 30796 34969 39118 43243 47344 

22447 26668 30865 35038 39187 433 1 1 47412 

22518 26739 30935 35107 39255 43380 47480 f 

22588 26809 31005 35177 39324 43448 47549 5 

22659 216879 31075 35246 39393 43517 47617 5 

22729 26949 31144 35315 39462 43585 47685 5 

22800 27019 31214 35385 .39531 43654 l47753_i 

y -i” r 5' r/ r 8 ^ a-' lo" ir 12'' is' iV 15' 

io 14 19 24 29 34 38 43 48 53 58 62 ^7 7 % 

9 13 18 23 27 31 36 40 45 50 54 59 63 6g 






















800 


I'ABLE 69 



54196 

54263 

54331 

54398 

54466 

54533 


10 0 54601 

15 54668 

54735 
45 54803 

1 0 54870 
15 54938 
HO 55005 
45 55073 

2 0 55140 
15 55208 


30 55275 
45 55342 
13 0 55410 
15 55477 
30 55545 

45 55612 
U 0 556^9 

15 55747 
30 55814 

46 55881 


57294 61316 
57362 61383 
57429 61450 
57496 61517 
57563 61583 
57630 61650 
57698 61717 
57765 61784 
57832 61851 
57899 61917 


57966 61984 
58033 62051 
58101 62118 
5816S 62184 
58235 62251 
58302 62318 
58369 62385 
58436 62452 
58503 625181 
58570 62585 I 


58637 62652 I 
58705 62718 
58772 62785 
58839 62852 
58906 62918 
58973 62985 
59040 63052 
59107 63118 
59174 63185 
59241 63252 


59308 63318 
59375 O3385 
59442 63452 
59509 63518 
59576 63585 
159643 63652 
59710 63718 
59777 63785 
159844 63852 
! 59911 63918 


,^Sec. V 
68. iParts 4 
64 . Purts 4 


65315 69292 73246 77178 
65382 69358 73312 77244 
65448 69424 73378 77309 
65514 69490 73443 77374 
65581 69556 73509 77440 
65647 69622 73575 77505 
65714 69688 73640 77570 
65780 69754 73706 7763^ 
65847 69820 73772 77701 
65913 69886 73S37 77766 


65979 69952 73903 77832! 
66046 70018 73969 77897 
66112 70084 74034 77962 
66179 70150 74100 78028 
66245 70216 74166 78093 
66311 70282 74231 78158 
66378 70348 74297 78223 
66444 70414 74362 78289 
66510 70480 74428 78354 
66577 70546 74494 78419 

66643 70612 74559 7^^484 
66710 70678 74625 78550 
66776 70744 74691 7S615 
66842 70810 74756 78680 
66908 70876 74822 78745 
66975 70942 748S7 78810 
67041 71008 74953 78876 
67107 71074 75018 78941 
67174 7 1 140 75084 79006 
67240 71206 75149 79071 


67306 71272 75215 79136 
67373 71338 .75281 79202 

67439 71404 75346 79^67 

67505 71469 75412 79332 
67571 71535 75477 79397 
67638 71601 75543 79462 
67704 71667 75^8 79527 
67770 71733 75674 79593 
67836 71799 75739 79658 
67902 71865 75805 79723 


2" 3" r 6" 6^ r 3' 9'^ 10 

9 13 18 23 27 32 36 41 45 

9 13 17 .21 26 30 34 38 43 


79788 83684 87558 91412 
79853 83749 87623 91476 
79918 83813 87687 91540 
79983 83878 87752 91604 
80048 83943 87816 91668 
80113 84008 87880 91732 
80178 84072 87945 91796 
80244 84138 8^009 91860 
80309 84202 88073 91924 
80374 84266 88138 91988 


84331 88202 92052 
84396 88266 92116 
84461 88331 92180 
84525 88395 9^244 
84590 88459 9-308 
84655 88524 92372 
84719 SS588 92436 
84784 88652 92500 
84849 88717 92564 
84913 88781 92627 


81089 84978 88845 92691 
81154 85042 88909 92755 
81219 85107 88974 92819 
81284 ^517* 89038 928S3 
81349 85236 89102 92947 
81414 85301 89167 93011 
81479 85366 89231 93075 
81544 85430 89295 93139 
81609 85495 89359 93203, 
81674 85559 89423 93266 


81739 85624 89488 93330 
81803 85688 89552 93394 
81868 85753 89616 93458 
81933 85818 89680 93522 
81998 85882 89745 93586 
82063 85947 89809 93650 
82128 86011 89873 93713 
82193 86076 89937 93777 
82258 86140 9000^ 93^41 
82323 86205 90065 93905 
82388 86269 90130 93969 
824.52 86334 Q0104. 04033 
82517 86398 90258 94096 
82582 86463 90322 94160 
82647 86527 90386 94224 
82712 86592 90450 94288 
82777 86656 90514 94351 
82842 86721 90579 94415 
82906 86785 90643 94479 
82971 86850 90707 94S43 
83036 86914 90771 94607 
83101 86979 90835 94670 
83166 87043 90899 94734 
83230 87108 90963 94798 
83295 87172 91027 94861 
83360 87236 '9 109 1 94925 

834^5 *7301 91155 94989 

83490 87365 91219 95053 
83554 87430 91284 95116 
83619 87494 91348 95180 


' 11" 12" 13" 14" 15" 

SO 54 59 63 68 - 

47 51 53 ^4 


















TABLE 69 


801 


LOG. SINE SQUARE 




52 - 

63 ° 1 

54° I 

^ 55° 1 

n- 



A 6 ' 

O' 

15 ' 

30 ' 

45 ' 

|Q||h 

15 ' 


45 ' 


U' 


1 


311 31 m 

3 h 32 «» 

3 “ 33 «‘ 



3^ 36 ™ 

3h 37m 

3 ^ 38 ™ 

3 »‘ 39 ™ 


RHP 

8 . 


■ 

9*2 

9 * 

9*3 

CBHI 


"9*3 

9*3 

9*3 

9*3 

9*3 

9*3 




95^44 

299055 

02845 

06615 

10364 

14094 

17803 

2I4q2 

25161 

28811 

32442 

0 



953^7 

299118 

02908 

06678 

10427 

' 4>55 

17864 

2*553 

25222 

28872 

32502 

1 



95371 

299182 

02971 

06740 

10489 

^2.17 

17926 

21614 

25283 

28933 

32562 

2 


45 

95435 

299245 

03034 

06803 

10551 

14279 

17988 

21676 

25344 

28993 

32623 

3 

1 

0 

95498 

299308 

03097 

06866 

10614 

14341 

18049 

21737 

25405 

29054 

‘5268? 

4 


15 

9556^ 

299372 

03 160 

06928 

10676 

14403 

18111 

21798 

25466 

20114. 

32743 

5 


30 

95626 

299435 

03223 

06991 

10738 

14465 

18172 

21860 

25527 

29*75 

32804 

6 


45 

95689 

299498 

03286 

07053 

10800 

14527 

18234 

21921 

1558* 

29236 

32864 

7 

2 

0 

95753 

299561 

03349 

07116 

10863 

14589 

18296 

219S2 

25649 

29296 

32924 

8 


15 

95817 

299625 

03412 

07179 

10925 

14651 

18357 

22043 

25710 

29357 

32985 

9 


30 

95880 

299688 

03475 

07241 

10987 

14713 

18419 

22105 

25771 

29418 

33045 

10 


45 

95944 

299751 

03538 

07304 

1 1050 

*4775 

18480 

22166 

25832 

29478 

33*05 

11 

S 

0 

96008 

299815 

0^601 

07367 

11112 

*4837 

18542 

22227 

25893 

29539 

33166 

12 


15 

96071 

2 o <)878 

03664 

07429 

11174 

14899 

18604 

22289 

25954 

29599 

33226 

13 


30 

96135 

299941 

03727 

07492 

11236 

14961 

18665 

22350 

26015 

29660 

33286 

14 


45 

96198 

300004 

03790 

07554 

11299 

15023 

18727 

22411 

26075 

29721 

33346 

15 

4 

0 

96262 

300068 

03S53 

07617 

11361 

15085 

18788 

22472 

26136 

29781 

33407 

16 


15 

96326 

300131 

03915 

07679 

11423 

15146 

18850 

22533 

26197 

29842 • 

33467 

17 


30 

96389 

300194 

03978 

07742 

11485 

15208 

J8911 

22595 

26258 

29902 

33527 

18 

iB 

EB 

96453 

300257 

04041 

07804 

11547 

15270 

18973 

22656 

26319 

29963 

33587 

19 

m 

E] 

96516 

300321 

04104 

07867 

11610 

1^332 

19035 

22717 

26380 

30024 

33648 

20 


15 

96580 

300384 

04167 

07930 

11672 

*5394 

19096 

22778 

26441 

30084 

33708 

21 


30 

96644 

300447 

04 Z 30 

07992 

*1734 

15456 

*9158 

22840 

26502 

30*45 

33768 

22 


45 

96707 

300510 

04293 

08055 

1 1796 

15518 

19219 

22901 

26562 

30205 

33828 

23 

6 

0 

96771 

300574 

04356 

08117 

11858 

15580 

19281 

22962 

26624 

30266 

33889 

24 


15 

96834 

300637 

04418 

08180 

1 1920 

*5641 

*9342 

23023 

26684 

30326 

33949 

25 


30 

96898 

300700 

04481 

08242 

11983 

15703 

19404 

23084 

26745 

30387 

34009 

2 € 


45 

96961 

300763 

04544 

08305 

12045 

15765 

*9465 

23146 

26806 

30447 

34069 

23 

7 

0 

97025 

300826 

04607 

08^7 

12107 

15827 

19527 

23207 

26867 

30508 

34129 

28 


15 

97088 

300889 

04670 

08430 

12169 

15888 

19588 

23268 

26928 

30568 

34190 

29 


30 

97152 

300953 

04733 

08492 

12231 

*5951 

19650 

23329 

26989 

30629 

34250 

30 


45 

97215 

301016 

04796 

08555 

12294 

16012 

19711 

23390 

27049 

30689 

34310 

31 

8 

0 

97279 

301079 

04858 

08617 

12356 

16074 

*9773 

23451 

27110 

30750 

34370 

32 


15 

97342 

301142 

04921 

08680 

12418 

16136 

*9834 

23512 

27171 

30810 j 

34430 

33 


30 

97406 

301205 

04984 

08742 

12480 

16198 

X9896 

^3574 

27232 

30871 

34490 

34 


45 

97469 

^01268 

05047 

08805 

12542 

16260 

*9957 

23635 

27293 

30931 

3455 * 

35 

9 

0 

97533 

301332 

05 1 10 

08867 

12604 

.16321 

20019 

23696 

^7354 

30992 

34611 

36 


15 

97596 

30139s 

05172 

08929 

12666 

16383 

0 

0 

00 

0 

23757 

27414 

3*052 

3467* 

37 


30 

97660 

301458 

05235 

08992 

12729 

16445 

20141 

23818 

^7475 

3***3 

3473*1 

38 


45 

97723 

301 521 

05298 

09054 

12791 

16508 

20203 

23879 

27536 

3**73 

3479 * 

39 


M 

97787 

301584 1 

1 05361 

091 17 

12853 

16568 

20264 

23940 

27597 

31234 

34851 




97850 

301647 

05423 

09179 

12915 

16630 

20326 

24001 

27657 

31294 

349*2 

El 



979*4 

301710 

05486 

09242 

12977 

16692 

20387 

24062 

27718 

31355 

34972 



45 

97977 

301773 

05549 

09304 

13039 

16754 

20449 

24124 

27779 

31415 

35032 


11 

0 

98041 

301836 

05612 

09367 

13 101 

16815 

20510 

24185 

27840 

3*475 

35092 

44 


15 

98104 

301900 

05674 

09429 

13163 

16877 

20571 

24246 

27901 

3*536 

35*52 

4.6 


.30 

98167 

301963 

05737 

09491 

13225 

16939 

20633 

24307 

27961 

3*596 

35212 

48 


45 

9823 1 

302026 

05800 

09554 

13287 

1 700 1 

20694 

24368 

28022 

3*657 

35272 

47 

12 

0 

98294 

302089 

05863 

09616 

1 13349 

17062 

20756 

24429 

28083 1 

3 * 7*7 

35332 

48 


15 

98358 

302152 

05925 

09679 

13411 

17124 

20817 

24490! 

28144 1 

31778 ! 

135392 

49 


30 

45 

13 0 
15 
30 
45 

14 0 
15 
30 
45 


98421 

98485 

98548 

98611 

98675 

98738 

.98801 

98865 

98928 

9899^ 


302215 

302278 

302341 

302404 

302467 

302530 

30^593 

302656 

302719 

302782 


05988 

06051 

06114 

06176 

06239 

06302 

06364 

06427 

06490 

06552 


Sec. V 2" 


09741 

*3473 

17186 

0 

00 

00 

24551 


3*838 

35452 

50 

09803 

*3535 

17247 

20940 

24612 

28265 

31898 

355*3 

51 

09866 

*3597 

*7309 

21001 

24673 

28326 

3*959 

35573 

52 

00028 

*3659 

*737* 

21062 

24734 

28386 

32019 

35633 

53 

OOOQO 

13722 

17433 

2 1 124 

24795 

28447 

32080 

35693 

54 

16053 

13784 

*7494 

21185 

24856 

28508 

32140 

.35753 

55 

*0115 

13846 

*7556 

21246 

249*7 

28568 

32200 

358*3 

56 

10177 

13908 

17618 

21308 

24978 

28629 

32261 

35873 

57 

10240 

13970 

17679 

21369 

25039 

28690 

32321 

35933 I 

o 3 

10302 

14032 

17741 

21431 

25100 1 

28751 

32381 

35993 J 

59 

- 3 ^- 4 ^ 

5 " tr 

r 1 

r 10' 

ir 12 ' 13' 

14^ 15' 




D. 04. Parts 4 9 13 17 21 26 30 34 38 43 47 51 55 60 64 

D. 00. Parts 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 
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TABLE G9 



Sec. 1" 2 " 3" 
Parts 4 8 iz 
Parts 48 ij 


60228 63694 67142 
60286 63752 67199 
60344 63809 67257 
60402 63867 67314 
60460 63924 67371 
60517 63982 67429 
60575 64040 67486 
60633 64097 67543 
60691 64155 67600 
60^49 64212 67658 


8 " 9 " 10 ' 11 ' 12 ' 13 ' ] 
32 36 40 44 48 52 I 
30 34 38 42 46 49 - 





























TABLE 69 


803 


LOO. SINE SQUARE 



9*3 
745 S» 
74609 
74666 
7472a 
74779 
15 74830 
80 7489a 
46 74949 
75006 
75062 


75119 

75176 

7523a 

75^89 

75345 

75402 

75459 

75515 

75572 

75628 


75685 

75742 

75798 

75855 

759 1 1 
75968 
76024 
76081 
76138 
76194 


76251 I 
76307 I 
76364 
76420 

76477 

76533 

76590 

76646 

76703 

76759 


76816 

76872 

76929 

76985 

7704a 

77098 

77155 

7721X 

77268 

77324 


77380 

77437 

77493 

77550' 

77606 

77663 

77719 

77775 

77832 

77888 


9*3 9*3 

77945 81320 
78001 81376 
78057 81432 
78114 81488 
78170 81544 
78227 81600 
78283 81656 
78339 81712 
78396 81763 
78452 81825 


78508 81881 
78565 81937 
78621 81993 
78677 82049 
78734 82105 
78790 82161 
78846 82217 
78903 82273 
[78959 82329 

79015 82385 


79072 82441 
79128 82497 
79184 82553' 
79240 82609 
79297 82665 
79353 82721 
79409 82777 
79466 82833 
79522 82889 
79578 82945 


79634 83001 
79691 83057 
79747 83113 
79803 83169 
79859 83225 
79916 83281 
79972 83337 
80028 83392 
800S4 83448 
80140 83504 


80197 83560 
80253 83616 
80309 83672 
80365 83728 
80421 83784 
80478 83840 
80534 ^3^9^ 
80590 83952 
80646 84007 
j 80702 84063 


80758 84119 
80815 84175 
80871 84231 
1 80927 84287 
: 80983 84343 
81039 84398 
81095 84454 
81151 84510 
81208 84566 
81264 84622 


9*39 9*39 
1342 4649 

1354 4704 

14^ 4759 
1 508 48 14 
1563 4869 
1619 4924 
1674 4979 
1729 5034 
1784 5089 
1839 5 H 4 


1895 5199 
1950 5254! 
2005 5309 j 
2060 5364! 
2116 5419 
2171 5474 
2226 5529 
2281 5583 
2336 5638 

^391 5693 
2447 5748 

2502 5803 I 
2557 5858 
2612 5913 I 
2667 5968 
272a 6023 
2778 6077 
2833 6132 
2888 6187 
I 2943 6242 


2998 6297 
3053 6352! 
3108 6406 
3163 6461 
, 3218 6516 
3274 6571 
3329 6626 
I 3384 6681 
3439 6735 
3494 6790 


3549 6845 
3604 6900 
3659 6955 
3714 7009 
I 3769 7064 
3824 7119 
: 3879 7174 

■ 3934 7i^8 
, 3989 7^83 

■ 4045 7338 


9 ’ 

19*40 

9-40 

9*4 

397940 

1214 

4471 

07713 

397995 

1268 

4526 

07767 

398049 

1313 

4580 

07820 

398104 

1377 

4634 

07874 

398159 

1432 

4688 

07928 

398213 

i486 

4742 

0798a 

398268 

1540 

4796 

08036 

398323 

1595 

4850 

08090 

398377 

1649 

4905 

08144 

39843a 

1704 

4959 

M 

00 

0 

398487 

1758 

5013 

08251 

398541 

1812 

5067 

08305 

398596 

1867 

5121 

08359 

398651 

1921 

5175 

08413 

398705 

1975 

5229 

08467 

398760 

2030 

5283 

08520 

398814 

2084 

5337 

08574 

398869 

2139 

5391 

08628 

3989^4 

2193 

5446 

0868a 

398979 

2247 

5500 

08736 



399579 

2845 

6094 

09327 

399633 

2899 

6148 

09381 

399688 

a 953 

6202 

09435 

399742 

3008 

6256 

09488 

399797 

306a 

6310 

09542 

39985?. 

3116 

6364 

09596 

399906 

3170 

6418 

09650 

399961 

3225 

6472 

09703 

40001 5 

3279 

6526 

09757 

400070 

3333 

6580 

09811 

400124 

3387 

6634 

09864 

400179 

344a 

6688 

09918 

400233 

3496 

6742 

09972 

400288 

3550 

6796 

10026 

400342 

3604 

6850 

10079 

400397 

3659 

6904 

10133 

40045 1 

3713 

6958 

10187 

400506 

3767 

701a 

10240 

400560 

3821 

7066 

10294 

4006 I 5 

3875 

7120 

10348 

400669 

3930 

7174 

1040 1 

400724 

3984 

7228 

10455 

400778 

4038 

7281 ! 

10509 

400833 

4092 

7335 

10562 

400887 

4146 

7389 

10616 

40094a 

4201 

7443 

10670 

400996 

42 a 5 

7497 

10723 

40 105 1 

4309 

7551 

10777 

401 105 

4363 

7605 

10830 

401 1 59 

4417 

7659 

10884 


2544 30 
2598 31 
2651 32 
2705 33 

27 5« 34 
2812 35 
2865 30 
2919 37 

2972 38 
39 




























804 


TABLE 69 


61 ° 

15' I SO* I 46' 


IElEBUEEQ3|uEBI 


LOO. SING SQUARE 

62 ° I 


30' 







9*44 9-41 

3679 6825 
3731 6877 
3784 6929 
3836 6982 
3889 7034 
3941 7086 

3994 7J3» 

4046 7191 
4099 7243 
4152 7295 


4204 7347 
4257 7400 
4309 7452 
4362 7504 
4414 7556 
4467 7609 
4519 7661 
457» 7713 
4624 7765 
4677 7817 


4729 7870 
4782 7922 
4834 7974 
4886 8026 
4939 8079 
4991 8131 
5044 8183 
5096 8235 
5149 8287 
5201 8340 


5254 8392 
5306 8444 
5358 8496 
5411 8548 
5463 8600 
5516 8653 
5568 8705 
5621 8757 
5673 8809 
5725 8861 
5778 8913 
5830 8966 
5882 9018 
5935 9070 
5987 9122 
6040 9174 
6092 9226 
6144 9278 
6197 9330 
6249 938^ 


9-4 9*4 9-4 

36^70 39255 42325 1 
36222 39306 42376 
36273 39358 42427 

36325 39409 42478 

36376 39460 42529 
36428 395 1 1 42580 

36479 39563 42631 

36531 39614 42682 
36582 39665 42733 
36634 39716 42784 


36685 39768 42835 i 
36737 39819 42886 i 
36788 39870 42937 i 
36840 39921 42988 . 
36891 39973 43039 ' 

36943 40024 43090 - 
36994 40075 43141 , 
37046 40126 43192 - 
37097 40177 43243 - 
37149 40229 43294 . 


37200 40280 43345 

37252 40331 1 43396 

37303 40382 43446 

37354 40433 43497 

37406 40485 43548 

37457 40536 43599 

37509 40587 43650 

37560 40638 43701 
37611 40689 43752 
37663 40741 43803 


37714 40791 43854 
37766 40843 43905 
37817 40894 43956 
37869 40945 44007 

37920 40996 44057 

37971 41047 44108 
38023 41C99 44159 
38074 41 1 50 44210 
38125 41201 44261 
38177 41252 44312 


38228 41303 44363 
38280 41354 44414 

38331 41405 44465 

38382 41456 44515 
38434 41507 44566 
38485 41559 44617 
38536 41610 44668 
38588 41661 44719 
38639 41712 44770 

38691 41763 44821 


38742 41814 44871 
38793 41865 44922 
38844 41916 44973 
38896 41967 45024 
38947 42018 45075 
38998 42069 45125 
39050 42120 45176 
3910J 42172 45227 
39152 42223 45278 
39204 42274 45329 





























TABLE 69 


805 


15 ' 30 ' 45 ' 


4h lym 4h iQm 4h 1911.1 41. 2()i» 




55955 5«944 
56005 58994 
56055 59043 
56105 59093 
56155 59*43 
56205 59192 
5625s 59242 
56305 59292 

56354 59341 

56404 59391 


56454 59441 
56504 59490 

56554 59540 

56604 59590 
56654 59639 
56704 59689 
56754 59739 
56803 59788 
56853 59838 
56903 59887 


56953 59937 
57003 59987 
57053 60036 
57103 60086 
57152 6013s 
57202 60185 
57252 6023s 
57302 60284 
57352 60334 
57402 60383 
Se~l” 
. 60 . Parts 3 
. 48 . Parts 3 



72218 75128 78026 1 
72266 75177 78074 
72315 75225 78122 
72363 75274 78170 
72412 75322 78218 
72461 75371 78267 
72509 75419 78315 
72558 75467 78363 
72606 75516 78411 
72655 75564 78459 
72704 75612 78507 
727'52 75661 78555 
72801 75709 78604 
72849 75757 78652 
72898 : 75806 78700 
72947 75854 78748 
72995 75902 78796 
73044 7595 * 78844 
73092 75999 78892 
73141 76047 78940 


73189 76096 78988 
73238 76144 79036' 
73286 76192 79085 
73335 7614* 79*33 
73384 76289 79181 

73432 76337 79229 

73481 76386 79277 

73529 76434 79325 
73578 76482 79373 

73626 76531 79421 


73695 76579 79469 

73723 76627 79517 
73772 76675 79565 
73820 76724 79613 
73869 76772 79661 
73917 76820 79709 
73966 76869 79758 
74014 [76917 79806 
74063 76965 79854 
74111 77013 79902 
74160 77062 79950 
74208 77110 79998 
74257 77158 80046 
74305 77206 80094 
74354 77254 80142 
74402 77303 80190 
7445* 7735* 80238 
74499 77399 80286 
74547 77447 80334 
74596 77496 80382 


74644 77544 80430 
74693 77592 80478 
74741 77640 80526 
74790 776S8 80573 
74838 77737 80621 
74886 77785 80669 
74935 77833 80717 
74983 77881 80765 

75032 77929 ^0813 

75080 77978 80861 

10 " IP 12' 1 ^ 4 ^ 


81101 
8 1 149 1 6 

81197 1 6 

I 81245 
81293 
8 * 34 * 
81388 10 

81436 11 

81484 12 

81532 13 

81580 14 

81628 15 

81676 Iff 
81724 17 

81771 18 

81819 10 


81867 
81915 
81963 
82011 23 

82059 24 

82107 25 

82154 36 

82202 27 

82250 28 

82298 20 


82346 
82394 
82441 
824S9 33 

82537 34 

82585 35 

82633 36 

82680 37 

82728 38 

82776 39 

82824 
82872 41 

82919 42 

82967 43 

83015 44 

83063 45 

83110 46 

83*58 47 

83206 48 

83254 49 

83302 50 

83349 61 

83397 62 

83445 

83493 54 

83540 66 

83588 56 

83636 67 

83684 68 

S3731 59 


7 10 13 17 
6 10 13 16 


^7 30 33 37 40 43 47 5 ° 
26 29 32 35 38 42 45 48 
























«06 


TABLE 69 




84733! 87584 

84780 8763a 
84828 87679 
84875 87726 
84923 87774 
84971 87821 
85018 87869 
85066 87916 
85114; 87963 
85161 : 88011 I 


85209 88058 
85250 88106 
85304 88153 
85352 88200 
85399 88248 
S5447 88295 
85494 88342 
85542 88390 

85589 88437 
85637 88485 
85685 88532 
85732 88579 
85780 88627 
85827 88674 
85875 88721 
85922 88769 
85970 88816 
86017 88863 
86065 88910 
86113 ^^958 


86160 89005 
86208 89052 
86255 89100 
86303 89147 
86350 89194 
86398^ 89242 
86445 89289 
86493 89336 
86540 89383 
86588 89431 


90423 93247 
90470 93294 

905*7 93341 

90564 93388 
90611 93435 
90658 93482 
90706 93529 

90753 93576 

90800 93623 
90848 93670 


90894 93717 
90941 93764 
90989 93811 
91036 93858 
91083 93905 
91130 9395^ 
91177 93998 
91224 94045 
91271 94092 
91318 94139 
91366 94186 
91413 94233 
91460 94280 
91507 94327 
91554 94374 
91601 94421 
91648 94467 
91695 94514 
91742 94561 
91790 94608 


91837 94655 
91884 9470Z 
91931 94749 
91978 94795 
92025 94842 
92072 94889 
92119 94936 
92x66 94983 
92213 95030 
92260 95077 


Sec. 1*2' 3* 
Parts 3 6 10 
Parts 369 



> 500252 03030 
^ 500298 03077 
i 500345 03123 
) 500391 03169 
) 500437 03215 
I 500484 03261 
^ 500530 03308 

> 500577 03354 
t 500623 03400 
) 500669 03446 


6' r 8^ 9' 10 * 

19 22 26 29 32 
18 21 25 28 31 


9 5 

9*5 

95 

06256 

09007 

11745 

06302 

09053 

11790 

06348 

OQoq8 

11836 

06394 

09144 

11881 

06440 

09190 

11927 

06486 

09235 

1 1972 

o 65‘?2 

09281 

12018 

06578 

09327 

12063 

06624 

09373 

12100 

06669 

09418 

iai54 

06715 

09464 

12200 

06761 

oq^IO 

ia245 

06807 

09555 

12291 

o68<;'; 

09601 

12336 

06899 

09647 

12382 

06945 

09692 

12427 

06991 

09738 

12473 

07037 

09784 

12518 

07083 

OQ830 

12564 

07128 

09875 

12609 

07174 

09921 

12655 

07220 

09967 

12700 

07266 

JOOI2 

12745 

0731a 

10058 

12791 

07358 

10103 

12836 

07404 

10149 

12882 

0745c 

10195 

12927 

07495 

10240 

ia973 

07541 

10286 

13018 

07587 

10332 

13064 

07633 

10377 

13109 

07679 

XO423 

13154 

07725 

10469 

13200 

07771 

10514 

i3a45 

07816 

10560 

13291 

07862 

10606 

13336 

07908 

10651 

1 13381 

07954 

10697 

134a 7 

08000 

10742 

13472 

08045 

10788 

13518 

08091 

10833 

13563 

08137 

10879 

13608 

08183 

10925 

13654 

08229 

10970 

13699 

08274 

11016 

13744 

08320 

1X061 

13790 

08366 

11 107 

13835 

08412 

11153 

13881 

08458 

11198 

13926 

08503 

11244 

13971 

^549 

11289 

140 1 7 

08595 

11335 

14062 

08641 

11380 

14107 

08687 

XI426 

14153 

0873a 

11471 

14x98 

08778 

11517 

I4a43 

08824 

11563 

14289 

08870 

X1608 

14334 

08915 

11654 

14379 I 

08961 

1x699 

I44a5l 


11* 12* 13* 14* 15 
35 38 42 45 48 
34 37 40 43 46 





















TABLE 69 


807 


hoa . SINE SQUARE 


9*5 
14470 

14515 

14561 
45 14606 

1 0 14651 
15 14696 
30 14742. 
45 14787 

2 0 14832 
15 14878 


4h 40m 

4 h 41 ni 

4 h 42 m 

4 h 430 . 

9*5 

9*5 

9*5 

9*5 

17183 

19883 

22570 

*5*45 

17228 

19927 

22615 

25290 

17*73 

19972 

22659 

*5334 

17318 

20017 

22704 

*5379 

17363 

20062 

**749 

*54*3 

17408 

0 

0 

22794 

25468 

17453 

20152 

22838 

25512 

17498 

20197 

22883 

*5557 

17543 

20242 

22928 

25601 

5Z588_ 

20287 

22972 

25645 

17633 

20331 

23017 

25690 

17678 

20376 

23062 

*5734 

17724 

20421 

23106 

*5779 

17769 

20466 

23151 

258*3 

17814 

205 1 1 

23195 

25868 

17859 

20556 

23240 

25912 

17904 

20600 

23285 

*5957 

17949 

20645 

23329 

26001 

17994 

20690 

*3374 

26045 

18039 

20735 

*3419 

26090 



9-5 9*5 

35823 38437 41040 
35867 38481 41083 
35910 38524 41126 
35954 38568 4*169 
35998 38611 41213 
36041 38655 41256 
36085 38698 41299 
36129 38742 41342 
36172 38785 41386 
36216 38828 41429 


38872 41472 
38915 41515 

38959 41559 

39002 41602 
39046 41645 
39089 41688 
39132 41731 

39176 41775 

39219 41818 
39263 41S61 


36696 39306 41904 
36740 39349 41948 
36783 39393 41991 
36827 39436 42034 
36870 39480 42077 
3^914 395^3 4*120 
36957 39566 42164 
37001 39610 42207 

37045 39653 4**50 

37088 39697 42293 


3713* 39740 4*336 
37175 39783 4*379 

37*19 398*7 4*4*3 
37262 39870 42466 
37306 39913 42509 

37350 39957 4*55* 
37393 40000 42595 
37437 40043 4*638 
[37480 40087 42681 
375*4 40130 4*7*5 


37567 40173 42768 
37611 40217 42811 
37654 40260 42854 
37698 40304 42897 
37741 40347 42940 

37785 40390 4*983 

37828 40434 43027 
37872 40477 43070 

37915 405*0 43113 

37959 40563 43156 


38002 40607 43199 
38046 40650 43242 
38089 40693 43285 
38133 40737 433*8 
38176 40780 43371 
38220 40823 43414 
38263 40866 43458 
38307 40910 43501 
38350 40953 43544 
38394 40996 43587 



























808 


TABLE 69 


LOG. SINE SQUAHii. 




1 72° 

1. 73° 

1 74° 

75^ 




30' 

46' 

O' 

15' 

30' 


0' 

15' 

30' 

46 ' 

0' 




4h 50m 

4h 5lin 

4h 5201 

4h 53m 

4h 54m 

4II 55111 

4 ** 56™ 

4h 5701 

4I1 

4h 

6ii 0"' 

3. 



9*5 

9*5 

9*5 

9-5 

95 

9*5 

9*5 

9*5 

9*5 

9*5 

9*5 


0 

0 

43630 

46208 

48775 

51330 

53874 

56406 

58926 

61435 

63933 

664x9 

68894 

0 


15 

43673 

46251 

48818 

51373 

53916 

56448 

58968 

61477 

63974 

66460 

68935 

1 


30 

43716 

46294 

4S86 X 

51415 

53958 

56^90 

59010 

61519 

64016 

66502 

68977 

0 


45 

43759 

46337 

48903 

51458 

54001 

56532 

59052 

61560 

64057 

66543 

69018 

3 

1 

0 

43802 

46380 

48946 

51500 

54043 

56574 

59094 

61602 

64099 

1 66584 

69059 

4 


15 

43*45 

464^3 

4S989 

51543 

54085 

56616 

59136 

61644 

64140 

66626 

69 ICO 

r , 


30 

43888 

46466 

49031 

51585 

54127 

56658 

59*77 

6 685 

64182 

66667 

69141 

a 


45 

43931 

46508 

49074 

51628 

54170 

56700 

59219 

61/27 

64223 

66708 

69182 

7 

2 

0 

43974 

46551 

49116 

^11670 

54212 

56742 

59261 

61769 

64265 

66750 

69223 

a 


15 

44017 

46594 

49159 

51713 

54254 

56784 

59303 

618 10 

64306 

66791 

69265 

j) 


30 

44061 

46637 

49202 

51755 

54296 

56826 

59345 

61852 

64348 

66832 

69306 



45 

44104 

46680 

49244 

51797 

54339 

56869 

59387 

61894 

64389 

66874 

69347 

1 > 

3 

0 

44147 

46723 

49287 

51840 

54381 

56911 

59429 

61935 

64431 

66915 

693^^ 

12 


15 

44190 

46766 

49330 

51882 

54423 

56953 

59471 

61977 

64472 

66956 

69429 

1.3 


30 

445133 

46808 

49372 

51925 

54465 

56995 

59512 

62019 

64514 

66998 

69470 

u 


45 

44276 

46851 

49415 

51967 

54508 

57037 

59554 

62060 

64555 

67039 

69511 

li ) 

4 

0 

44319 

46894 

49458 

fiaoio 

54550 

57079 

59596 

62102 

64597 

67080 

69552 

16 


15 

44362 

46937 

49500 

52052 

54592 

57121 

59638 

62144 

64638 

67121 

69593 

17 


30 

44405 

4.6q8o 

49543 

52095 

54634 

57163 

59680 

62186 

64680 

67163 

69635 

US 


45 

44448 

47022 

49586 

52137 

54677 

57205 

59722 

62227 

64721 

67204 

69676 

li) 

5 

0 

44491 

47065 

49628 

52179 

54719 

57247 

59764 

62269 

64763 

67245 

69717 

20 


15 

44534 

47108 

49671 

52222 

54761 

57289 

59806 

62311 

64804 

67287 

69758 

21 


30 

44577 

47151 

49713 

(;2264 

54803 

57331 

59847 

62352 

64846 

67328 

69799 

22 


45 

44620 

47194 

49756 

52307 

54846 

57373 

59889 

62394 

64887 

67369 

69840 

23 

6 

0 

44663 

47237 

49799 

52349 

54888 

57415 

59931 

61435 

64929 

67410 

69S81 

24 


15 

44706 

47279 

49841 

52391 

54930 

57457 

59973 

62477 

’64970 

67452 

69922 

25 


30 

44749 

473^2 

49884 

52434 

54972 

57499 

60015 

62519 

65011 

67493 

69963 

20 


45 

44792 

47365 

49926 

52476 

55014 

57541 

60056 

62560 

65053 

67534 

70004 

27 

7 

0 

44835 

47408 

49969 

52519 

55057 

575*3 

60098 

62602 

65094 

67576 

70045 

2« 


15 

44878 

47451 

50012 

52561 

55099 

57625 

60140 

62644 

65136 

67617 

70087 

2J) 


30 

44921 

47493 

50054 

52603 

55141 

57667 

60182 

62685 

65177 

67658 

70128 

30 


45 

44964 

47536 

50097 

52646 

55183 

57709 

60224 

62727 

65219 

67699 

70169 

31 

8 

0 

45007 

47579 

1 50139 

52688 

55225 

57751 

60266 

62769 

65260 

67741 

70210 

32 


15 

45050 

47622 

50182 

52731 

55268 

57793 

60307 

628 10 

65302 

67782 

70251 

33 


30 

45093 

47664 

50224 

52773 

55310 

57835 

60349 

1 62852 

65343 

67823 

70292 

34 


45 

45135. 

47707 

50267 

52815 

55352 

57877 

60391 

62893 

65384 

67864 

70333 

3r> 

9 

0 

45178 

47750 

50310 

52858 

55394 

57919 

60433 

62935 

65426 

67905 

70374 

36 


15 

45221 

47793 

50352 

52900 

55436 

57961. 

1 60475 

62977 

65467 

67947 

70415 

S 7 


30 

45264 

47835 

50395 

52942 

55479 

58003 

60516 

63018 

65509 

67988 

70456 

3a 


45 

45307 

47878 

50437 

52985 

55521 

58045 

60558 

63060 

65550 

1 68029 

70497 

30 

10 

0 

45350 

47921 

50480 

53027 

55563 

58087 

60600 

63101 

65.592 

68070 

70538 

40 


15 

45393 

47964 

50522 

53070 

55605 

58129 

60642 

63143 

65633 

68112 

70579 

41 


30 

45436 

48006 

50565 

53112 

55647 

58171 

60684 

63185 

65674 

68153 

70620 

42 


45 

45479 

48049 

50608 

53154 

55689 

58213 

60725 

63226 

65716 

68194 

70661 

43 

11 

0 

45522 

48092 

50650 

53197 

55732 

58255 

60767 

63268 

[ 65757 

68235 

70702 

44 


15 

45565 

48135 

50693 

53239 

55774 

58297 

60809 

63309 

65799 

68277 

70743 

4 o 


30 

45608 

48177 

50735 

53281 

55816 

58339 

60851 

63351 

65840 

68318 

70784 

40 


45 

45651 

48220 

50778 

533 M 

55858 

58381 

60892 

63393 

65881 

68359 

70825 

47 

12 

0 

45694 

48263 

50820 

53366 

55900 

58423 

60934 

63434 

65923 

68400 

70866 

40 


15 

45737 

48305 

50863 

RESi 


58465 

60976 

63476 

65964 

68441 

70907 

49 


30 

45779 

48348 

50905 

53451 

55984 

58507 

6x018 

63517 

66005 

68482 

70948 

60 


45 

45822 

48391 

50948 

53493 

56027 

58549 

61059 

63559 

66047 

68524 

70989 

51 

13 

0 

45865 

48434 

50990 

53535 

56069 

58591 

61 lOI 

63600 

66088 

68565 

71030 

62 


15 

45908 

48476 

51033 

53578 

56111 

58633 

61143 

63642 

66130 

68606 

71071 

53 


30 

45951 

48519 

51075 

53620 

56153 

58675 

61185 

63 b 83 

66171 

68647 

71112 

64 


45 

45994 

^562 

5x118 

53662 

56195 

58716 

6x226 

63725 

66212 

68688 

71153 

56 

14 

0 

46037 

4^604 

51x60 

53704 

56237 

58758 

61268 

63767 

66254 

68730 

71194 

56 


15 

46080 

48647 

51203 

53747 

56279 

58800 

613x0 

63808 

66295 

68771 

71235 

57 


30 

46123 

48690 

51245 

53789 

56321 

58842 

61352 

63850 

66336 

68812 

71276 

50 


45 

46166 

4873* 

51288 

53 * 3 » 

56363 

58884 

61393 

63891 

66378 

68853 

71317 

59 


PT" 3" r 5 '' G*' 7'' 8" ir 10 ' IV 12 ' 13' 14' 15' 


D. 43 . Parts 36 9 12 14 17 20 23 26 29 32 35 37 40 43 
D. 41 .. Parts 35 8 11 14 16 19 22 24 27 30 33 35 38 41 






TABLE 69 


809 


WO, SINE SQUARE 

75 ° ~ 76 ^ 77 ° 

15 '_ 30 ^ 45 ' O' 15 ^ :W 45 ' 0 ' 15 ' 30 ' 45 ' 

5h pu 5 h 2 tu Sh^in 5 h 4111 flb 5m 5 h (Jin 5h 5I1 3 in gh 9m 5 l> I 0 n> 6*> 1 1 "' 8. 

/ oVs Vs "9! Vs Vs ”9! "9^5 Vs Vs Vs 

0 0 71358 73811 76253 78684 81104 83513 85911 88299 90676 93042 95398 0 

1ft 71399 73852 76294 78724 81144 83553 ^5951 88339 90716 93082 95437 I 

30 71440 73893 76334 78765 81185^^3593 85991 88379 90755 93121 95477 2 

4 ft 71481 73933 76375 78805 Si225''83633 86031 88418 90795 93161 95516 3 

1 0 71522 73974 76415 78846 81265 ^3673 86071 88458 90834 93200 95555 4 

16 71563 74015 76456 78886 81305 83713 86111 88498 90874 93239 95594 6 

30 71604 74056 76497 789^6 81345 83753 86151 88537 90913 93279 9<;633 B 

45 71645 74097 76537 78967 81386 83793 86191 88577 90953 93318 95672 7 

2 0 71686 74137 76578 79007 81426 83834 86230 88617 90992 93357 95712 8 

1ft 71727 74178 76618 79048 81466 83874 86270 88656 91032 93397 95751 9 

30 71768 74219 76659 79088 81506 83914 86310 88696 91071 93436 95790 10 

45 71809 74260 76700 79128 81546 83954 86350 88736 91111 93475 95829 11 

3 0 71850 74300 76740 79169 81587 83994 86390 88775 91^50 935^4 95868 12 

15 71891 74341 76781 79209 81627 84034 86430 88815 91 190 93554 95907 13 

30 71932 74382 76821 79250 81667 84074 86470 88855 91229 93593 95946 14 

45 71973 74423 76862 79290 81707 84114 86509 88894 91269 93632 95986 15 

4 0 72013 74463 76902 79330 81747 84154 86549 88934 91308 93672 96025 16 

15 72054 74504 76943 79371 81788 84194 865X9 88974 91348 93711 96064 17 

SO 72095 74545 769S3 79411 81828 84234 86629 89013 91387 93750 96103 18 

45 72136 74586 77024 79451 81868 84274 86669 89053 91427 93790 96142 19 

5 0 72177 74626 77065 79492 81908 84314 86709 89093 91466 93829 96181 20 

15 72218 74667 77105 79532 81948 84354 86748 89132 91506 93868 96220 21 

30 72259 74708 77146 79573 81989 84394 86788 89172 91545 93907 96259 22 

45 72300 74748 77186 79613 82029 84434 86828 89212 91584 93947 96299 23 

6 0 72341 74789 77227 79653 82069 84474 86868 89251 91624 93986 96338 24 

15 72382 74830 7^67 79694 82109 84514 86908 89291 91663 94025 96377 25 

;10 72423 74871 77308 79734 82149 84554 86947 89330 91703 94065 96416 20 

45 72463 74911 77348 79774 82189 84594 86987 89370 91742 94104 96455 27 

7 0 72504 74952 77389 79815 82230 84634 87027 89410 91782 94143 96494 28 

^ 72545 74993 774^9 79^55 82270 84674 87067 89449 9^821 94182 96533 20 

30 72586 75033 77470 79895 82310 84714 87107 89489 91861 94222 96572 35 ” 

4 ft 75074 77510 79936 82350 84754 87146 89529 91900 94261 96611 31 

8 0 72668 75115 77551 79976 82390 84794 87186 89568 91939 94300 96650 32 

1 ft 72709 75156 77591 80016 82430 84834 87226 89608 91979 94339 96689 33 

30 72750 75196 77632 80057 82470 84874 87266 89647 92018 94379 96729 34 

‘ 4 ft 72791 75237 77672 80097 82511 84913 87306 89687 92058 94418 96768 35 

<J 0 72831 75278 77713 80137 82551 84953 87345 89727 9^097 94457 96807 36 

15 72872 75318 77754 80178 82591 84993 87385 89766 92137 94496 96846 37 

30 72913 75359 77794 80218 82631 85033 87425 89806 92176 94536 96885 38 

4ft 72954 75400 77834 80258 82671 85073 87465 89845 92215 94575 96924 39 

10 0 72995 7544^ 77^^75 80298 82711 85113 87504 89885 92255 94614 96963 40 

15 73036 75481 779^5 80339 82751 85153 87544 89925 92294 94653 97002 41 

30 73076 75522 77956 80379 82791 85193 87584 89964 92334 94693 97041 42 

45 73117 75562 77996 80419 82832 85233 87624 90004 92373 9473 ^ 97080 43 

11 0 73158 75603 78037 80460 82872 85273 87663 90043 92412 94771 97119 44 

15 73199 75644 78077 80500 82912 85313 87703 90083 92452 94810 97158 45 

30 73240 75684 78118 80540 82952 85353 87743 90122 92491 94850 97197 46 

4ft 73281 75725 78158 80581 82992 85393 87783 90162 92531 94889 97236 47 

12 0 73321 75766 78199 80621 83032 85433 87822 90202 92570 94928 97275 48 

^ 73562 75806 78239 80661 83072 85473 87862 90241 92609 94967 973 H 49 

30 73403 75847 78279 80701 83112 85513 87902 90281 92649 95006 97353 50 

45 73444 75887 78320 80742 83152 85552 87942 90320 92688 95046 97392 51 

13 0 73485 75928 78360 80782 83193 85592 87981 90360 92728 95085 9743^ 52 

15 73526 75969 78401 80822 83233 85632 88021 90399 92767 95124 97471 53 

30 73566 76009 78441 80862 83273 85672 88061 90439 92806 95163 97510 54 

45 73607 76050 78482 80903 83313 85712 88101 90478 92846 95202 97549 55 

14 0 73648 76091 78522 80943 83353 85752 88140 90518 92885 95242 97588 56 

15 73689 76131 78563 80983 83393 85792 88180 90558 92924 95281 97627 67 

30 73730 76172 78603 81023 83433 85832 88220 90597 92964 95320 97666 58 

45 73770 76212 78644 81064 83473 85872 8825 9 90637 93 003 9535 _ 9 _ 977£5 

sic. r 2" 3 " r 5 " 6" 7 ' 8' 0" 10 ' 11 ' 12 ' 13 ' 14 ' 16 ' 

D. 41 . Parts 3 5 8 ii 14 16 19 22 24 27 30 33 35 38 41 

D. 39 . Parts 3 5 8 10 13 15 18 21 23. 26 29 31 33 36 39 
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TABLE 69 


597744 00078 02403 
597783 001 17 02442 
597822 00156 02480 
597861 00195 02519 
597900 00234 02558 
597939 003173 02596 , 
597978 00311 02635 
598017 00350 02674 
598056 00389 02712 
598095 00428 02751 


598133 00467 02789 
598172 00505 02828 
598211 00544 02867 
598250 00583 02905 
598289 00622 02944 
598328 00661 02982 
598367 00699 03021 
598406 00738 03060 
598445 00777 03098 
598484 00816 03137 


598523 00854 03175 
598562 00893 03214 
598601 00932 03253 
598640 00971 03291 
598679 01009 03330 
598718 01048 03368 
598757 01087 03407 
598796 01126 03446 
598834 01164 03484 
598873 01203 03523 


598912 01242 03561 
598951 01281 03600 
598990 01319 03638 
599029 01358 03677 
599068 01397 03716 ' 
599107 01436 03754 
599146 01474 03793 
599185 01513 03831 
599224 01552 03870 
599262 01591 03908 
599301 01629 03947 
599340 01668 03986 
599379 01707 04024 
599418 01745 04063 
599457 01784 04101 
599496 01823 04140 
599535 01861 04178 
599574 01900 04217 
599612 01939 04255 
599651 01978 04294 
599690 02016 04332 
599729 02035 04371 
599768 02094 04409 
599807 02x32 04448 
599845 02x71 04486 
599884 02210 04525 
5999^3 ^*48 04563 
599962 02287 04602 
60000 X I 02326 04640 
600040 I 02364 04679 

D. 39. Parts 3 5 

D. 37. Parts 2 5 


07021 

09315 

11598 

13872 

07059 

09353 

11636 

13909 

07098 

0^91 

11674 

13947 

07136 

09429 

I17I2 


07174 

09467 

II750 

14023 

07213 

09505 

11788 

14061 

07251 

09544 

11826 

14098 

07289 

09582 

11864 

14136 

07327 

09620 

1 1902 

14174 

07366 

09658 

1 1940 

14212 


16135 

18388 

20632 

16173 

18426 

20669 

16210 

18463 

20706 

16248 

18501 

20744 

16285 

i 8 s 38 

20781 

16323 

18576 

0 

00 

00 

16361 

18613 

20855 

•16398 

18651 

20893 

16436 

18688 

20930 

16474 

18725 

20967 


12016 14287 
12054 14325 
12092 14363 
12130 14401 
12168 14438 
12205 ^447^ 
12243 14514 

12281 14552 
12319 14589 
12357 14627 
12395 14665 
12433 14703 
12471 14740 
12509 14778 
12547 14816 
12585 14854 
12622 14891 
12660 14929 
I 12698 14967 


12736 15005 17263 19511 
12774 *5042 *7300 19549 

12812 15080 17338 19586 
12850 15118 17376 19623 
12888 15155 17413 19661 
12926 15193 17451 19698 
12963 15231 17488 19736 
13001 15269 17526 19773 
13039 15306 17563 19810 
13077 15344 17601 19848 

*3^*5 *53^3 17638 19885 
13153 15419 17676 19922 
13191 15457 17713 19960 
13229 15495 17751 19997 
13266 15532 17788 20034 
13304 15570 17826 20072 
13342 15608 17863 20109 
13380 15645 17901 20146 
13418 15683 17938 20184 
13456 15721 17976 20221 
13493 15758 18913 20258 
13531 15796 18051 20296 

13569 15834 18088 20333 
13607 15871 18126 20371 
13645 15909 18163 20408 
13683 15947 18201 20445 
13720 15984 18238 20482 
13758 16022 18276 20520 
13796 I 16060 18313 20557 
1 1 3 8 183 5J[_ ^0594 

r 10" 11" 12" 13" 14" 16 

23 26 29 31 33 36 39 

• 22 25 27 29 32 34 37 


16511 

18763 

21005 

10 

16549 

18800 

21042 

11 

16586 

18838 

21079 

12 

16624 

18875 

21116 

l.^ 

16662 

18913 

21154 

U 

16699 

18950 

21191 

15 

16737 

18987 

21228 

10 

16774 

19025 

21266 

*7 

16812 

19062 

21303 

18 

16850 

19100 

21340 

10 

16887 

19137 

21377 

20 

16925 

19175 

21415 

21 

16962 

19212 

21452 

22 

17000 

19249 

21489 

23 

17037 

19287 

21526 

24 

17075 

193^4 

21564 

26 

17113 

19362 

21601 

26 

17150 

19399 

21638 

27 

17188 

19436 

21675 

28 

17225 

19474 

2171Z 

29 

17263 

19511 

21749 

30^ 

17300 

19549 

21787 

31 

17338 

19586 

21824 

32 

17376 

19623 

21861 

33 

17413 

19661 

21899 

34 

i745> 

19698 

21936 

35 

17488 

19736 

21973 

36 

17526 

19773 

22010 

37 

17563 

19810 

22047 

38 

17601 

19848 

0 

oc 

30 

17638 

19885 

22 1 22 

40 

17676 

19922 

22159 

41 

17713 

19960 

22196 

42 

17751 

19997 

22233 

43 

17788 

20034 

22271 

44 

17826 

20072 

22308 

45 

17863 

20109 

22345 

46 

17901 

20146 

22382 

47 

17938 

20184 

22419 

48 

17976 

20221 

22456 

40 

18913 

20258 

22494 

60 

18051 

20296 

22531 

61 

18088 

20333 

22568 

52 

18126 

20371 

22605 

63 

18163 

20408 

22642 

64 

18201 

20445 

22679 

55 

18238 

20482 

22717 

56 

18276 

20520 

12754 

«7 

18313 

»0557 

22791 

58 

18351 

20594 

22828 

50 

12" 13" 

14" 16' 

















TABLE 69 


8U 




9*6 9*6 9*6 9*6 9*6 9*6 

31701 33886 36061 38226 40383 4^52^9 44666 

31738 33922 36097 38263 40418 42565 44702 

31/^4 33958 36133 38299 40454 42601 44737 

31811 33995 36169 38335 4049c 42636 44773 

31847 34031 36206 38371 40526 42672 44808 

31884 34067 36242 38407 40562 42708 44844 

31920 34104 36278 38443 40598 4^743 44880 

31956 34140 36314 38479 40633 42779 449*5 

3*993 34*76 36350 38515 40669 42815 44951 

32029 342^ 36386 38551 40705 4^850 44986 

32066 34249 36422 38587 4074* 42886 45022 

32102 34285 36459 38622 40777 4^9^^145057 

32139 34322 36495 38658 40813 4^957 45093 

32175 34358 36531 38694 40848 42993 45*^8 

32212 34394 36567 38730 408S4 43029 45*64 

32248 34430 36603 38766 40920 43064 45199 

32285 34467 36639 38802 4095^ 43100 45235 

32321 34503 36676 38838 40992 43*36 45^70 

32357 34539 .36712 38874 41027 43171 45306 

32394 34576 367481 38910 41063 43207 4534* 
32430 "34612 36784 38946 4*099 43243 453771 

32467 34648 36820 3S982 4**35 43278 454*2] 

32503 34684 36856 39018 4117* 433*4 45448 

32540 34721 36892 39054 41206 43349 45483 

32576 34757 36928 39090 41242 43385 455*9 

326^3 34793 36964 39126 41278 43421 45554 

32649 34829 37000 39162 41314 43456 45590 

32685 34866 37037 39198 41350 43492 45625 

32722 34902 37073 39234 4*385 43528 45660 

32758 34938 37109 39270 4*42* 43563 45696 


34975 37*45 393o6 4*457 43599 4573* 
35011 37181 39342 4*493 43635 45767 

35047 37217 39378 4*529 43670 45802 
35083 37253 394*4 4*564 43706 458,38 
35120 37289 39449 4*600 43741 45873 
35156 37325 39485 4*636 43777 45909 
35*92 37361 39521 4*672 43813 45944 
35228 37397 39557 4*707 43848 4598© 
35265 37434 39593 4*743 43884 46015 
3530* 37470 39629 4*779 439*9 46050 
35337 37506 39665 4*8*5' 43955 46086 
35373 37542 3970* 4*850 4399* 46*21 
35409 37578 39737 4*886 44026 46157 
35446 37614 39773 4*922 44062 46192 
35482 37650 39808 4*958 44097 46228 
355*8 37686 39844 41993 44*33 46263 
35554 37722 39880 42029 44169 46298 
35590 37758 399*6 42065 44204 46334 
35627 37794 39952 42*01 44240 46369 
35663 37830 1 39998 42136 44275 46405 

4217 
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TABLE 69 


LOG. SINE SQUARE 


3^ 5^ 3r>» 


6^ so*" 6 ^ 40™ 6'* 41™ 6*‘ 42™ 6*‘ 43"' 6'' 44' 


, 9-6 9*6 

46794 48913 
46829 48948 
46865 48983 
46900 49018 
46936 49053 
46971 49089 
47006 49124 
47042 49159 

47077 49194 
47113 49^30 
‘ 47148 49265 
47183 49300 
47219 49335 
47254 49370 
47289 49406 

47325 49441 

47360 49476 
47395 49511 
47431 49546 

47466 49582 
47501 49617 
47537 49652 
•47572 49687 
47607 49722 
47643 49757 

47678 49793 
47713 49828 
47749 49863 
47784 49898 

47819 49933 


47854 49968 
47890 50003 

47925 I 50039 

47960 50074 
47996 50109 
48031 50144 
48066 50179 
48102 50214 
48137 50249 
48172 50285 


48207 1 50320 
48243 50355 
48278 50390 
48313 50425 
48349 50460 

48384 50495 
48419 50530 
48454 50566 

48490 50601 
48525 50636 


48560 50671 













TABLE 69 
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s'* 45 °* S'* 46 ™ 1 5 " 47 "' 
69594 7 



45 

69830 

71848 

73857 

2 0 

69864 

71882 

73890 

16 

69898 

719*5 

73924 

30 

69931 

71949 

73957 

45 

69965 

71982 

7399 * 

3 0 

69999 

72016 

74024 

15 

70032 

72049 

74058 

30 

70066 

72083 

74091 

45 

70100 

72116 

74124 

4 0 

70133 

72150 

74158 

15 

70167 

72184 

74191 

30 

70201 

72217 

74224 

45 

70234 

72251 

74258 

6 0 

70268 

''•a 

00 

4 - 

74291 

16 

70302 

7 ^ 3*8 

74325 

30 

70336 

72351 

74358 

45 

70369 

72385 

7439 * 

6 0 

70403 

72418 

74425 

15 

70437 

72452 

74458 

30 

70470 

72485 

7449 * 

45 

70504 

725*9 

74525 

7 0 

70538 

72552 

74558 

15 

70571 

72586 

74592 

30 

70605 

72619 

74625 

*6 

70638 

72653 

74658 

8 0 

70672 

72686 

74692 

15 

70706 

72720 

74725 

30 

70739 i 

72753 

74758 

45 

70773 

72787 

74792 

9 0 

70807 

72820 

74825 

15 

70840 

72854 

74858 

30 

70874 

72887 

74892 

45 

70908 

72921 

74925 

10 0 

70941 

72954 

74958 

15 

70975 

72988 

74992 

30 

71008 

73021 

75025 

45 

71042 

73054 

75058 

11 0 

71076 

73088 

75092 

15 

7 1 109 

73121 

75*25 

30 

71143 

73*55 

75*58 

45 

71176 

73*88 

75192 

12 0 

71210 

73222 

75225 

15 

71244 

73255 

75258 


LOG. SINE SQUARE 
87 *" [ 

0^ 15^ 30^ I 45^ 

fjh 48 “* 5 ^ 49 '» 5 ‘* 50 ‘« 5 *' 51 ™ i 


9 * ✓ V ^ 

75624 77617 79601 81576 
75658 77%o 79634 81609 
75691 77683 79667 81642 
75724 77716 79700 81674 
75757 77749 79733 81707 
7579* 77783 79766 81740 
75824 77816 79799 81773 
75857 77849 79832 81806 
75891 77882 79865 81839 
75924 77915 798^ 81872 
75957 77948 79930 81904 
75990 77981 79963 81937 
76024 78014 79996 81970 
76057 78047 80029 82003 
76090 78081 80062 82036 
76123 78114 80095 82068 
76157 78147 80128 82101 
76190 78180 8oi6t 82134 
76223 78213 80194 ‘82167 
76256 78246 80227 82200 


76290 78279 80260 82232 1 
76323 7S312 80293 82265 
76356 78345 80326 82298 
76389 78378 80359 82331 
76422 78411 80392 82364 
76456 78445 80425 82396 
76489 78478 80458 82429 
76522 78511 80491 82462 
76555 78544 80524 82495 
76589 78577 80557 I 8252S 


76622 78610 80589 82560 
76655 78643 80622 82593 
76688 78676 80655 82626 
76721 78709 80688 82659 
76755 78742 80721 82691 
76788 78775 80754 82724 
76821 78808 80787 82757 
76854 78841 80820 82790 
76887 78874 80853 82822 
76920 78907 80886 82855 


52 ™ 5 »' 53 ™ 



|5h 54ni|5h 55m I 
96 

87450 89391 
87482 89423 
87515 89456 
87547 89488 
87580 89520 
87612 89552 
87644 89585 
87677 89617 
87709 89649 
I 87742 89681 


87774 89714 
87806 89746 j 
87839 89778 
87871 89811 
87904 89843 
87936 89875 
87968 89907 
88001 89939 
88033 89972 
88066 90C04 


88098 90036 
88130 90068 
88163 90101 
88195 90133 
8S227 90165 
88260 I 90197 
S8292 j 90230 
88325 I 90262 
88357 ' 90294 
88389 j 90326 


88422 90358 
88454 90391 
88486 90423 
88519 90455 
88551 90487 
88583 90519 
88616 90552 
88648 90584 
88680 90616 
88713 90648 
88745 90680 
88777 90713 
88810 90745 
88842 90777 
88874 90809 
88907 90841 
88939 90873 
88971 90905 
89003 90938 
89036 90970 
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TABLE 69 


1 LOO. SINE SQUARE | 



89® 1 

90® 1 

91® 1 




0' 

15' 

30' 

46' 

0' 

15 ' 

30' 

45 ' 

0' 

15 ' 

30' 




S'* 66™ 

5h 57111 

S'* 58 ™ 

S'* 59 ™ 

gh 0™ 

6** 1™ 

6'* 2™ 

fj'i 3in 

gh 4111 

6** 6*“ 

gh 6m 

0 . 

$ 

n 

9*6 

96 

9*6 

9-6 

9 * 

9'7 

9‘7 

9*7 

9*7 

9*7 

97 


0 

0 

91324 

93248 

95163 

97071 

698970 

00861 

02743 

04618 

06484 

08342 

10192 

0 


15 

91356 

93280 

95195 

97103 

699002 

008 92| 

02775 

04649 

06515 

08373 

10223 

1 


30 

91388 

93312 

95227 

97134 

699033 

OOQ 24 

02806 

04680 

06546 

08404 

10254 

2 

1 

45 

91420 

93344 

95^59 

97166 

699065 

00955 

02837 

04711 

06577 

08435 

10285 

3 

0 

91452 

93376 

95291 

97198 

699096 

00987 

02869 

04742 

06608 

08466 

10315 

4 


15 

91484 

93408 

95323 

97229 

699128 

01018 

02900 

04774 

06639 

08497 

10346 

5 


30 

91516 

93440 

95355 

97261 

699159 

01049 

02931 

04805 

06670 

08528 

10377 

6 


45 

91548 

93472 

95386 

97293 

699191 

oio8x 

02063 

04836 

06701 

o85(;8 

X0408 

7 

2 

0 

91581 

93504 

95418 

97:25 

699223 

01112 

02994 

04867 

06732 

08589 

10438 

8 


15 

91613 

93536 

95450 

97356 

699254 

01144 

03025 

04898 

06763 

08620 

10469 

9 


30 

9164.5 

93568 

95482 

97388 

699286 

01175 

03056 

04929 

06794 

08651 

10500 

10 

3 

45 

91677 

93600 

95514 

97420 

699317 

01207 

03088 

04961 

06825 

08682 

10531 

11 

0 

91709 

93632 

95546 

97451 

699349 

01238 

03119 

04992 

06856 

08713 

10561 

12 


15 

91741 

93664 

95577 

97483 

699380 

01269 

03150 

05023 

06887 

08744 

10592 

13 


30 

91773 

93695 

95609 

97515 

699412 

01301 

031S2 

05054 

06918 

08775 

10623 

14 


45 

91805 

93727 

95641 

97546 

699443 

0133^ 

03213 

05085 

06949 

08805 

10653 

15 

4 

6 

91838 

93759 

95673 

97578 

699475 

01364 

03244 

05116 

06980 

08836 

X0684 

10 


15 

91870 

93791 

95705 

97610 

699506 

01395 

03275 

05147 

07011 

08867 

10715 

17 


30 

91902 

93823 

95737 

97641 

699538 

01426 

03307 

05179 

07042 

08898 

10746 

18 


45 

91933 

93855 

95768 

97673 

699570 

01458 

03338 

05210 

07073 

08929 

10776 

19 

5 

0 

91966 

93887 

95800 

97705 

699601 

01489 

03369 

05241 

07104 

08960 

10807 

20 


15 

91998 

93919 

95*32 

97737 

699633 

0x521 

03400 

05272 

07135 

08991 

10838 

21 


30 

92030 

93951 

95864 

97768 

699664 

01552 

03432 

05303 

07166 

09021 

10869 

22 

6 

45 

92062 

93983 

95896 

97800 

699696 

01583 

03463 

05334 

07197 

OQOS2 

10899 

23 

0 

92094 

94015 

95927 

97831 

699727 

01615 

03494 

05365 

07228 

09083 

10930 

24 


15 

92126 

94047 

95959 

97863 

699759 

01646 

03525 

05396 

07259 

091 14 

10961 

25 


30 

92x58 

94079 

95991 

97895 

699790 

CI678 

03557 

05428 

07290 

09145 

10991 

20 


45 

92190 

94111 

96023 

97926 

699822 

01709 

0358S 

05459 

07321 

09176 

1 1022 

27 

7 

0 

92223 

94143 

96055 

97958 

699853 

01740 

03619 

05490 

07352 

0 Q 207 

11053 

28 


15 

92255 

94175 

96086 

97990 

699885 

01772 

03650 

05521 

07383 

09237 

11083 

29 


30 

92287 

94207 

96118 

98021 

699916 

01803 

03682 

0555 ^ 

07414 

09268 

11114 

30 


45 

92319 

94239 

96150 

98053 

699948 

01834 

03713 

05583 

07445 

09299 

1 1 145 

31 

8 


92351 

94270 

96182 

98085 

699979 

01866 

P 3744 

05614 

07476 

09330 

11176 

32 


15 

92383 

94302 

96214 ' 

98116 

7000 I I 

01897 

03775 

05645 

07507 

09361 

11206 

33 


30 

92415 

94334 

96245 

98148 

700042 

01929 

03807 

05676 

07538 

09392 

11237 

34 


45 

92447 

94366 

96277 

98180 

700074 

01960 

03838 

05707 

07569 

09422 

1 1268 

35 

9 

Hi 

92479 

94398 

96309 

98211 

700105 

01991 

03869 

05739 

07600 

09453 

11298 

36 


15 

92511 

94430 

96341 

98243 

700137 

02023 

03900 

05770 

07631 

09484 

11329 

37 


30 

9^543 

94462 

96372 

98275 

700168 

02054 

03932 

05801 

07662 

09515 

11360 

38 


45 

9^575 

94494 

96404 

98306 ( 700200 

02085 

03963 

05832 

07693 

09546 

11390 

39 

10 

0 

92607 

94526 

96436 

98338 

7002 3 1 

02117 

03994 

05863 

07724 

09576 

11421 

40 


15 

92639 

94558 

96468 

98370 

70026“^ 

02148 

04025 

05894 

07755 

09607 

11452 

41 


30 

92671 

94590 

96499 

98401 

700294 

02179 

04056 

059^5 

07786 

09638 

11482 

42 

1) 

45 

92703 

94621 

96531 

98433 

700326 

022 IX 

04088 

05956 

07817 

09669 

11513 

43 

0 

9^735 

94653 

96563 

98464 

700357 

02242 

041 19 

05987 

07847 

09700 

11544 

44 


15 

92767 

94685 

96595 

98496 

7C038Q 

02274 

04150 

06018 

07878 

09730 

11574 

45 


30 

92800 

94717 

96627 

98528 

700420 

02305 

04181 

06049 

07909 

09761 

11605 

46 

12 

45 

92832 

94749 

96658 

98559 

700452 

02336 

04212 

06080 

07940 

09792 

11636 

47 

0 

92864. 

94781 

96690 

98591 

700483 

02368 

04244 

06112 

07971 

09823 

11666 

48 


15 

92S96 

94813 

96722 

98622 

7005 1 5 

02399 

04275 

06143 

08002 

09854 

11697 

49 


30 

92928 

94845 

9^754 

98654 

700546 

02430 

04306 

06174 

08033 

09884 

11728 

60 

la 

45 

92960 

94877 

567*5 

98686 

700578 

02462 

04337 

06205 

08064 

09915 

11758 

61 

0 

92992 

94909 

96817 

98717 

700609 

02493 

04368 

06236 

08095 

09946 

117*9 

52 


15 

93024 

94940 

96849 

98749 

700641 

02524 

04400 

06267 

08126 

09977 

11820 

53 


30 

93056 

94972 

96881 

98780 

700672 

02556 

04431 

06298 

08157 

10008 

X1850 

54 

14 

45 

93088 

9 SC 04 

96912 

98812 

700702 

02587 

04462 

06329 

08 188 

10038 

X1881 

55 

0 

93120 

95036 

96944 

98844 

700735 

02618 

04493 

06360 

08219 

10069 

1x912 

56 


15 

93152 

95068 

96976 

98875 

700766 

02649 

04524 

06391 

08249 

10100 

1x942 

67 


30 

93184 

95100 

97007 

98907 

700798 

02681 

04556 

' 06422 

08280 

10X3X 

11973 

58 


45 


i 95132 

97039 

98938 

700829 

02712 

04587 

06453 

08311 

10x61 

12004 

69 




Sec. r 

2" :v 4 

6' 6" 

7^ 8-^ 

9* 10' 

ir 12- 

13 ' 14 ' 16 ' 





D. 

3 * 2 . Turts 2 

4 6 5 

II 13 

15 17 

19 Zl 

23 26 

28 30 32 















TABLE 69 


815 




13868 

15694 

17512 

,19322 

13899 

15725 

17542 

* 9352 t 

13929 

15755 

17573 

19382 

13960 

15785 

17603 

19412 

13990 

15816 

17633 

19443 

140ZI 

15846 

17663 

19473 

1405 1 

15876 

17693 

19503 

14082 

15907 

17724 

19533 

141 12 

15937 

*7754 

19563 

I4142 

15967 

17784 

19593 

HI73 

15998 

17814 

19623 

14203 

16028 

17845 

19653 

14234 

16058 

17875 

19683 

14264 

16089 

17905 

19713 

14295 

16119 

*7935 

19743 

14325 

16149 

17965 

19773 

14356 

16180 

17996 

19804 

14386 

16210 

18026 

19834 

14417 

16240 

18056 

19864 

14447 

16271 

18086 

19894 

I447H 

16301 

18116 

19924 

14508 

16331 

18147 

19954 

14539 

16362 

18177 

19984 

14569 

16392 

18207 

20014 

14599 

16422 

18237 

20044 

14630 

16453 

18267 

20074 

14660 

16483 

18297 

20104 

14691 

16513 

18328 

20134 

14721 

16544 

18358 

20164 

14752 

16574 

18388 

20194 

14782 

16604 

18418 

20224 

14813 

16634 

18448 

20254 

14843 

16665 

18479 

20284 

14873 

16695 

18509 

20314 

14904 

16725 

*8539 

20344 

14934 

16756 

18569 

20374 

14965 

16786 

18599 

20405 

14995 

16816 

18629 

20435 

15026 

16846 

18659 

20465 

15056 

16877 

18690 

20495 

15086 

16907 

18720 

20525 

15117 

16937 

18750 

20555 

15147 

16967 

18780 

20585 

15178 

16998 

18810 

20615 

15208 

17028 

18840 

2064.5 

15238 

17058 

18870 

20675 

15269 

17089 

18901 

20705 

15299 

I7II9 

18931 

20735 

15330 

17149 

18961 

20765 

15360 

17179 

18991 

20705 


45 1 1383 S 
























816 


TABLE 69 






























TABLE 69 


817 


LOO. SINE SQUARE 


6x091 

62x18 

62145 

62172 

62199 

62226 

62253 

62280 

62307 

62334 


60740 62361 
60767 62388 
60794 62415 
60821 62442 
60848 62468 
60875 6^495 
60902 62522 
60929 62549 
60956 62576 
60983 62603 
61010 62630 
61038 62657 
61065 62684 
61092 62711 
61119 62,738 
61146 62765 
61173 62792 




61200 62819 
61227 62845 
61254 62872 


62899 

62926 

62953 

62980 

63007 

63034 

63061 

63088 

63115 

63141 


63168 

63195 

63222 

63249 

63276 

63303 

63330 

63357 

63384 

63410 


61821 63437 
61848 63464 
61875 63491 
61902 63518 
61929 63545 
61956 63572 
61983 63598 
62010 63625 
62037 63652 
62064 63679 


63706 65314 66914 
63733 65340 66941 
63760 65367 66968 
63786 65394 66994 
63813 65421 67021 
63840 65447 67047 
63867 65474 67074 
63894 65501 67101 
63921 65527 67127 
63948 65554 67154 


63974 65581 67180 1 
64001 65608 67207 
64028 65634 67234 
64055 65661 67260 
64082 65688 67287 
64108 65714 67313 
6413s 65741 67340 
64162 65768 67367 
64189 65795 67393 
64216 65821 67420 


64243 65848 67446 20 

64269 65875 67473 21 

64296 65901 67499 22 

64323 65928 67526 23 

64350 65955 67553 24 

64377 65981 67579 25 

64403 66008 67606 26 

64430 66035 .67632 27 

64457 66061 67659 28 

64484 66088 67685 29 


64511 66115 67712 
64537 66141 67739 
64564 66168 67765 
64591 66195 67792 33 

64618 66221 67818 34 

64645 66248 67845 35 

64671 66275 67871 36 

64698 66302 67898 37 

64725 66328 67924 38 

64752 66355 67951 39 

64778 66382 67977 40 

64805 66408 68004 41 

64832 66435 68031 42 

64859 66462 68057 43 

64886 66488 680S4 44 

64912 66515 68x10 45 

64939 66541 68137 46 

64966 66568 68163 47 

64993 66595 68190 
65019 66621 68216 


65046 66648 68243 
65073 66675 68269 
65100 66701 68296 
65126 66728 68322 
6s>53 66755 68349 
65180 66781 68375 
65207 6680$ 68402 
65233 66834 68428 
65260 66861 68455 
65287 66888 68481 


Sec. 1 " r 3 ' 4 ' 5 ' 6" 7 '" 8" 9 " 10 ' ll' 12 ' 13 ' 14 ' 15 ' 
D. 27. Parts X 4 5 7 9 II 13 14 16 iS 20 22 23 25 27 


3 a 





















818 


TABLE 69 


LOO. SINE SQUARE 


6h44m 

gh 45m 

6*'46™ 

gh 47111 

9‘7 

74812 

74838 

74864 

74890 

74916 

74942 

74968 

74994 

75020 

75046 

9*7 

76371 

76^7 

765:23 

76448 

76474 

76500 

1 76526 
76552 

7657* 

76604 

9*7 

77922 

77948 

77974 

78000 

78026 

78051 

78077 

78103 

78129 

78155 

9*7 

79467 

79493 

795*9 

79544 

79570 

79596 

79621 

79647 

79673 

79698 



30 78180 79724 81261 82791 

75098 76656 78206 79750 81286 82816 

75124 76682 78232 79775 81312 82842 

75150 76707 78258 79801 81338 82867 

75176 76733 78284 79827 81363 82893 

75202 76759 78309 79852^ 81389 82918 

75228 76785 78335 79878 81414 82943 

75254 76811 78361 79904 81440 82969 

75280 76837 78387 799^9 ^*465 82994 

75306 76863 78412 79955 81491 83020 

75332 76889 78438 79981 81516 83045 

75358 76915 78464 80006 81542 83071 

75384 76940 78490 80032 81567 83096 

75410 76966 78515 80058 81593 83121 

75436 76992 7854^ 80083 81618 83147 

75462 77018 78567 80109 81644 83172 

75488 77044 78593 80134 81669 83198 

75514 77070 78618 80160 81695 83223 

75540 77096 78644 80186 81721 83248 

75566 77122 78670 80211 8 1746 83274 

75592 77147 78696 80237 81772 83299 

75618 77173 7872^1 80263 81797 83325 

75644 77*99 78747 80288 81823 83350 

75670 77225 78773 80314 81848 83375 

75696 77251 78799 80340 81874 83401 

75722177277 78824 80365 81899 83426 

75748:77303 78850 80391 81925 83452 

75774177328 78876 80416 81950 83477 

75800 1 77354 78902 80442 81976 83502 

75826 1 77380 78927 80468 82001 8352^ 

■ 75852 77406 78953 80493' 82027 83553 

75878 77432 78979 80519 82052 83579 

75904 77458 79005 80544 82078 83604 

' 75930 77483 79030 80570 82103 83629 

75956 77509 79056 80596 82129 83655 

75982 77535 79082 80621 82154 83680 

76008 77561 79107 80647 82180 83705 

76034 77587 79*33 80672 82205 83731 

I 76060 77613 79159 80698 82231 83756 

I 76085 77638 79184 80724 82256 83782 

" 76111 77664 79210 80749 82282 83807 

! 76137 77690 79236 80775 82307 83832 

. 76163 777*6 79262 80799 82333 83858 

) 76189 77742 79287 80826 82358 83883 

i 76215 77768 79313 80852 82384 83908 

. 76241 77793 79339 80877 82409 83934 

! 76267 77819 79364 80903 82434 83959 

- 76293 77845 79390 80928 82460 83985 

> 76319 7787* 794*, 6 80954 82485 84010 

> 76345 77897 7944^ 80980 82511 84035 

r b " 6' T ff' 9 ^^ 10" lU 12" 13" 14" 15" 

7 9 xo 12 14. 15 17 *9 ** *4 »6 










TABLE 69 


810 


LOG. SINE SQUARE 


15^ 30^ 45' 0' 15' 30^ 

53"> 54 «" fih oam fih sfim [eh 67™ 6»> 68 


0 ' I 45^ 
58™ 1 6** 69™ 



•jh Qm 7h 1 




Sec. r 2" 3" 4" 6^ 6*' T 9' 10' IT 12' 13' 14' 15' 
D. 25. Parts 2 3 5 7 8 lo i» 13 1$ 17 18 ao aa a3 25 










1 105° 1 

30^ 

45' 

-h 2 'n 

3 ni 

9 * 80 

9 *8 o 

1828 

3266 

1852 

3290 

1876 

3314 

1900 

333* 

1924 

3362 

1948 

33*5 

1972 

3409 

1996 

3433 

2020 

3457 

2044 

3481 

2068 

3505 

2092 

3529 

2116 

3553 

2140 

3577 

2164 

3601 

2188 

3624 

2212 

3648 

2236 

3672 

2260 

3696 

2284 

3720 

2308 

3744 

2332 

3768 

^356 

3792 

2380 

3815 

2404 

3839 

2428 

3863 

2452 

3887 

2476 

39” 

2500 

3935 

15£4 

3959 

2548 

3982 

2572 

4006 

2596 

4030 

2620 

4054 

2644 

4078 

2668 

4102 

2692 

4125 

2716 

4149 

2740 

4173 

2764 

4197 

2787 

4221 

2811 

4245 

*835 

4269 

2859 

4292 

2883 

4316 

2907 

4340 

2931 

4364 

2955 

4388 

2979 

4411 

3003 

4435 



m 

70 


O' 

IS' 

80 ' 

45 ' 

Jh gm 

7h 9m 

7h 10™ 

7 “ 11 '" 7 

9*8 

9-8 

9-8 

9*8 

10357 

11756 

13149 

14535 

US581 

11780 

13172 

14558 

10404 

11803 

13195 

14581 

10427 

11826 

13219 

14604 

10451 

11849 

13242 

14628 

10474 

11873 

13^65 

14651 

10498 

11896 

13288 

14674 

10521 

11919 

13311 

14697 

10544 

1 1942 

13334 

14720 

10568 

1 1966 

13357 

14743 

10591 

11980 

13381 

14766 

10614 

12012 

13404 

14789 

10638 

12033 

13427 

14812 

10661 

12059 

13450 

14835 

10684 

12082 

13473 

14858 

10708 

12105 

13496 

14881 

10731 

12128 

13519 

14904 

10754 

12152 

13543 

14927 

10778 

i'».i 75 

13566 

14950 

10801 

12198 

13589 

14973 

10824 

12221 

13612 

14996 

10848 

1224s 

13635 

15019 

10871 

12268 

13658 

15042 

10S94 

12291 

13681 

15065 

10918 

12314 

13704 

15088 

10941 

”337 

13727 

15111 

10964 

12361 

13751 

15134 

10988 

12384 

13774 

15157 

iioi 1 

12407 

13797 

15180 


”430 

13820 

15203 

1 1058 

”453 

13843 

15226 

11081 

”477 1 

13866 

15249 

11 104 

12500 

13889 

15272 

11T27 

12523 1 

13912 

15295 

11151 

12546 

13935 

15318 

1 1 174 

12570 

13958 

15341 

11198 

12593 

13982 

153H 

1 1221 

12616 

14005 

15387 

1 1244 

12639 

14028 

15410 

11267 

12662 

14051 

15433 

11291 

12686 

14074 

15456 

11314 

12709 

14097 

15479 

11337 

12732 

14120 

15502 

11361 

”755 

14143 

15525 

11384 

12778 

14166 

15548 

11407 

12801 

14189 

15571 

11431 

12825 

14212 

15594 

11454 

12848 

14235 

15617 

11477 

12871 

14259 

15640 

11500 

12894 

14282 

15663 

^ 0 /: " 


Sec. 1* 2' 3" 4^ 
Parto 4356 


I X ‘-y ! -TJ'J “j -/ 

10147 1 1547 * 43 ^^ 15709 17083 

10170 11570 12964 14351 15732 17106 

10194 11594 12987 14374 15755 171^9 

10217 11617 13010 14397 15778 *715^ 

10241 11640 13033 1443^0 15801 17175 

10*64 11663 13056 14443 15823 17198 

10287 11687 13080 14466 15846 17220 

10311 11710 13103 14489 15869 * 7^43 

1 0334 11733 13126 14512 15892 17266 

3# 9-r 10-r 13^ 14' 16' 

8 10 II 1% 14 16 18 19 21 22 2 ^ 




TABLE 69 


30 ' 

45 ' 

0' 

Jh I4111 

yh i5ni 

yh ifim 

9-8 

9*8 

9-8 

18656 

20017 

21372 

18679 

20040 

21395 

18702 

20063 

21417 

18724 

20085 

21440 

18747 

20108 

21462 

18770 

0 

0 

21485 

18793 

20153 

21507 


LOG. SINE SQUARE 
109 ^ 

15‘ 30' 45 ' 0 ' 

Jh ijm Jh ijjm Jh ]9ni yh 20"« 


22047 23392 24732 26065 
22070 23415 24754 26087 
22092 23437 24776 26109 
221 15 23460 24799 26131 
22137 23482 24821 26153 
22159 ^3504 24843 26176 
22182 23527 24865 26198 
22204 23549 24888 26220 
22227 23571 24910 26242 
22249 23594 249^2 26264 
22272 23616 24954 26286 
22294 23639 24977 26309 
22317 23661 24999 26331 
22339 23683 25021 26353 
22362 23706 25043 26375 
22384 23728 25066 26397 
22406 23750 25088 26419 
22429 23773 25 1 10 26441 
22451 23795 25132 26463 
22474 23817 25155 26486 
22496 23840 25177 26508 
22519 23862 25199 26530 
22541 23884 25221 26552 
22564 23907 25243 26574 
22586 23929 25266 26596 
22609 ^395^ 25288 26618 
22631 23974 25310 26641 
22653 23996 25332 26663 
22676 24018 25355 26685 
24041 25377 26707 


Sec. 2 ' 3 ' 4' 6' 6' 7' 8' 9' 10' 11' 12' 13' 14' 16' 
D. 23. Parts 23 56 8 9 11 12 14 15 17 18 20 22 23 
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822 


TABLE 69 


LOO. SINE SQUARE 


30 ^ 45 ' 0 ' 15 ' 30 ^ 45 ' 

7** 30™ 7‘* 31™ 7*‘ 32™ 7** 33™ 7*» 34™ 7*^ 35™ 



Sec. r 2^ 3' 4* 6' 6' 7' S'" 9' 10' IT 12' 1.3' 14' 15' 
I). 21 . Parts 13467 8 10 II 13 14 IS 17 18 »o zi 













TABLE 69 


823 


LOG. SINE SQUARE 




114 ° 

115 ° 

116 ° 

B 



‘ 0' 

15 ' 

30 ' 

45 ' 

0' 

15 ' 

80 ' 

45 ' 

0' 

15 ' 

30 ' 




71. 

71. 37... 

711 3giii 

7h 391.. 

7h 40 in 

7 h 41 m 

42m 

43 nj 

7 ‘‘ 44 "» 

7h 4501 

•Jh 4(5in 

s. 

/ 

// 

9*8 

9-8 

9*8 

9-8 

9-8 

9-8 

9*8 

9*8 

9*8 

9*8 

9*8 


K 


47183 

48410 

49632 

50848 

52058 

53263 

54461 

55654 

56841 

■58022 

59198 

0 


15 

47203 

48431 

49653 

50868 

52078 

^3283 

54481 

55674 

56861 

58042 

59217 

1 


Kni 

47224 

48451 

49673 

50889 

52099 

33303 

54501 

55694 

56880 

58061 

59237 

2 


45 

47244 

48472 

49693 

50909 

52119 

53323 1 54521 

55713 

56900 

^8081 

59257 

3 

1 

0 

47265 

48492 

49713 

50929 

52139 

53343 

54541 

55733 

56920 

58101 

59276 

4 


15 

47285 

48512 

49734 

50949 

52159 

53363 

54^561 

55753 

56940 

58120 

59295 

5 


30 

47306 

48533 

49754 

50969 

52179 

53383 

54581 

55773 

56959 

58140 

59315 

6 


45 

47326 

48553 

49774 

50990 

52199 

53403 

54601 

55793 

56979 

58160 

59334 

7 

2 

0 

47347 

48574 

49795 

51010 

52219 

53423 

54621 

55*13 

56999 

58179 

59354 

8 


15 

47367 

48594 

49815 

0 

0 

52239 

53443 

54640 

55832 

57019 

58199 

59373 

9 

■ 


47388 

48615 

49835 

51050 

52260 

53463 

54660 

55852 

57038 

58219 

59393 

10 

■ 

tl 

47408 

48635 

49856 

51071 

52280 

53483 

54680 

55872 

57058 

58238 

59413 

11 

3 

0 

47429 

48655 

49876 

51091 

52300 

53503 

54700 

55892 

57078 

58258 

59432 

12 


15 

47449 

48676 

49896 

51111 

52320 

53523 

54720 

55912 

57097 

58277 

59452 

13 


30 

47470 

48696 

49917 

51131 

52340 

53543 

54740 

55931 

57117 

58297 

59471 

14 



47490 

48716 

49937 

51151 

52360 

53563 

54760 

55951 

57137 

58317 

59491 

15 

4 

0 

47511 

48737 

49957 

51172 

52380 

53583 

54780 

55971 

57157 

58336 

59510 

16 


15 

47531 

48757 

49977 

51192 

52400 

53603 

54800 

55991 

57176 

58356 

59530 

17 


30 

47552 

48778 

49998 

5I2I2 

52420 

53623 

54820 

56011 

57196 

58375 

59549 

18 


45 

47572 

48798 

50018 

51232 

0 

t 

53643 

54840 

56030 

57216 

58395 

59569 

19 

5 

0 

47593 

48818 

500-58 

51252 

52460 

53663 

54860 

56050 

57235 

58415 

59588 

20' 


15 

47613 

48839 

5^^059 

51272 

52481 

53683 

54879 

56070 

57255 

58434 

59608 

21 


30 

47634 

48859 

50079 

51293 

52501 

53703 

54899 

56090 

57275 

58454 

59627 

22 


45 

47654 

48879 

50099 

5I3I3 

52521 

53723 

54919 

56110 

57294 

58473 

59647 

23 

6 

0 

47675 

48900 

50119 

51333 

52541 

53743 

54939 

^6129 

57314 

58493 

59666 

24 


15 

47695 

48920 

50140 

51353 

52561 

53763 

54959 

56149 

57334 

S* 5 J 3 

59686 

25 


30 

47715 

48941 

50160 

51373 

52581 

537*3 

54979 

56169 

57354 

58532 

59705 

26 


45 

47736 

48961 

50180 

51393 

52601 

53803 

54999 

56189 

57373 

58552 

59725 

27 

7 

0 

47756 

4898 1 

50200 

51414 

52621 

53823 

55019 

56209 

57393 

5 * 57 J 

59744 

28 


15 

47777 

49002 

50221 

51434 

52641 

53843 

55039 

56228 

57413 

58591 

59164 

29 


30 

47797 

j 49022 

50241 

51454 

52661 

53863 

55058 

56248 

57432 

58611 

59783 

30 


45 

47818 

49042 

50261 

51474 

52681 

53*83 

55078 

56268 

57452 

58630 

59803 

31 

8 

0 

47838 

49063 

502S2 

51494 

52701 

53903 

55098 

56288 

57472 

58650 

59822 

32 


15 

47859 

49083 

50302 

51515 

52721 

53923 

55 ”* 

56308 

57491 

58669 

59842 

33 


30 

47879 

49103 

50322 

SI535 

52742 

53943 

55138 

56327 

57511 

58689 

59861 

34 


45 

47900 

49124 

50342 

51555 

52762 

53963 

55158 

56347 

57531 

58709 

59881 

35 

9 

0 

47920 

49144 

50363 

51575 

52782 

53982 

55178 

56367 

57550 

58728 

59900 

36 


15 

47941 

49165 

50383 

51595 

52802 

54002 

55197 

56387 

57570 

58748 

59920 

37 


30 

47961 

49185 

50403 

51615 

52822 

54022 

55217 

56406 

57590 

5X767 

59939 

38 


45 

47981 

49205 

50423 

51635 

52842 

54042 

55237 

56426 

57609 

5 * 7*7 

59959 

39 

10 

0 

48002 

49226 

50444 

51656 

52862 

54062 

55257 

56446 

57629 

58806 

59978 

40 


15 

48022 

49246 

50464 

51676 

52882 

54082 

55277 

56466 

57649 

58826 

59998 

41 

■ 


48043 

49266 

50484 

51696 

52902 

54102 

55297 

56485 

57668 

58846 

60017 

42 

■ 

m 

48063 

49287 

50504 

51716 

52922 

54122 

55317 

56505 

57688 

58865 

60037 

43 

11 

0 

48084 

49307 

50525 

51736 

52942 

54142 

55336 

56525 

57708 

58885 

60056 

44 


15 

48104 

49327 

50545 

51756 

52962 

54162 

55356 

56545 

57727 

58904 

60075 

46 


30 

48125 

49348 

50565 

51777 

52982 

54182 

55376 

56564 

57747 

58924 

60095 

46 


45 

48145 

49368 

50585 

51797 

53002 

1 54202 

55396 

56584 

57767 

58944 

60114 

47 

12 

0 

48166 

49388 

50605 

51817 

13022 

54222 

55416 

56604 

57786 

58963 

60134 

48 


15 

48186 

49409 

50626 

51837 

53042 

54242 

55436 

56624 

57806 

58983 

60153 

49 


30 

48207 

49429 

50646 

51857 

53062 

54262 

55455 

56643 

57826 

59002 

60173 

50 


45 

48227 

49449 

50666 

51877 

53082 

54282 

55475 

56663 

57845 

59022 

60192 

51 

13 

0 

48247 

49470 

50686 

51897 

53102 

54302 

55495 

56683 

57865 

59041 

60212 

52 


15 

48267 

49490 

50707 

51918 

53123 

54322 

55515 

56703 

57885 

f 59061 

60231 

53 


30 

48288 

49510 

50727 

51938 

53143 

54342 

55535 

56722 

57904 

59080 

60251 

54 


45 

48308 

49531 

50747 

51958 

53163 

54362 

55555 

56742 

57924 

59100 

60270 

55 

14 

0 

48329 

49551 

50767 

51978 

53183 

54381 1 

55575 

56762 

57944 

59120 

60290 

56 


15 

48349 

49571 

50788 

51998 

53203 

54401 

55594 

56782 

57963 

59139 

60309 

57 


30 

48370 

49592 

50808 

1 52018 

53223 

i 54421 

556141 

1 56801 

57983 

1 59159 

60328 

58 


45 

48390 

49612 1 50828 

52038 

53243 

1 54441 

55634 

1 56821 

58003 

1 59178 

1 60348 

59 
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TABLF. 63 


liOG. SINK SQUARK 



7h 5(;in j yh 57m I 8. 

70641 71754 0 

70659 71773 I 

70678 71791 2 

70697 71810 3 

70715 71828 4 

70734 71847 6 

70752 71865 0 


70808 


09 70827 
27 70845 
46 70864 
65 70882 
70901 
70920 
70938 
70957 
70975 
70994 



S«*c. r 2 * 3 ^ 4 ^ .r 6' 7' 8' 9' 

D. V,i. l*urts I 34 5689 10 II 


11 ' 12 ' 13 ' 14 ' 
14 15 17 18 
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TABLE 69 


825 


7 “ 5 a"> 69 


yaSba 73964 
72881 73983 
72899 74001 



9*8 9*88 
79394 0463 
7941 I 0481 
79429 0499 
79447 0516 
79465 0534 

79483 055^ 

79501 0570 
79519 0587 
79536 0605 
79554 0623 


79572 0641 
79590 0658 
79608 0676 
79626 0694 
79644 0712 
79661 0729 
79679 0747 

7969.7 0765 

79715 0783 
79733 0800 


7975* 0818 
79768 0836 
79786 0854 
79804 0871 
79822 0889 
79840 0907 
79858 0925 
79875 0942 
79893 0960 
799 ** 0978 


79929 0996 
79947 * 0*3 
79965 1031 
79982 1049 

80000 1067 
80018 1084 
80036 1102 
80054 1120 
80071 1137 
80089 **55 
80107 **73 
80125 **9* 

80143 *2^08 

80160 1226 
80178 1244 
80196 1261 

80214 *^79 
80232 1297 
80249 1315 
80267 *33^ 



3813 

4860 

10 

383* 

4878 

11 

3848 

4895 

12 

3866 

49*3 

13 

3882 

4930 

14 

390* 

4947 

lo 

39*8 

4965 

10 

3936 

4982 

17 

3953 

4999 

1» 

. 397 * 

5«*7 

10 

3988 

5^34 

2ir 

4006 

5052 

21 

4023 

5069 

22 

4041 

5086 

23 

4058 

5104 

24 

4076 

5*21 

26 

4093 

5*38 

20 

4111 

5156 

27 

4128 

5*73 

2« 

4146 

5 * 9 * 

20 

4163 

5208 

30 

4181 

5225 

31 

4198 

5243 

32 

4^*5 

5260 

33 

4^33 

5277 

34 

4250 

5295 

35 

4268 

53*2 

3 « 

4285 

5330 

37 

4303 

5347 

3 « 

4320 

5364 

39 

4338 

5382 

40 

4355 

5399 

41 

4372 

54*6 

42 

4390 

5434 

43 

4407 

545 * 

44 

4425 

5468 

45 

4442 

5486 

46 

4460 > 

5503 

47 

4477 

5520 

46 

4495 

5538 

49 

4512 

5555 

50 

4529 

5572 

51 

4547 

5590 

62 

4564 

5607 

53 


gfl 

4599 

5642 

55 

4617 

5659 

56 

4634 

5677 

57 
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rABLE 69 


LOG. SINE SQUARE 

T2£F I 


30' 

[ 45' 

gh iO"‘ 

«»• IP" 

























TABLE 69 


LOG. SINE SQUARE 



15' 

30' 

45' 

0' 

15' 

fih 21 in 

«•' 22»' 

8“ 2.3'" 

gh 24m 

«h 25"' 



9-8 

98 

9-8 

9 * 

9*9 

0 

0 

96842 

97820 

98794 

899762 

0072 s 


15 

96858 

97836 

98810 

899778 

007.^ 


30 

96874 

97853 

98826 

899794 

00757 


45 

96891 

97869 

9S842 

899810 

00773 

1 

0 

96907 

9788.5 

98858 

899826 

00789 


1.5 

96923 

97902 

98874 

899842 

00805 


30 

96940 

97918 

98X91 

899858 

00821 


45 

96956 

97934 

98907 

899874 

00837 

2 

0 

96972 

97950 

98923 

899890 

00853 


15 

96989 

07967 

98939 

899906 

00869 


30 

97005 

979^3 

98955 

899923 

00885 


45 

97021 

97999 

98971 

899939 

00901 

3 

0 

97038 

9X015 

98988 

899955 

00917 


15 

97054 

98032 

99004 

899971 

00933 


30 

97070 

98048 

99020 

899987 

00949 


4.5 

97087 

98064 

900'?6 

9C0003 

C0965 

4 

0 

97103 

98080 

99052 

90C019 

0098 1 


1.5 

97119 

98097 

99068 

900035 

C0997 


30 

97136 

98113 

99085 

90C051 

01012 


4.5 

97152 

98129 

99101 

900067 

01028 

5 

0 

97168 

98145 

99117 

90C083 

01C44 


1,5 

97185 

98162 

99133 

900099 

01060 


30 

97201 

98178 

99149 

900115 

01076 


45 

97217 

98194 

99165 

9001 3 1 

01092 

6 

0 

97234 

982-10 

99181 

900148 

01108 


15 

97250 

98226 

99198 

900164 

01 124 


.30 

97266 

98243 

99214 

900180 

01 140 


45 

97283 

98259 

99230 

900196 

01156 

7 

0 

97299 

9827s 

99246 

900212 

01172 


15 

97315 

98291 

99262 

900228 

01 188 


30 

97332 

98307 

99278 

900244 

01204 


45 

9734S 

98324 

99294 

900260 

01220 

8 

0 

97364 

98340 

99311 

900276 

01236 


15 

97380 

98356 

99327 

900292 

01252 


30 

97397 

98372 

99343 

900308 

oiz68 


45 

97413 

98389 

99359 

900324 

01284 

9 

0 

97429 

98405 

99375 

900340 

01300 


15 

97446 

98421 

99391 

900356 

'01316 


30 

97462 

98437 

99407 

900372 

01332 


45 

97478 

[98453 

99424 

900388 

01348 


1 ^ 27 ^ _ 

JV _! LV I ~30^T~^ 
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TABLE 69 



: 07474 

08395 

09311 

10222 

07490 

08410 

09326 

10237 

07505 

08426 

09341 

10252 

07520 

08441 

09357 

10267 

07536 

08456 

09372 

10282 

07551 

08472 

09387 

10297 

07567 

08487 

09402 

10312 

07582 

08502 

09417 

10327 

07597 

08518 

09433 

10343 

07613 

08533 

09449 

10358 

07628 

08548 

09463 

10373 

07644 

08563 

09478 

10388 

07659 

08579 

09493 

10403 

07674 

08594 

09509 

10418 

07690 

08609 

09524 

10433 

07705 

08625 

09539 

10448 

07720 

08640 

09554 

10464 

07736 

08655 

09569 

10479 

07751 

08670 

09585 

10494 

07766 

08686 

09600 

10509 

07782 

08701 

09615 

io<;24 

07797 

08716 

09630 

10539 

07813 

08731 

09645 

10554 

07828 

08747 

09661 

10569 

07843 

08762 

09676 

10584 

07859 

08777 

09691 

10599 

07874 

08793 

09706 

10615 

07889 

08808 

09721 

10630 

07906 

08823 

09736 

10645 

07920 

08838 

09752 

10660 

0793s 

08854 

09767 

10675 

07951 

08869 

09782 

10690 

07966 

08884 

09797 

10705 

07981 

08899 

09812 

10720 

07997 

08915 

09828 

10735 

08012 

08930 

09843 

10750 

08027 

08945 

09858 

10765 

08043 

08960 

09873 

10781 

08058 

08976 

09888 

10796 

08073 

08991 

09903 

1081 1 







9 9 I 
16309 1 0 

16323 I 1 
16338 
16352 
16367 
16381 
16396 
1641 1 
16425 
16440 


16454 
16469 11 

16483 12 

1649S 13 

16512 14 

16527 16 

16541 IC 
16556 17 

16570 18 

16585 19 


16600 20 

16614 21 

16629 
16643 23 

16658 24 
16672 25 
16687 
16701 27 

16716 28 

16730 _20_ 
16745 30 
16759 
16774 32 

16788 
16803 
16817 
16832 36 

16846 37 

16861 38 

16875 39 


16890 40 
16904 41 
16919 42 

16933 43 

16948 44 

16962 45 

16977 46 

16991 47 

17006 48 
17020 49 


50 

51 

52 

53 

54 

55 

56 

57 

58 




























TABLE 69 


829 


LOG. SINE SQUARE 






SO' 

45 ' 

0 ' J 5 ' 


8‘' 60 "' 

Hh 5 lm 

ah 52 '" 

8 . 

9*9 

99 

9-9 9*9 


13138 

13969 

24794 25617 

0 

23152 

23983 

2480C) 25631 

1 

23166 

23997 

24823 25644 

2 

23179 

240 1 1 

24837 25658 

a 

23193 

24024 

24850 25672 

4 

23207 

24038 

24864 25685 

s 

23221 

24052 

24878 25699 

a 

23235 

24066 

24892 25713 

7 

23249 

24079 

24905 25726 

a 

23263 

24093 

24919 25740 

;i 

13277 

24107 

24933 25753 

10 

23291 

24121 

24947 j 25767 

1 1 

23304 

24134 

24960 , 2570 1 

12 

2331S 

24148 

24974 25 '' 9 .; 

IS 

23332 

24162 

24988 j 25808 

14 

233^6 

24176 

25001 j 25S22 

16 

23360 

24190 

25015 1 25S35 

16 

23374 

24203 

25029 j 25849 

17 

233 «« 

24217 

25043 j 25863 

IS 

23402 

24231 

25C56 1 25876 

1.9 

23415 

24245 

25070 1 2589c 

20 

23429 

24258 

25084 25903 

21 

23443 

24272 

25097 25917 

22 

234‘;7 

24286 

251 1 1 25931 

2 S 

23471 

24299 

25J25 25944 

24 

23485 

M 3 n 

25138 25958 

25 

23499 

24327 

25152 25972 

2fi 

23512 

24341 

25166 25985 

27 

23526 

24354 

251S0 25999 

2 H 

23540 

24368 

25193 26012 

29 


25221 26040 
25234 ^6053 
25248 26067 
25262 26080 
25275 26094 
25289 26108 
25303 26121 
25316 26135 
25330 26148 
25344 26162 
25357 26176 
25371 26189 
25385 26203 
» 25398 26216 
I 25412 26230 
25426 26244 
25439 26257 
25453 26271 
. 25467 26284 
25480 26298 
25494 26311 
25508 26325 
25521 26339 
25535 26352 
25549 26366 
25562 26379 
25576 26393 
25590 26407 
25603 26420 
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TABLE 69 








28186 

28987 

29783 

30575 

28199 

29000 

29797 

30588 

28213 

29014 

29810 

30601 

28226 

29027 

29823 

30614 

28240 

29040 

29836 

30627 

28253 

29054 

29850 

30641 

28266 

29067 

29863 

30654 

28280 

29080 

29876 

30667 

28293 

29094 

29889 

30680 

28307 

29107 

29902 

30693 

28320 

29120 

29916 

30706 

^8333 

29134 

29929 

30719 

^8347 

29147 

29942 

30733 

28360 

29160 

29955 

30746 

^8374 

29173 

29969 

30759 

28387 

29187 

29982 

30772 

28400 

29200 

29995 

30785 

28414 

29213 

30008 

30798 

28427 

29227 

3C021 

30811 

28440 

29240 

30035 

30825 

28454 

29253 

30048 

30838 

28467 

29266 

30061 

30851 

28480 

29280 

30074 

50864 

28494 

29293 

30087 

30877 

28507 

29306 

30101 

30890 

28520 

29320 

30114 

30903 

2?534 

29333 

30127 

30916 

28547 

29346 

30140 

30929 

28561 

29359 

30153 

30943 ! 

28574 

29373 

30167 

J 09 ^l 

28587 

29386 

30180 

30969 

28601 

29399 

30193 

309 «S 2 

28614 

29413 

30206 

30995 

28627 

29426 

30219 

3 1008 

28641 

29439 

30233 

3 1021 

28654 

29452 

30246 

31034 

28667 

29466 

30259 

31047 

28681 

29479 

30272 

3 1060 

28694 

29492 

30285 

31074 

28707 

29505 

30298 

31087 

28721 

295x9 

30312 

31100 

aS 734 

29532 

30325 

311J3 

28747 

29545 

30338 

31126 

28761 

29558 

30351 

3”39 

28774 

29572 

30364 

31152 

28787 

29585 

30377 

31165 

28801 

29598 

30391 

31178 

28814 

29611 

30404 

31191 

28827 

29625 

30417 

31204 

28841 

29638 

30430 

31218 


9h Qm 

Qh Jm 

911 2»u 

9h 301 

^9 

9*9 

9*9 

99 

31231 

32013 

32791 

33564 

3^44 

32026 

32804 

33576 

31257 

32039 

31817 

33589 

31270 

32052 

31830 

33602 

31283 

32065 

32842 

33615 

31296 

32078 

32855 

33628 

31309 

32091 

32868 

33641 

31322 

32104 

32881 

33653 

31335 

32117 

32894 

33666 

31348 

32130 

32907 

33679 

31361 

32143 

32920 

33692 

31374 

32156 

32933 

33705 

31388 

32169 

32946 

33718 

31401 

32182 

32959 

33730 

31414 

32195 

32972 

33743 

31427 

32208 

32984 

33756 

31440 

32221 

32997 

33769 

31453 

32234 

33010 

33782 

31466 

32247 

33023 

33795 

31479 

32260 

33036 

33807 

31492 

32273 

33049 

33820 

31505 

32286 

33062 

33833 

31518 

32299 

33075 

35846 

31531 

32312 

33088 

33859 

31544 

32325 

33100 

33871 

31557 

32338 

33113 

33884 

31570 

32351 

33126 

33897 

31583 

32364 

33139 

33910 

31596 

32377 

33152 

33923 

31609 

32390 

55165 

35936 

31622 

32403 

33178 

33948 

3 1636 

32416 

33191 

33961 

31649 

52429 

33204 

33974 

31662 

32441 

33216 

33987 

31675 

32454 

33229 

34000 

31688 

32467 

33242 

34012 

31701 

32480 

33255 

34025 

31714 

32493 

33268 

34038 

31727 

32506 

33281 

34051 

31740 

32519 

33294 

34065 


WL 



‘Mil 


m 


m 


iil'i 






















TABLE 69 


831 


LOa. SINE SQUARE 


30 ' 

45 ' 

0' 

16 ' 

30 ' 

45 ' 

9I1 ]o«> 

gh 1 im 

gh jgra 

gh ] 3m 

gh 14111 

gh I5ni 

9*9 

9*9 

9*9 

99 

9*9 

9 * 9 , 

38839 

39574 

40303 

41029 

41749 

42464 

38851 

39586 

40316 

41041 

41761 

42476 

R8864. 

39598 

40328 

41053 

41773 

42488 

38876 

39610 

40340 

41065 

41785 

42500 

38888 

39622 

40352 

41077 

41797 

42512 

38901 

39635 

40364 

41089 

41809 

42524 

38913 

39647 

40376 

41101 

41821 

42536 

389*5 

39659 

40388 

41113 

41833 

42548 

38937 

39671 

40400 

41125 

41844 

42559 

38950 

39683 

40413 

41137 

41856 

42571 

3896z 

39696 

40425 

41149 

41868 

42583 

38974 

39708 

40437 

41161 

41S80 

42595 

38986 

39720 

40449 

41173 

41892 

42607 

38999 

39732 

40461 

41185 

41904 

42619 

3901 1 

39744 

40473 

41197 

41916 

42631 

3 QOZ 3 

39757 

40485 

41209 

41928 

42643 

39035 

39769 

40497 

4122 1 

41940 

42654 

39048 

39781 

40509 

41233 

41952 

42666 

39060 

39793 

40521 

41245 

41964 

42678 

39072 

39805 

40534 

41257 

41976 

42690 

39084 

39817 

40546 

41269 

41988 

42702 

39097 

39830 

40558 

41281 

42000 

42714 

39109 

39842 

40570 

41293 

42012 

42726 

39121 

39854 

40582 

41305 

42024 

42737 

39134 

39866 

40594 

41317 

42036 

42749 

39146 

39878 

40606 

41329 

42048 

42761 

39158 

39890 

40618 

41341 

42059 

42773 

39170 

39903 

40630 

41353 

42071 

42785 

39183 

39915 

40642 

41365 

42083 

42797 

39195 

39927 

40654 

41377 

42095 

42809 

39207 

39939 

40667 

41389 

42107 

42820 

39219 

39951 

40679 

41401 

42 1 19 

42832 

39232 

39963 

40691 

41413 

42131 

42844 

39^44 

39976 

40703 

41425 

42143 

42856 

39^56 

39988 

40715 

41437 

42155 

42868 

39268 

40000 

40727 

41449 

42167 

42880 

39280 

40012 

40739 

41461 

42179 

42891 

39-’93 

40024 

40751 

41475 

42 19 1 

42903 

39305 1 

40036 

40763 

41485 

42203 

42915 

39317 1 

40049 

40775 

41497 

42214 

42927 

393^9 

40061 

40787 

41509 

42226 

42939 

39342 

40073 

40799 

41521 

42238 

42951 

393 54 

40085 

408 1 1 

41533 

42250 

42963 

39366 

40097 

40824 

41545 

42262 

42974 

39378 

40109 

40836 

41557 

42274 

42986 

39390 

40 12 1 

40848 

41569 

42286 

42998 

39403 

40134 

40860 

41581 

42298 

43010 

39415 

40146 

40872 

41593 

42310 

43022 

39427 

40158 

40S84 

41605 

42322 

43033 

39439 

40170 

40896 

41617 

42334 

43045 

39452 

40182 

40908 

41629 

42345 

43057 

39464 

40194 

40920 

41641 

42357 

43069 

39476 

40306 

40932 

41653 1 

42369 

43081 

39488 

40219 

40944 

41665 j 

42381 

43093 

39500 

40231 

40956 

41677 

42393 

43104 

39513 

40243 

40968 

41689 

42405 

43116 

39525 

40255 

40980 

41701 

42417 

43128 

39537 

40267 

40992 

41713 

42429 

43 140 

39549 

40279 

41004 

41725 

42441 

43152 

39561 

4029 1 

41016 1 

41737 

42452 1 431631 


Sec. r 2" 3" r 5" 6" 7” S" 10' 11' 12' 13' 14' 

D. 12. Parts 345 667 8 9 10 11 iz 




SZ2 


TABLE 69 ^ 


LOG. SINE SQUARE 


Qh 1G»» Qh I7'» 9»» 18«» Qh 20 

9*9 9’9 9*9 9 9 

4317s 43881 44583 45280 
43187 43893 44594 45291 
43199 43905 44606 45303 
43211 43917 44618 45314 
43222 43928 44629 45326 
43234 43940 44641 45337 
43246 43952 44-653 45349 

43^58 43963 44664 45361 

43270 43975 44676 45372 
432S1 43987 44688 45384 


43^93143999 44699 45395 
43305144010 44711 45407 
43317 44022 447^3 45418 
43329 44034 44734 45430 
43340 4404s 44746 45441 
43352 44057 44757 45453 
43364 44069 44769 45465 
43376 44081 44781 45476 
43388 44092 44792. 45488 
43399 44104 44804 45499 
43411 44116 44816 45511 
434^3 44127 44827 45522 
43435 44139 44839 45534 
43446 4415* 44850 45545 
43458 4416a 44862 45557 

43470 44174 44874 45569 

43482 44186 44885 45580 
43494 44*98 44897 45592 
43505 44209 44909 45603 

43517 44221 44920 45615 


141° 

45' O' I 16' I 30 





Sec. I" 2" 3^ 4' 6' 6* T 8* 9' 10^ ll'^ 12* 13' 14' 16' 
D. 11. Parts 11234456 7 7 8 9 910 H 
















TABLE 69 


833 


LOG. SINE SQUAKE 


28'" 21j"' JJh 30'" y»‘ 3 PM 9'» 32'" 1 9 ^ 33'" I O^ 34m I yh ygm 1 91, 39,,. 1 91, 37 





30 

51013 

45 

51024 

8 0 

51035 

15 

51046 

30 

51057 

45 

5x068 

9 0 

51079 

15 

51090 

30 

51101 

45 

51111 

10 0 

5112Z 

15 

51133 

30 

51144 

45 

51155 

11 0 

51166 

15 

51177 

30 

51188 

45 

51199 

12 0 

51210 

15 

51220 

30 

51231 

16 

51242 

13 0 

51253 

15 

51264 

30 

51275 

45 

51286 

14 0 

51297 

15 

51308 

30 

51318 

45 

51329 


9-9 9*9 

5517^ 55795 
55182 55805 

55193 55815 

55203 55826 
55214 55836 
55224 55846 
55^35 55857 
55245 55867 

55255 55877 

55266 55888 

55276 55898 

55287 55908 

55297 55919 
55307 55929 

55318 55939 
55328 55950 
55339 55960 
55349 55970 
55359 55981 
55370 55991 


55380 56001 
55390 56011 
55401 56022 
55411 56032 
55422 56042 
55432 56053 
55442 56063 
S 5 IS 3 56073 
55463 I 56084 
55473 56094 


55484 56104 
55494 56114 

55505 56125 
55515 56135 

55525 56145 
55536 56156 
55546 56166 
55556 56176 

55567 561S7 

55577 56197 
55588 56207 
55598 56217 
55608 56228 
55619 56238 
55629 56248 
55639 56258 
55650 56269 
55660 56279 
55670 56289 
55681 I 56300 
55691 56310 
55701 56320 

55712 56330 

55722 56341 
55733 5635* 
55743 56361 
55753 56371 
55764 56382 
55774 56392 
55784 I 56402 


56413 57026 
56423 57056 

56433') 57046 

56443 57057 
56454 57067 
56464 57077 
56474 57087 
56484 57097 
56495 57107 
56505 57118 


56515 57128 
56525 57138 
56536 57148 
56546 57158 
56556 57169 
56566 57179 
56577 57189 
56587 57199 

56597 57209 
56607 57219 


56618 I 57229 
56628 57240 
56638 57250 
56648 57260 
56659 57270 
56669 57280 
56679 57290 
56689 57301 
5^699 57311 
56710157321 


56720 57331 
56730 5734> 
56740 573 5 1 
56751 57362 
56761 57372 
56771 57382 

56781 57392 

56791 57402 
56802 57412 
56812 57422 
56822 57433 
56832 57443 
5684.2 57453 
56853 57463 

56863 ^7473 

56873 57483 
56883 57493 
56894 57503 
56904 57513 
56914 ', 57524 
56924! 57534 
569341 57544 
56945 57554 

56955 57564 

56965 57574 

56975 57584 

56985 57594 
56996 57605 
57006 57615 
57016 57625 


Sfc. V 2 ' y 4 ' 5 " fi' T 10 ' 11 ' 12 ' El' 16 ' 

D. 10 . Harts 112334556 7 7 8 9 9 10 
















834 


TABLE 69 


1 . 0 G. SINE SQUARE 

145° f 


30 ' 

46 ' 

gii 42m 

Qh 43m 

9*9 

99 

60025 

60611 

60035 

60621 

60C44 

6 #I» 3 o 

60054 

60640 

60064 

60650 

60074 

60660 

60084 

60669 

60093 

60679 

60103 

60689 

60113 

60699 

60123 

60708 

60133 

60718 

60142 

i 60728 

60152 

60737 

60162 

60747 

60172 

60757 

60182 

60767 

60191 

60776 

60201 

60786 

60211 

1 60796 

60221 

60805 

60230 

60815 


60240 60825 
60250 60834 
60260 60844 
60270 60854 
60279 60864 
60289 60873 
60299 60883 
60309 60893 
60318 60902 
60328 60912 
60338 60922 
60348 60931 
60357 60941 
60367 60951 
60377 60960 
60387 60970 
60396 60980 
60406 60990 
60416 60999 
60426 61009 
60436 61019 
60445 61028 
60455 61038 
60465 61048 
60475 61057 
60484 61067 
60494 61077 
60504 61086 





TABLE 69 


835 


LOG. SINE SQUARE 


15' 30' 45' O' 15' 30' 45' O' | 16' 30' 46' 

9** 49n» 9** 50"* 9** 51 "» 9*» 52»» 53” 9'* 54«* 9'* 56»' O** AO"' 1 9h 67'« 58™ 9*‘ 59™ 

























83G 


TABLE 69 


LOG. SINE SQUARE 


150° 

151° 




0' 15' 30' 1 45' 

0' 15' 30' 45' 

0' j 15' 1 30 



10‘'0'« 10’’ 1"’ 10‘‘2'“ 10’‘3"’ 

10’’ 4'" 10’’ 5”’ 10’’ 6™ 10’’ 7™ 

10’’ S’" 10’’ 9"'il0’’10"' 

8. 



70 14 1 
70149 
70158 
15 70166 
30 70^75 
45 70183 
9 0 70191 

] 5 70200 
30 70208 
45 70217 

10 0 

15 705^33 
30 70242 
45 70250 

u 0 703^59 

15 70267 
30 70276 
45 70284 

12 0 70292 
15 70301 


99 99 

73808 74279 
73816 74286 
73824 74294 
7383a 7430a 
73840 74310 
73848 74318 
738';5 743^5 
73863 74333 
73871 74341 
73879 74349 


73887 74356 

73895 74364 
73903 7437a 

73910 74380 
739*8 74388 
739a6 74395 
73934 74403 
73942 74411 
73950 744*9 
73958 744a6 


73965 74434 
73973 7444a 
73981 74450 
73989 74458 
73997 74465 
74005 74473 
74013 74481 
74020 74489 
74028 74496 
74036 74504 
74044 74512 
74052 74520 
74060 74528 
74067 74535 
7407s 74543 
74083 7455* 
74091 74559 
74099 74566 
74107 74574 
74114 74582 


74122 74590 

74*30 74597 
74138 74605 
74146 74613 
74154 74621 
74161 7462S 
74169 74636 
74177 74644 
74185 74652 
74193 74658 


74200 74667 
742^8 74675 
74216 74683 
74224 74690 
74232 74698 
74239 74706 
74247 747*3 
74255 747a* 

74263 74729 
74271 74 737 


Sec. r 2' 3’ 4" 6' T 8" 9' 10" 11" 12" 13" 14" 15" 

D 8. ParU 1122334455 6 6 7 7 8 























TABLE 69 


837 


LOG. SINK SQUARK 

153 ^ 15 4 ^ I 155 ° 

4 .y (/ 15 ^ I :w 4 ,v y ir/ 30^ 4 y 0' ly 

I o'* 1 1 "' 1 ^''*“^ I 0 ''i:i»'il 0 '» 14 "i l(m 7 >»' lOhlH"* lOhi;*" lOhl»"> 10 »‘ 20 «>’ i 0 h 21 "» 3. 

/ ,, 9*9 ^ 9*9 9‘9 9^9 9^9 ^ 9’9 9*9 9 9 V 9 9*9 9*9 

0 0 75206 75663 76116 76564 77008. 77448 77883 78314 7874* 79163 79581 0 

15 75214 75671 76123 76572 77 oi 6 ’^ 74 S 5 77890 783^* 78748 79^70 79588 1 

30 75221 75678 76131 76579 77023 7746^6 77898 78328 78755 79177 79595 2 

45 75229 75686 76138 76586 77030 77470 77905 78336 78762 79184 79602 3 

' 0 75237 75693 76146 76594 77038 77477 779 '^ 78343 78769 79191 79609 4 

15 75^44 75701 76153 76601 77045 77484 779*9 78350 78776 79*98 79616 5 

30 75252 75708 76161 76609 77052 77492 77926 78357 78783 79205 79622 6 

45 75259 75716 76168 76616 77060 77499 77934 78364 78790 79212 79629 7 

2 0 75267 75724 76176 76624 77067 77506 77941 7837* 78797 79219 79636 8 

L 2 - 75*75 7573 * 76183 76631 77074 77513 77948 78378 78804 79**6 79643 9 

3 (» 752X2 75739 76191 76638 770X2 77521 77955 78386 78811 79233 79650 10 

45 75290 75746 76198 76646 77089 775*8 77963 78393 78819 79*40 79657 n 

3 0 75298 75754 76206 76653 77096 77535 77970 78400 78826 79247 79664 12 

1 '* 75305 75761 76213 76661 77104 77543 77977 78407 78833 79254 79671 13 

30 75313 75769 76221 76668 771H 77550 77984 78414 78840 79261I 79678 14 

45 75321 75777 76228 76676 77118 77557 77991 78421 78847 79268 79685 15 

4 0 75328 75784 76236 76683 77126 77564 77999 78428 7S854 79275 79692 l« 

75336 75792 76243 76690 77133 77572 78006 78436 78861 79282 79699 17 

30 75343 75799 76251 76698 77141 77579 78013 78443 78868 79289 79705 18 

45 73351 75807 76258 76705 77148 77586 78020 78450 7 8875 79296 79712 19 

5 0 75359 75814 76266 76713 77155 77593 78027 78457 788X2 79303 79719 20 

15 75366 75X22 76273 76720 77163 77601 78034 7X464 78889 79310 79726 21 

75374- 75830 76281 76727 77*70 77608 78042 78471 78896 79317 79733 22 

45 75382 75837 76288 76735 77177 77615 78049 78478 78903 79324 79740 23 

6 0 75389 75845 76296 76742 77185 77622 78056 78485 78910 7933 * 79747 24 

L") 75397 7585* 76303 76750 77 * 9 * 77630 78063 7849* 789*7 79338 79754 26 

30 75405 75S60 76311 76757 77199 77637 78070 78500 789*4 79345 79761 20 

45 75412 75867 76318 76765 77207 77644 78078 78507 78931 79352 79768 27 

7 0 75420 75875 76326 76772 77214 7765* 78085 78514 78938 79359 79775 28 

754*7 7588^ 7 6333 76779 77*** 77659 7809* 7 85** 78945 79366 79781 21) 

'^0 75435 75890 7634* 76787 77229 77666 7X099 78528 78952 79373 79788 30 

45 75443 75897 76348 76794 77*36 77673 78106 78535 78959 79379 79795 31 

8 0 75450 75905 76355 76802 77243 77681 78114 78542 78967 79386 79802 32 

16 75458 75912 76363 76809 77251 77688 78121 78549 78974 79393 79809 33 

30 75465 75920 76370 76816 77258 77695 78128 78556 78981 79400 79816 34 

45 75473 759*8 76378 76824 77265 77702 78135 78563 78988 79407 798*3 35 

0 0 75481 75935 76385 76S31 77272 77710 78142 78571 78995 794*4 79830 36 

15 75488 75943 76393 76839 77280 77717 78149 78578 79002 794 ** 79836 3 ? 

30 75496 75950 76400 76846 77287 77724 78157 78585 79009 79428 79843 38 

4 £ 7 5504 7 5958 76408 76853 7 7*94 7773 * 78164 7859* 79 Q*^ 79435 79850 30 

10 0 75511 75965 76415 76861 77302 77739 78171 78599 79023 79442 79857 40 

16 755*9 75973 764*3 76868 77309 77746 78178 78606 79030 79449 79864 41 

30 75526 759S0 76430 76875 773*6 77753 78185 78613 79037 79456 7987* 42 

46 75534 75988 76438 76883 773*4 7776o 78192 7X620 79044 79463 79X78 43 

11 0 75542 75995 76445 76X90 77331 77768 78200 78627 79051 79470 79885 44 

16 75549 76003 76452 76898 77338 77775 7X207 78634 79058 79477 79892 

30 75557 76011 76460 76905 77346 77782 78214 78643 79065 79484 79898 

45 75564 76018 76467 76912 77353 77789 78221 7X649 79072 79491 79905 

12 0 75572 76026 76475 76920 77360 77796 78228 78656 79079 79498 79912 

15 75580 76033 76482 76927 77367 77804 78235 78663 79086 79505 799*9 

75587 76041 I 76490 76934 77375 77811 78243 7S670 79093 79512 79926 

75595 76048 76497 76942 77382 77818 78250 78677 79100 79519 79933 

75602 7^056 76505 76949 77389 77825 78257 7X684 79107 79525 79940 

75610 76063 76512 76957 77397 77833 78264 78691 79114 7953* 79946 

75618 76071 76520 76964 77404 77840 78^7* 78698 79121 79539 79953 

75625 76078 76527 76971 7741 1 77847 78278 78705 79128 79546 79960 

75633 76086 76534 76979 77419 77854 78286 78712 79135 79553 79967 

75640 76093 76542 76986 77426 77X61 78293 78719 79 * 4 * 79560 79974 

75648 76101 76549 76993 77433 77869 7X300 7X727 79149 79567 79981 

75^5 76557 7700* 77 440 778-6 ' 7X307 1 78734 79*56 79 5 74 79988 

Sor. r r 3 " 4 " 5 " 7 ' « H*" H" 12 ' 13 " 14 " 15 " 

I) 7 - l^nts 0112233445 5 6 6 7 7 









TABLK 6*9 


LOG. SINE SQUARE 


-1 O' I 15 ^ I 30 ^ 4 .V 0 ^ 

'| 10 ‘’ 23 '» 10 '‘ 24 '«ll 0 '‘ 25 "‘il 0 ‘‘ 20 "' 10 '‘ 27 *'‘ l(>'' 2 «"i I 0 ’‘ 29 f 


9*9 9*9 9*9 9*9 9*9 9*9 

80809 81209 81606 81998 82385 82769 

80816 81216 81612 820^ 82392 82775 

80822 81223 81619 82011 82398 82782 

80829 81229 81625 82017 82405 82788 

80836 81236 81632 82024 82411 82794 

80842 81243 81639 82030 82417 82801 

80849 81249 81645 82037 82424 82807 

80856 81256 81652 82043 82430 82813 

80862 81262 81658 82050 82437 8282c 

80869 81269 81665 82056 82443 82826 

80876 81276 81671 82063 82450 82832 

80883 81282 81678 82069 82456 82835 

80S89 81289 81684 82076 82462 82845 

80896 81296 81691 82082 82469 82851 

80903 81302 81698 82089 82475 82857 

80909 81309 81704 82095 82482 82864 

80916 81315 81711 82102 8248S 8287c 

80923 81322 81717 82108 82494 82877 

80929 81329 81724 82114 82501 82881 

80936 81335 ^*73® 82121 82507 8288c 

80943 81342 81737 82127 82514 8289^ 

80949 81348 81743 82134 82520 82903 

80956 81355 ^^75° 82140 82526 82c;o{ 

80963 81362 81756 82147 82533 8291' 

80970 81368 81763 82153 82539 8292; 

80976 81375 81770 82160 82546 8292; 

80983 81382 81776 82166 82552 8293^ 

80990 81388 81783 82173 82558 8294( 

80996 81395 81789 82179 82565 8294( 

81003 81401 81796 82186 82571 8295' 

81010 81408 81802 82192 82578 82951 

81016 81415 81809 82199 82584 8296; 

81023 81421 81815 82205 82590 82971 

81030 81428 81822 82211 82597 8297! 

81036 81435 81828 82218 82603 8298^ 

81043 81441 81835 S2224 82610 8299( 

81050 81448 81841 82231 82616 8299* 

81056 81454 81848 82237 82622 8300; 

81063 81461 S1854 82244 82620 83001 

81070 81468 81861 82250 82635 8301* 


! 80674 81076 81474 81867 82257 02641 ^'302; 

; 80681 81083 81481 81874 82263 82648 8302: 

’ 80688 81090 81487 81881 82270 82654 8303 

I 80694 81096 81494 81887 82276 82661 8304 

; 80701 81103 81501 81894 82282 82667 8304 

t 80708 81110 81507 81900 82289 82673 8305. 

> 80715 81116 81514 81907 82295 82680 83o6( 

i 80721 81123 81520 81913 82302 82686 83061 

1 80728 81130 81527 81920 82308 82692 8307 

) 80735 81136 81533 81926 82315 82699 8307 

) 80742 81143 81540 81933 82321 82705 8308 

j 80748 81150 81547 81939 82328 82712 8309 

) 80755 81156 81553 81946 82334 82718 8309 

) 80762 81163 81560 81952 82340 82724 8310 

j 80768 81169 81566 81959 82347 82731 8311 

3 80775 81176 81573 81965 82353 82737 8311 

7 80782 81183 81580 81972 82360 82743 8312 

3 80789 81189 81586 81978 82366 82750 8312 

D 80795 81196 81593 81985 82373 82756 8313 

7 80802 81203 81599 81991 182379 82762 8314 



30 ^ 45 ^ 

10 ‘* 30 "‘ 10 *' 31 "" I 0 '' 32 "' 


9*9 9*9 

83148 83523 
83154 83529 
83160 83535 
83167 83541 
83173 83547 
83179 83554 
83186 83560 
83192 83566 
83198 83572 
83204 83579 


83211 83585 
83217 83591 
83223 83597 
83229 83603 83973 
83236 83610 83979 
83242 83616 83985 
83248 83622 83991 
83254 83628 83997 
83261 83634 84003 
83267 83640 84010 
83273 83647 84016 
83280 83653 84022 
83286 S3659 84028 
83292 83665 84034 
83298 83671 84040 
83305 83678 84046 
83311 83684 84052 
83317 83690 84.o(;8 
83323 83696 
83330 83702 
83336 83708 
83342 83715 
83348 83721 
83355 83727 
83361 83733 
• 83367 83739 
83373 83745 
83379 83752 
, 83386 83758 
' 83392 83764 


83398 83770 
’ 83404 83776 
; 83411 83782 
83417 83789 
' 83423 83795 
. 834-29 83801 
> 83436 S3807 
» 83442 83813 
1 83448 83819 
I ^3454 83826 
; 83460 83832 
[ 83467 83838 
^ 83473 83844 
I- 83479 83850 
D 83485 83856 
3 83492 83862 
3 83498 83869 
? 83504 83875 
5 83510 83881 
z 83516 83887 
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LOG. SINE SQUARE 

158 ^ 159 °” 160 ° 

'Is; ^ 0 ^ I J 5 ' 0^ 15 ^ I 30 ^ 45 ^ 0^ 15 ^ 3 (i;_ 45 ' 

U )»>33 " I 0 '':u»' | l 0 '' 3 r)'» I 0 '' 3 G»' l()'‘ 37 '« 10 '> 38 « » I 0 '' 3 i)»‘ 10 M 1 '» 1 0 »» 42 »‘ 10 '’ 43 " ‘ s. 

, /, 9*9 9‘9 9*9 9*9 9*9 9*9 9*9 9*9 9*9 9*9 

> 0 84259 84621 84979 85332 85681 1^6026 86367 86703 87035 87363 87686 0 

15 84265 84627 84985 85338 85687^6032 86372 86709 87040 87368 87692 I 

30 84271 84633 84991 85344 85693 86038 S6378 86714 87046 87373 87697 2 

46 84278 84639 84997 85350 85699 86043 86384 86720 87051 87379 87702 3 

1 0 84284 84645 85003 85356 85704 86049 86389 86725 87057 87384 87708 4 

15 84290 84651 85008 85361 85710 86055 86395 86731 87062 87390 87713 5 


30 84296 84657 85014 85367 85716 86060 86400 86736 87068 87395 ^ 77 ^^ ® 

45 84302 84663 85020 85373 85722 86066 86406 S6742 87073 87401 87724 7 

2 0 84308 84669 85026 85379 ^55728 86072 86412 86747 87079 87406 87729 8 

15 84314 84675 85032 85385 85733 86077 86417 86753 87084 87411 87734 9 

30 84320 84681 85038 85391 85739 86083 86423 86758 87090 87417 87740 !(► 

45 84326 84687 85044 85397 85745 86089 86429 86764 87095 87422 87745 11 

3 0 84332 84693 85050 85402 85751 86095 86434 86770 87101 87428 87750 12 

15 84338 84699 85056 85408 85756 86100 86440 86775 87106 87433 ^7756 1'^ 

30 84344 84705 85062 85414 85762 86106 86445 86781 87112 87439 87761 14 

45 84350 84711 85068 85420 85768 86112 86451 86786 87117 87444 87766 15 

1 0 84356 84717 85074 85426 85774 86117 86457 86792 87123 87449 *777^ 

15 84362 84723 85080 85432 85779 86123 86462 86797 87128 87455 87777 17 

30 84368 84729 85085 85437 85785 86129 86468 86803 87134 87460 87782 18 

45 84374 84735 85091 85443 85791 86134 86474 86808 87139 87466 I 87788 19 

5 (7 84380 84741 85097 85449 85797 86140 86479 86814 87145187471 87793 20 

15 84387 84747 85103 85455 85802 86146 86485 86820 87150 87476 87798 21 I 

30 84393 84753 85109 85461 85808 86151 86490 86825 87156 1 87482 87804 22 

45 84399 ^4759 ^ 5**5 ^ 54^7 ^ 5^*4 *^6157 86496 86831 87161 I87487 87809 23 I 

6 0 84405 84765 85121 85472 85820 86163 86502 86836 87167 87493 ■ 87814 24 

15 84411 84771 85127 85478 85826 86168 86507 86842 87172187498187820 25 

30 84417 84777 85133 85484 85831 86174 86513 86847 87177 87503 I 87825 20 

45 84423 84783 85138 85490 85837 861X0 86519 86853 87183 87509 i 87830 27 

7 0 84429 84789 85144 85496 85843 86186 86524 86858 87188187514187836 20 

15 84435 84795 85150 85502 85848 86191 86530 86S64 87194 ' 87520 i 878 41 29 

3 ¥ 84.^41 85156 85507 85854 1 86197 86535 86869 87199 87525,87846 3 ( 

45 84447 84807 85162 85513 85860186203 86541 86875 87205 87530187852 31 

8 0 84453 84813 85168 85519 S5866 86208 86546 86881 87210 87536187857 32 

15 84459 84818 85174 85525 85872 86214 80552 86886 87216 87541187862 33 

30 84465 84824 85180 85531 85877 86220 86558 86892 87221 87547 8786; 34 

45 84471 84830 85186 85536 85883 86225 86563 86897 87227 87552 1 87873 3 J 

9 0 84477 84836 85191 85542 85889 86231 86569 86903 87232 87557 I 87878 31 

15 84483 84842 85197 85548 85894 86237 86574 86908 87237 875631,87883 3 ' 

30 84489 84848 85203 85554 85900 86242 86580 86914 87243 8756818-7689 3 

45 84495 84854 85200 8556c 85906 8624 8 86586 86919 87248 87573 87894 _3 


87600 87921 44 

87606 87926 4 

87611 1 87931 4 

87616 87937 4 


iF 

0 

84501 i ; 


15 

84507 : 


30 

845*3 


45 

84519 

11 

0 

84525 


15 

84531 


30 

84537 


45 

84543 

12 

0 

84549 


15 

84555 ' 


30 

84561 


45 

84567 

13 

0 

84573 


16 1 

84579 


30 

84585 


45 

84591 

14 

0 

84597 


15 

84603 


30 

84609 


45 

84615 



I 


''i 

55186692 87024 87352 87675187995 51 

61 1 86697 87029 87357 87681I88C00 51 


45 I 84615 I 84973 I 85326 I 85676 I 36020 I 8636 1 1 86697 I 8 702 9 I 87357 I 8768] 
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161 ° 



162 ° 



163 ° 





o'_ 

15 ' 

30 ' 

45 ' 

Ion 

16 ^ 

30 ' 

45 ' 


16 ' 

30 




I 0 h 44 m 

10 ‘‘ 45 "> 

lo'Me™ 

10 ‘‘ 47 "' 

1 ()‘' 48 '« 

10 M 9 "' 

10 ‘' 50 "' 

10 >> 61 "' 

\ 0 ^ 52 >» 

1 ()'' 63 ''' 

10 i' 54 '" 

8. 

/ 


9*9 

9.9 

9*9 

9*9 

99 

9 9 

9 9 

9*9 

9*9 

9*9 

9*9 


0 

0 

88005 

88320 

88631 

88938 

89240 

895^ 

89832 

90121 

90407 

90688 

90964 

0 


1*5 

88011 

88326 

88636 

88943 

89245 

895 fi 

89836 

90126 

9041 1 

90692 

90969 

1 


30 

88016 

8S331 

88641 

88948 

89250 

89548 

89841 

9013 I 

90416 

90697 

90974 

mi 


45 

88021 

88336 

88647 

88953 

89255 

89553 

89846 

90136 

90421 

90702 

90978 

Bl 

1 

0 

88026 

88341 

88652 

88958 

89260 

89558 

89S51 

00140 

90425 

90706 

90983 

4 


16 

88032 

88346 

88657 

88963 

89265 

89562 

89856 

90145 

90430 

90711 

90987 

6 


30 

88037 

88352 

88662 

88968 

89270 

89567 

89861 

90150 

90435 

90715 

90992 

6 


45 

88042 

88357 

88667 

88973 

89275 

89572 

89866 

90155 

90439 

90720 

90996 

7 

2 

0 

88048 

88362 

88672 

88978 

89280 

89577 

89870 

90159 

90444 

90725 

9 100 1 

« 


15 

88053 

88367 

88677 

88983 

89285 

89582 

89875 

90164 

90449 

90729 

91006 

9 


R?fl 

88058 

88372 

88682 

88988 

89290 

89587 

89880 

90169 

90454 

90734 

91010 

10 



88063 

88378 

88688 

88993 

89295 

89592 

89885 

90174 

90458 

90739 

91015 

n 



88069 

88383 

88693 

88998 

89300 

89597 

89890 

90179 

90463 

9°743 

91019 

12 



88074 

88388 

88698 

89003 

89305 

89602 

89895 

90183 

90468 

90748 

91024 

13 



88079 

88393 

88703 

89008 

89310 

89607 

89899 

90188 

90472 

90753 

91028 

14 


4 .^ 

88085 

88398 

88708 

89014 

89315 

89612 

89904 

90193 

90477 

90757 

91033 

lo 

4 

0 

88090 

884^34 

88713 

89019 

89320 

89617 

89909 

90198 

90482 

90762 

91038 

10 


15 

8S095 

88409 

88718 

89024 

89325 

89621 

89914 

90202 

90487 

90766 

91042 

17 


30 

88100 

88414 

X8723 

89029 

89330 

89626 

89919 

90207 

90491 

90771 

91047 

1 » 


45 

88106 

88419 

88729 

89034 

89335 

89631 

89924 

90212 

90496 

90776 

91051 

19 

~T 

(f 

88111 

88424 

88734 

89039 

89340 

89636 

89929 

90217 

9050 1 

90780 

91056 

20 


15 

88116 

88430 

88739 

8 9044 

89345 

89641 

89933 

90221 

90505 

90785 

91060 

21 


.30 

88121 

88435 

88744 

89049 

89350 

89646 

89938 

90226 

90510 

90790 

91065 

22 


45 

88127 

88440 

88749 

89054 

89355 

89651 

89943 

90231 

90515 

90794 

91069 

23 

6 

0 

88132 

88445 

88754 

89059 

89360 

89656 

89948 

90236 

90519 

90799 

91074 

24 


15 

88137 

88450 

88759 

89064 

89365 

89661 

89953 

90241 

90524 

90803 

91079 

25 


30 

88142 

88456 

88764 

89069 

89370 

89666 

89958 

90245 

90529 

90808 

91083 

20 


45 

88 148 

88461 

88769 

89074 

89375 

89671 

89962 

90250 

90533 

90813 

91088 

27 

7 

0 

88153 

88466 

88775 

89079 

89379 

89675 

89967 

90255 

90538 

90817 

91092 

20 


15 

88158 

88471 

88780 

89084 

89384 

89680 

89972 

90260 

90543 

90822 

_ 9 iW 

29 


30 

88163 

88476 

88785 

89089 

89389 

89685 

89977 

90264 

90548 

90827 

91 101 

30 


45 

88169 

88481 

88790 

89094 

89394 

89690 

89982 

90269 

90552 

90831 

91106 

31 

8 

0 

88174 

88487 

88795 

89099 

89399 

89695 

89987 

90274 

90557 

90836 

91 1 10 

32 


15 

88179 

88492 

88800 

89104 

89404 

897CO 

89991 

90279 

90562 

90840 

91115 

33 


30 

8S184 

88497 

88805 

89109 

89409 

89705 

89996 

90283 

90566 

90845 

91119 

34 


45 

88190 

88502 

88810 

89114 

89414 

89710 

90001 

90288 

90571 

90S50 

91 124 

35 

9 

0 

88195 

88507 

88815 

89119 

89419 

89715 

90006 

90293 

90576 

90854 

91129 

30 


15 

88200 

88513 

88821 

89124 

89424 

89719 

900 1 1 

90298 

90580 

90859 

91133 

37 


30 

88205 

88518 

88826 

89129 

89429 

89724 

90015 

90302 

90585 

90863 

91138 

38 


45 

88211 

88523 

88831 

89134 

89434 

89729 

90020 

90307 

90590 

90868 

91142 ' 

39 

nr 

o' 

82)2i6 

88528 

8S836 

89140 

89439 

89734 

90025 

90312 

90594 

90873 

”9*147 

40 


13 

88221 

88533 

88841 

89145 

89444 

89739 

90030 

90317 

90599 

90877 

91151 

41 


30 

88226 

88538 

88846 

89150 

89449 

89744 

90035 

90321 

90604 

90882 

91156 

42 


45 

88232 

88544 

88851 

89155 

89454 

89749 

9C040 

90326 

90608 

90886 

91160 

43 

11 

0 

88237 

88549 

88856 

89160 

89459 

89754 

90044 

90331 

90613 

90891 

91165 

44 


15 

88242 

88554 

88861 

89165 

89464 

89759 

90049 

90336 

90618 

90896 

91169 

45 


30 

88247 

88559 

88866 

89170 

89469 

89763 

90054 

90340 

90622 

90900 

91174 

40 


45 

88252 

88564 

88871 

89175 

89474 

89768 

90059 

90345 

90627 

90905 

91178 

47 

12 

0 

8825S 

88569 

88877 

8918c 

89479 

89773 

90064 

90350 

90632 

90909 

91183 

40 


15 

88263 

88575 

88882 

89185 

89484 

89778 

90068 

90354 

90636 

90914 

91187 

49 


30 

88268 

88580 

88887 

89190 

‘89^' 

89783 

90073 

90359 

90641 

90919 

91192 

50 


45 

88273 

88585 

88892 

89195 

89493 

89788 

90078 

90364 

90646 

90923 

91196 

51 

13 

0 

88279 

88590 

88897 

80200 

89498 

89793 

90083 

90369 

90650 

90928 

91201 

52 


15 

88284 

88595 

88902 

89205 

89503 

89798 

90088 

90373 

9065s 

90932 

91205 

63 


30 

88289 

88600 

88907 

892 IC 

89508 

89802 

90092 

90378 

90660 

90937 

91210 

54 


45 

88294, 

88605 

88912 

89215 

895*3 

89807 

90097 

90383 

90664 

90942 

91214 

55 

14 

0 

88300 

88611 

88917 

89220 

89518 

89812 

90102 

90388 

90669 

90946 

91219 

50 


15 

88305 

88616 

88922 

89225 

89523 

89817 

90107 

90392 

90674 

90951 

91224 

67 


30 

88310 

88621 

88927 

89230 

89528 

89822 

901* 12 

90397 

90678 

90955 

91228 

58 


45 


8S626 

..??133 

^9235. 

.? 9533 _ 

89827 

1 90116 

1 90402 

90683 

90960 

91233 

59 
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1 LOO. SINK SQUARE | 


16 : 3 ^ 

45' 

164° 


163° 


166° 1 

8. 

O' 

10»>57"’ 

:30' j 

45' 

0' 

15' 

30' 

45' 

0' 

15 ' 

10>'55'" 

10‘'50"‘ 

10'’.5«»' 


1 P* O'" 

llh 1... 

1 1‘‘ 2«' 

nil 3'» 

nil 4"‘ 

11 !• 5"' 


9*9 

9*9 

9*9 i 9*9 

9*9 

9*9 

9*9 

9*9 

9*9 

9*9 

9*9 


() 0 

91237 

91506 

9 i 7 '’o 

92030 

92286 

92537 

92785 

93028 

93267 

93501 

93732 

0 

1.") 

91242 

915*0 

91,74! 92034 

9225^1 

9254* 

92789 

93032 

93271 

93505 

93736 

1 

30 

91246 

9*514 

9*779 

02038 

92294 

92545 

92793 

93036 

93274 

93509 

93740 

2 

45 

91251 

9 * 5*9 

91783 

92043 

92298 

92550 

92797 

93040 

93278 

935*3 

93743 

3 

1 0 

91255 

91523 

9*787 

92047 

02302 

92554 

92801 

93044 

93282 

935*7 

93747 

4 

15 

91260 

9 I 52,8 

91792 

92051 

92307 

92558 

92805 

93048 

93286 

93521 

9375 * 

5 

30 

91264 

9 * 53 ^ 

9*796 

92056 

92311 

02^62 

92809 

93052 

93290 

93525 

93755 

6 

45 

91269 

9*537 

9 X 800 

92060 

9 ^ 3*5 

02<;66 

92813 

93056 

93294 

93528 

93759 

7 

2 0 

91273 

91541 

91805 

92064 

92319 

92570 

92817 

93060 

93298 

93532 

93762 

» 

15 

91278 

9*545 

9 1 809 

92068 

92324 

92575 

92821 

93064 

93302 

93536 

93766 

9 

30 

91282 

91550 

9*813 

92073 

92328 

92579 

92825 

93068 

93306 

93540 

93770 

10 

45 

91287 

9*554 

91818 

92077 

92332 

92583 

92829 

93072 

93310 

93544 

93774 

1 1 

3 0 

91291 

9*559 

91822 1 92081 

9^336 

92587 

92833 

93076 

933*4 

93548 

93778 

12 

15 

91296 

9*563 

91827 

92086 

92340 

92591 

92837 

93080 

933*8 

93552 , 93781 

13 

30 

91300 

91568 

9183* 

Q20q0 

9^345 

92595 

92842 

93084 

93322 

93556 

93785 

14 

45 

91305 

91572 

9*835 

92094 

92349 

92599 

92846 

93088 

93326 

93559 

93789 

16 

4 0 

91309 

91576 

91840 

q20q8 

9^353 

92604 

92850 

93092 

93330 

93563 

93793 

10 

15 

913 H 

9158* 

9*844 

02103 

9^357 

92608 

92854 

93096 

93334 

93567 

93797 

17 

30 

91318 

91585 

qi 848 

02107 

92361 

92612 

92858 

93 100 

93338 

9357 * 

93800 

18 

45 

91323 

91590 

9*853 

92111 

92366 

92616 

92862 

93*04 

9334 * 

93575 

93804 
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96697 96860 
96699 96S63 
96702 96S66 
96705 96868 
96708 96871 
96711 96874 
96713 96876 
96716 96879 
96719 96882 
96722 96884 
96724 96887 
96727 96890 
96730 96892 
96733 96895 
96735 96898 
96738 96900 
96741 96903 
96743 96906 
96746 96908 
96749 96911 
96752 96914 
96754 96916 
96757 96919 
96760 96922 
96763 96924 
96765 96927 
96768 96930 
96771 96932 
96774 96935 
96776 96938 
96779 96940 
96782 96943 
96784 96946 
96787 96948 
96790 969^51 
96792 96954 
96795 96956 
96798 96959 
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96814 96975 
96817 96978 
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96822 96983 
96S25 96985 
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96836 96996 
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97468 97611 
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97537 97678 
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97547 97687 
97549 97690 
97552 97692 
97554 97694 

97556 97697 
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97561 97701 
97563 97703 
97566 97706 
97568 97708 
97570 977^0 
97573 I 97713 
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9^9 ^9 9’9 ^9 

97882 98013 98138 98260 
97884 98014 98140 98262 
97886 98016 98142 98264 
97888 98018 98144 98266 
97890 98020 98 146 98268 
97893 98023 98149 98270 
97^95 9^03^5 9^151 98272 
97897 98027 98153 98274 
97899 98029 98155 98276 
97901 98031 98157 98278 


97904 98033 98159 98280 
97906 98036 98161 982S2 
97908 98038 98163 98284 
97910 98040 98165 98286 
979:2 98042 98167 98288 
97915 98044 98169 98290 
97917 98046 98171 98292 
97919 98048 98173 98294 
97921 98050 98175 98296 
97923 98052 98177 98298 
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97928 98057 98181 98302 
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LOGARITHMS 

FOR COMPUTING THE REDUCTION TO THE MERIDIAN, AT SEA. 

Par t I. Latitude and Declination of the same name. 

Declixation. 


1-356 1-276 



1-359 1-279 1*212 
1-358 1-278 

^ 1*357 


1-354 i-a74 

1-352 
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0*067 

0-071 1 0*076 
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0*085 

0-090 

0-045 

0*049 

0-053 1 0-058 

0*062 

o*o66 

0*071 

0*027 

0*031 

0-035 0*039 

0-043 

0*047 

0*052 
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848' 


LOGARITHMS 

FOR COMPUTING THE REDUCTION TO THE MERIDIAN, AT SEA. 

Part I. Latitude and Declination of the same name. 






Declination 




* 



Lat. 













r.at. 














12° 

13° 

14° 

16° 

16° 

17" 

18° 

18° 

20° 

21° 

22° 

23° 


0® 

0*974 

0*938 

0*904 

0*873 

0*844 

o*8i6 

0*789 

0*764 

0*740 

0*717 

0*695 

0-673 

0° 

1 

1*011 

0*972 

0*936 

0*902 

0*871 

0*841 

0*813 

0*787 

0*761 

0*737 

0*714 

0*691 

1 

2 

1*051 

1*009 

0*970 

0*934 

0*000 

0*868 

o *»39 

o*8ii 

0*784 

0*758 

0*734 

0*710 

2 

3 

1*097 

1*049 

1*007 

0*967 

0*931 

0*897 

0*866 

0*836 

0*807 

0*781 

0*755 

0*730 

3 

4 

1*147 

1*094 

1*047 

1*004 

0*965 

0*928 

0*895 

0*863 


0*804 

0*777 

0*751 

4 

5 

1*204 

1*145 

1*092 

1*045 

1*002 

0*962 

0*925 

0*891 

0*859 

0*829 

o*8oi 

0*773 

5 

6 

1*270 

1*201 

1*142 

1*089 

1*042 

0*999 

0*959 

0*922 

0*888 

0*856 

0*825 

0*797 

« 

7 

1*348 

1*267 

1*199 

1*139 

i*o86 

1*039 

0*995 

0-956 

0*919 

0*884 

0*852 

0*821 

7 

U 


1*345 

1*264 

1*196 

1*136 

1*083 

1*035 

0*992 

0*952 

0*915 

o*88o 

-848 

8 

9 



1*342 

1*261 

1*193 

1133 

1*080 

1*032 

0*988 

0*948 

0*911 

0*876 

9 

10 




1*339 

1*258 

1*189 

1*129 

1*076 

1*028 

0*984 

0*944 

0*906 

](» 

11 





1*336 

1*254 

1*185 

1*125 

1*072 

1*023 

0*980 

0 939 

11 

12 






1*332 

1*250 

i*i8i 

1*121 

1*067 

1*019 

0*975 

12 

13 







1*328 

1*246 

1*177 

i*ii6 

1*063 

1*014 

13 

14 








1*323 

1*242 

1*172 

I*II 2 

1*058 

14 

ir> 









1*319 

1*237 

1*167 

1*106 

15 

10 










1*314 

1*232 

1*162 

10 

17 

1*332 










1*308 

1*226 

17 

18 

1*250 

1*328 










1*303 

18 

1!) 

i*i8i 

1*246 

1*323 










19 

20 

1*121 

1*177 

1*242 

1*319 









20 

21 

1*067 

i*ii6 

1*172 

1*237 

1*314 








21 

22 

1*019 

1*063 

1*112 

1*167 

1*232 

1*308 







22 

23 

0*975 

1*014 

1*058 

i*io6 

1*162 

1*226 

1*303 






23 

24 

0*934 

0*970 

1*009 

1*052 

1*101 

1*156 

1*221 

1*297 





24 

ia 

0*897 

0*929 

0*965 

1*004 

1*047 

1*095 

1M51 

1*215 

1*291 




25 

26 

0*861 

0*890 

0*924 

0*959 

0*998 

1*041 

1*090 

1*144 

1*208 

1*285 



20 

27 

0*828 

0*856 

0*886 

0*918 

0*953 

0*992 

1*035 

1*083 

1*138 

1*202 

1*278 


27 

28 

0*797 

0*823 

q 

00 

0 

0*880 

0*912 

0*947 

0*986 

1*028 

1*076 

1*131 

1*195 

1*271 

28 

2!» 

0*767 

0*791 

0*817 

0*844 

0*8*74 

0*906 

0*940 

0*979 

1*021 

1*069 

1*124 

i*i88 

29 

liii 

0*739 

0*761 

0*785 

o*8i I 

0*838 

0*867 

0*899 

0*934 

0*972 

1*014 

1*062 

1*117 

30 

31 

0*712 

0*733 

0*755 

0*779 

0*804 

0*831 

0*8 60 

0*892 

0*926 

0*965 

1*007 

1*055 

31 

32 

0*686 

0*706 

0*726 

0*748 

0*772 

0*797 

0*824 

0-853 

0*885 

0*919 

0*957 

0*999 

32 

33 

0*661 

0*679 

0*699 

0*720 

0*742 

*'0*765 

0*790 

0*817 

0*846 

0*877 

0*911 

0*949 

33 

34 

0*636 

0*654 

0*672 

0*692 

0*712 

0*^4 

0*757 

0*782 

0*809 

0*838 

0*869 

0*903 

31 

33 

o'6i2 

0*630 

0*647 

0*665 

0*685 

0*705 

0*727 

0*750 

0*774 

o*8oi 

0*829 

o*86i 

35 

3(i 

0*590 

o*6o6 

0*622 

0*640 

0*658 

0*677 

0*697 

0*719 

0*742 

0*766 

0*792 

0*821 

36 

37 

0*568 

0*583 

0*598 

0*615 

0*632 

0*650 

0*669 

0*689 

0*710 

0*733 

0*758 

0*784 

37 

38 

0*546 

0*560 

0*575 

0*591 

0*607 

0*624 

0*642 

o*66i 

0*681 

0*702 

0*724 

0*749 

38 

39 

0 * 5 - S 

0*538 

0*552 

0*567 

0*582 

0*599 

0*615 

0*633 

0*652 

0*672 

0*693 

0*715 

39 

10 

0 * 5^4 

0*517 

0*530 

0*544 

0*559 

0*574 

0*590 

0*607 

0*624 

0*643 

0*662 

0*683 

40 

41 

0*484 

0*496 

0-509 

0*522 

0*536 

0*550 

0*565 

0*581 

0*597 

0*615 

0*633 

0*653 

41 

42 

0*464 

0*475 

0 487 

0*500 

0*513 

0*527 

0*541 

0*556 

0*572 

0*588 

0*605 

0*623 

42 

43 

0*444 

o‘4S5 

0*466 

0*478 

0*491 

0*504 

0*517 

0*532 

0*546 

0*562 

0*578 

0*595 

43 

44 

0*424 

0*435 

0*446 

0-457 

0*469 

0*482 

0*494 

0* 508 

0*522 

0*^36 

0*552 

0*568 

44 

45 

0*405 

o*4«5 

0*426 

0*436 

0*448 

0*460 

0*472 

0*484 

0*498 

0*511 

0*526 

0*541 

45 

46 

0*386 

0*395 

0*405 

0*416 

0*427 

0*438 

0*449 

0*461 

0*474 

0*487 

0*501 

0*515 

40 

47 

0*367 

0*376 

0 38B 

[ 0*396 

0*406 

0*416 

0*427 

0*439 

0*451 

0*463 

0*476 

0*490 

47 

48 

0’34-^ 

0*357 

0*366 

0*375 

0*385 

0 * 395 , 

0*406 

0*417 

0*428 

0*440 

0*452 

0*465 

48 

40 i 

1 0*329 

o* 3'^7 

0*346 

o ‘355 

0*365 

o* 37 A 

0*384 

0*395 

0*405 

0*417 

0*428 

0*440 

49 

r 7 (r 

0*3 10 

0*318 

0*327 

o* 3 i 35 

0*344 

0*354 

0*363 

0*373 

[0-383 

0*394 

0*405 

0*416 

“50 

51 

0*291 

0*299 

0*307 

0*316 

0*324 

0*333 

0*342 

0*351 

0*361 

0*371 

0*381 

0*392 

51 

52 

0*273 

0*280 

0*288 

0*296 

0*304 

0*312 

0*321 

0*330 

0*339 

0*349 

0*359 

0*369 

5*2 

53 

0*254 

0*26 1 

0*269 

0*276 

0*284 

0*292 1 

0*300 

0*309 

0*317 

0*326 

0*336 

0*346 

53 

54 

0*235 

0*242 

0*249 

0*257 

0*264 

0*271 

0*279 

0*287 

0*296 

0*304 

0*313 

0*322 

64 

55 

o*zi6 

0*223 

0*230 

0*236 

0*244 

0*251 

0*258 

0*266 

0*274 

0*282 

0*291 

0*299 

55 

56 

0*197 

0*204 

0*210 

0*217 

0*223 

0*'230 

0*237 

0*245 

0*252 

0*260 

0*268 

0*277 

50 

57 

0* 1.78 

0 i»4 

0*190 

0*197 

0*203 

0*210 

0*2i6 

0*223 

0*231 

0*238 

0*246 

0*254 

57 

58 

b* I 59 

0* 164 

0*170 

0*176 

0*183 

0*189 

0*195 

0*202 

0*209 

0*216 

0*223 

0*231 

58 

1 i 

O'l 'to 

o* 145 

0*1 50 

0*156 

0*162 

o*i68 

0*174 

0*180 

0*187 

0*194 

0*201 

o*2o8 

59 

60 1 

0*1 19 

0*125 

O* 1 30 

0*135 

0*141 

0*147 

0*153 

0*159 

0*165 

0*171 

0*178 

o* 185 

0 (» 

61 ' 

0*099 

0*104 

0' 109 

0*115 

6*120 

0*125 

0*131 

0*137 

0*143 

0*149 

0*155 

0*161 

in 

62 

o'o*/9 

0*084 

o*o88 

0*093 

0*099 

0*104 

0*110 

0*115 

0*120 

1 0*126 1 0*132 

1 o-nH 

V 02 




TABLE 70 


LOGARITHMS 

FOR COMPUTING THE REDUCTIOxV TO THE MERIDIAN, AT SEA. 
Part II. Latitude and Declination oi' cmitrari/ Names. 
Declikation. 


Lnt. 

0° 


2° 

(1° 

1 

2 

3 

4 

5 

**359 

1*360 

1-280 

1*360 

1-280 

1*213 

6 

X-Z 79 

1-213 

*•*55 

7 

i*2ia 

1-154 

1*103 

a 

*'*53 

1*102 

*•057 

a 

1*101 

1*056 

1*015 

10 

1-055 

1*014 

0-976 

11 

I-OI 2 

0*975 

0*941 

12 

0-974 

0-939 

0-907 

13 

0-938 

0*906 

0-876 

u 

0-904 

0-875 

0-847 

ir> 

0-873 

0-846 

0*820 

la 

0-844 

o*8i8 

0*794 

17 

0-816 

0*792 

0-769 

18 

0-789 

0-767 

0*745 

10 

0-764 

0-743 

0*722 
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'lAiSLh VU 


LOGARITHAJS 

FOR COMPUTING THE REDUCTION TO THE MERIDIAN, AT SEA 
Part II. Latitude and Declination of contrary Names. 


Declination. 


18 ° 

19 ° 

20° 

21° 

22° 

23 ° 

0*789 

0*764 

0*740 

0*717 

0*695 

0*673 

0*767 

0*743 

0*720 

0*698 

0*676 

0*656 

P *745 

0*722 

0*700 

0*679 

0*659 

0*639 

0*724 

0*703 

0*682 

0*661 

0*642 

0*623 

0*705 

0*684 

0*664 

0*644 

0*625 

0*607 

0*686 

0*666 

0*646 

0*628 

0*609 

0*592 

0*668 

0*648 

0*630 

0*612 

0*594 

0*577 

0*650 

0*632 

0*614 

0*596 

0*579 

0*563 

0*633 

0*615 

0-598 

0*581 

0-565 

0*549 

0*617 

0*600 

0-583 

0*567 

0-551 

0*535 

























TABLE 71 


861 


LOGARITHMS 

FOR COMPUTING THE CORRECTION OF THE LATITUDE BV ACCOUNT. 
Part I. Observations on the same side 
both of the Meridian and of the Prime Vertical. 



9*565 9*435 9*316 19*206 9*100 
9*575 9‘446 9*333^ 9*227 9*126 
9*583 9*457 9*346 9*245 9*148 
9*5909 467 9*359 9*260 9*i68 
9*5969*475 9*370 9*274 9*185 
9*6029*483 9*379 9*286 9*200 
9*6089*490 9*389 9*297 9*214 
9*6139*497 9*397 9*308 9*226 
9*6179*503 9*404 9*317 9*237 
9*6229*508 9*411 9*325 9*247 
9-6269*513 9*418 9^333 9*256" 
9*6299*518 9*424 9 340 9*265 
9 633 9*523 9 429 9*347 9*273 
9*6369*527 9*435 *9*334 9*28x 
9*^39 9*53* 9*440 9*360 9*288 
9*6429*535 9*444 9*365 9 295 
9*6459*539 9*449 9*371 9*301 
9*6489*542 9*453 9*376 9*307 
9*6519*545 9*457 9*381 9*313 
9*653 9*549 9* 461 9*386 9*319 
9*6569-552 9-465 9*390 9*324 

9*6589*555 9*469 9*395 9 329 

9*66i 9*558 9*473 9*399 9*334 
9*6639*561 9*476 9*403 9*339 
9*6659*564 9*480 9*408 9*344 
9 667 9*567 9*483 9*412 9*349 
9*6709*569 9*487 9 416 9*353 
9*6729*572 9*490 9*420 9*358 
9*674 9*575 9*493 9*423 9*362 
9*676 9^578 [9 496 9-427 9*366 


8*993 8*884 8*766 

9*027 8*926 8*821 8*707 

9*055 8*961 8*865 8*763 8*653 

9*079 8*991 8*901 8*809 8*711 

9-099 9*016 8*932 8*847 8*758 8*662 

9*ii8 9*038 8*959 8*879 8*797 8*710 8*617 

9*134 9*057 8*982 8*907 8*830 8*751 8*667 8*576 

9*149 9*075 9*003 8*931 8*859 8*785 8*708 8*626 8*537 

9*162 9*090 9*021 8*953 8*885 8*815 8*744 8*66818*589 

9*174 9*105 19*038 8*972 8*907 8-842 8*775 8*705 |8*632 


9*185 9*118 9*053 8*990 8-927 8*865 8‘8o2 8*737 8*670 

9*195 9*129 9*067 9 006 8*946 8*886 8*826 8*765 8*702 

9*205 9*141 9*079 9*020 8*962 8*905 8*84.8 8 790 8*731 
9*214 9*151 9*091 9 034 8 978 8*923 8*868 8*813 8*757 

9*222 9*160 9*102 9 046 8*992 8*939 8*886 8*834 8*781 

9 230 9*169 9*112 9*058 9*005 8*954 8*903 8*853 8*802 

9*237 9*178 9*122 9 069 9*oi8 8*968 8*919 8*870 8*822 

9*244 9*i86 9*131 9*079 9*02918*981 8*933 8*887 8*840 
9*251 9*194 9*140 9*089 9 040 8*993 8*947 8*901 8*857 

9*258 9*201 9*148 9*099 9*051 9*005 8*960 8*916 8*873 

9264 9*208 9*156 9*107 9*061 9 016 8*972 8*930 |8*887 

9*270 9*215 9*164 9*116 9*070 9*026 8*984 8*942 18*902 

9*275 19*222 9*171 9*124 9*079 9*036 8*995 8*959 18*915 

9*281 9*228 9*178 9*132 9*088 9*046 9*oo6 8*966 ,8*928 

9*287 9-234 9*185 9*140 9 097 9 055 9-016 8*977.8*940 

9*292 9 240 9*192 9*147 9*105 9 065 9*026 8*98818-952 

9*297 9*246 9*199 9*155 9*113 9*073 9*035 8 999 '8-963 

9*302 9*252 9*205 9*162 9*121 9*082 9*045 9*009 8*974 

9*307 9*257 9*211 9*169 9*128 9*090 9*054 9*019 18*985 

9*312 9*263 9*218 9*175 9*136 9*098 9*062 9*028 8*995 


42° 44° 4fi° 48° 60° 52° 54° 66° 58° 60° I 62° 


54° 8*6378*567 8*492 8*408 8*314 i 

56 8*6708*606 8*538 8*464 8*381 8*288 

68 8-7008*640 8*577 8*510 8*437 8*356 8*264 

60 8*7268*671 8*6i2 8*551 8*485 8*413 8*333 8*242 

62 8*7508*698 8*643 8*587 8*526 8-461 8*391 8*312 8*221 


64 8*773 8*723 8*671 |8*6i8 8*563 8*503 


*370 8*292 


8*793 8*745 8*697 8*647 8*595 8-540 8*482 8*419 8*350 '8*273 
8*8128*766 8*720 8*673 8*624 ^'573 8-520 8*462 8-401 8-332.8*256 I 

8*829 8*786 8-742 8*697 8*651 8-603 8*553 8*501 8*444 8*383 ^ 316 8*240 | 

8*8468*804 8*762 8*719 8*676 8*631 8*584 8*535 8*483 8 428 8*367 8*301 8*2261 

8*8618*821 8-781 8*740 8*698 8*656 8*6i2 8*56618*518 8 467 8*412 8*353 8*2871 
8-8768*837 8-798 8*759 ^‘7^9 8*679 8*638 8*595 8*550 8*503 8*453 8*398 8*340 ',8*275 

8*8908*852 8*815 8*777 8*739 8*701 8*66i 8*621 8*579 8*535 8*489 8*439 8-38618*3281 

8-9038*867 8*831 8*794 8*758 8*721 8*684 8*645 8*606 8*564 8*521 8*476 8*427 |8*375 

8-9168*881 8*846 8*8ix 8*776 8*740 8*705 8*668 8-631 8-591 8-551 8*509 8*464:8*416 

8*9288*894 8*86o 8*826 8*793 8*759 8*7^4 8*690 8*654 8*617 8*579 8*540 8*498 8*454 

8*9408*907 8*874 8*841 8-809 8*776 8*743 8*710 8*676 8*641 8*605 8*568 8*529 8*488 

8-9518*919 8*887 8*856 8*824 8-793 8*761 8-729 8*697 8-664 8*630 8*595 8*558 8*520 

8*9638*931 8*90018*869 8*83918-809 8-778 8*748 8*717 8-685 8-653 8*620 8*585 jJB-sso 
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10 9*9319*879 

12 9-897 9*840 9*797 
14 9*8709*810 9*764 
16 9*8499*786 9*737 
18 9*8329*766 9*715 
20 9*8189*749 9*696 
22 9*8069*735 9*680 
24 9*795 9*722 9*666 
26 9*7869*712 9*654 
28 9*7789*702 9*643 
30 9*7719*693 9*633 


36 ° 38 ° 40 ° 42 ° 44 ° 46 ° 48 ° 50 ° 52 ° 54 ° 56 ° 58 ° 60 ° 62 ° 

9*264 

9*248 9*232 
9*2349*217 9*201 
9*2209*202 9* 186 9*171 
9*2069*189 9*172 9*156 9 140 
9' 193 9*175 9 158 9*141 9* 125 19 110 
9*i8i 9*162 9*145 9*127 9*111 (9 095 9*079 
9*1699*150 9*132 9*114 9 097 '9*080 9*064 9*049 
9*1589*138 9*119 9*101 9*08319*066 9*050 9*034 9*oi8 
84 9*1479*126 9*107 9*o88 9*070 ’9*052 9*035 9*019 9*002 8*986 

66 9*1369*1^5 9*095 9*076 9*057 9*039 9*021 9*004 8*987 8*970 8*954 

58 9*1259*104 9*083 9*063 9*044 9*025 9*007 8*989 8*972 8*955 8*938 8*921 

60 9’ii5 9*093 9*072 9*051 9*032 9*012 8*994 8*975 8*957 8*939 8*921 8*904 8*886 

62 9*1059*083 9*066 9*039 9*019 8*999 8*980 8*961 8*'942 8*924 8*905 8*887 8*869 8*851 

64 9 094 9*071 9*049 9*028 9*007 8*986 8*966 8*947 8*927 8*908 8*889 8*870 8*851 8*832 

66 9*0849*061 9*038 9*016 8*994 8*973 8*953 8*933 8*913 8*893 8*873 *’853 8*834 8*814 

68 9*0749*050 9*027 9*004 8 982 8 960 8*939 8*918 8*898 8*877 8*857 8*836 8*8i6 8*795 
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853 


LOGARITHMS 

FOR COMPUTING THE CORRECTION OF THE LATITUDE BY ACCOUNT. 
Part II. (continued.) Observations on different sides 
either of the Meridian or of the Prime Vertical. 

Azimuths. 


36 *^ 

38 ° 

40 ° 

42 ° 

44 ° 

4 G° 

48 ° 

50 ° 

52 ° 

54 ° 

66° 

68° 

60 ° 

62 ° 

70 ° 

72 

74 

76 

76 

m 

82 

84 

86 

88 

90 

9’o6f; 

9*055 

9*045 

9*035 

9*025 

9*015 

9*005 

8*995 

8*984 

8*974 

8*063 

9*040 

9*029 

9*019 

9*008 

8*998 

8*987 

8*976 

8*965 

8*954 

8*943 

8*931 

9*016 

9*005 

8*994 

8*983 

8-971 

8*960 

8-948 

8*937 

8 * 9 z 5 

8*913 

8*900 

8-993 

8*981 

8*969 

8-957 

8*946 

^•933 

8*9zi 

8*909 

8*896 

8*883 

8*869 

8*970 

8*958 

8*945 

^•933 

8*920 

8-907 

8-894 

8*88i 

8-867 

8*853 

8*839 

8*948 

8*935 

8*922 

8*909 

8*895 

8*882 

8*868 

8*854 

8*839 

8*824 

8*809 

1 

8*926 

8*912 

8-898 

8*885 

8*870 

8*856 

8*841 

8*826 

8*811 

^•795 

8*778 

8*904 

8*890 

8*875 

8*861 

8 846 
8*831 
8*815 

8*799 

8*782 

8-765 

8-748 

8*883 

8-868 

8*853 

8*837 

8*821 

8*805 

8*789 

8*772 

8-754 

8*736 

8*717 

8*862 
8*846 
8*830 
8*813 
8*797 
8*780 
8*762 
8*744 
8*725 
8 *706 

8*685 

8*848 

8*824 

8*807 

8*790 

8*772 

8*754 

8*725 

8*716 

8*696 

8*675 

8*653 

8*819 

8*802 

8*784 

8*766 

8*747 

8*728 

8*708 

8*687 

8*666 

8*643 

8*620 

8*798 

8*779 

8*760 

8*741 

8*721 

8*701 

8-68o 

8*658 

8*635 

8*6i I 

8*585 

8-776 

8-757 

8*737 

8*717 

8*696 

8*674 

8-651 

8*628 

8*603 

8*577 

8*550 
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TABLE 73 


THE LOGARITHMIC DIFFERENCE 
( liaromeier, 30 iiiolies. Fahrenlieit'it Thermofiieter, 50°.) 


Horizontal i aralla^f. 


1 - rtf I Corr. for ' of Par. 


0" I 2'' 1 6" ir I KT 


9*99 9*99 
9825 9817 
9806 9797 
9786 9777 
9767 9758 
9747 9738 
9728 9718 

9708 9698 
9689 9678 
9669 9658 
9649 9637 
9629 9617 
9609 9597 

9589 9576 

9569 9556 

9549 9535 
9529 9515 
9509 9495 
9489 9474 
9469 9454 

9449 9434 
9429 9413 
9409 9393 
9389 9373 
9369 9352 


9*99 9-99 

9809 9800 
9789 9780 
9769 9760 
9748 9739 
9728 9718 
9708 9698 
9687 9677 
9667 9656 
9646 9635 
9626 9614 
9605 9593 
9585 957^ 
9563 9551 

9543 9530 
9522 9509 
9501 9487 
9481 9466 
9460 9445 


9*99 1 9*99 

^*84 9776 

9763 9754 
9742 9732 
9720 9711 
9699 9689 
9677 9667 

9656 9645 ' 

9634 9623 
9613 9601 

9591 9579 
9569 9557 
9547 I 9535 

9525 9512 

9503 9490 
9481 9468 
9460 9446 
9438 9424 
9416 9401 

’ 9394 9379 
9372 9357 
9350 9334 
9329 9312 
9307 9290 
9285 9268 
9263 9246 
9241 9223 
9219 9201 
9197 9179 

9175 9157 
9154 9134 


3 3 4 

5 515 

6 7 1 7 

8 8 9 


9 10 10 
12 13 13 


8 8 8 

I 2 ~ li 

344 •'»:! 

566 

7 ^ ^ i ^ 

9 10 10 2 4 

6 

1 2 2 4 8 

34409 

6 6 7 C II 

8 9 9 7 13 

II II 12 8 15 

14 14 14 o! 17 


13 13 I I 

16 16 161 


9 10 10 
12 13 14 
16 16 17 


14 15 16 jj |> 

or 


345 

778 

10 II 12 

14 15 15 
18 19 19 

oil 

4 4 5 

789 

11 12 13 

15 16 17 


y y 2 4 

13 H 7 

16 17 18 4 n 

2 3 4 « 13 

6 y 7 7 15 

10 10 II H 18 

14 14 n; 0 2c 

18 18 20 

122 23 23 


Sun’s Alt. 5° 6° T'" 14° 25° 34° 42° 51° 64° 90° I Star's Alt. 5° 6° 7® 8° 9° 11° 12° 14° '8° .^0 

Suh. 17 13 II 9 7 9 II 13 15 17 18 j 15119754 3 *.6 I r 

The Logarithmic Difference is not given in this Table for altitudes less than 3 °, because the 
lunar observation ought not to be employed with very low altitudes. 





TABLE 73 


855 


illK logarithmic differenci: 

( liHKirneter, 30 inc1ie8. Fahrenheit's Thormometer, 50°,) 


Horizontal Tarallax. 


53' 54' 55 66^ j 5H' 

9*99 9*99 9’99 9’99 9’99 9*99 

9037 9013 3989 8965 8941 8917 

9018 8993 8969 8945 8921 8896 

8998 8974 8949 8925 8900 8875 

8979 8954 8929 8904 8879 8854 

8960 893s 8909 8884 8859 8833 

8 941 8915 8889 8864 8838 8812 

8922 8896 8869 8843 8817 8791 

8903 8876 8850 8823 8797 8771 

8883 8857 8830 8803 8776 87^0 

8864 8837 8810 8783 8756 8720 

8845 8818 8790 8763 8735 8708 

8826 8799 8771 8743 8715 8687 

8807 8779 8751 8723 8694' 8666 

8788 8760 8731 8703 8674 8645 

8769 8740 8711 8682 8653 8624 

8750 8721 8691 8662 8633 8603 

S731 8701 8672 8642 8612 8582 

8712 8682 8652 8622 8592 8^62 

8693 8662 8632 8601 8571 8541 

8674 ^^43 8612 8581 8551 8520 

S655 8624 8592 8561 8530 8499 

8636 8604 8573 8541 8510 8478 

S617 8585 8553 8521 8490 8458 

8i;98 8566 8533 8501 ^469 8437 

^S79 8546 8514 8481 8449 ^416 

8560 8527 8494 8461 8428 8395 

8541 8508 8474 8441 8408 8375 

S522 8489 8455 8421 8388 8354 

8503 8469 8435 8401 8367 8333 

8484 8450 8416 8381 8347 8313 

8465 8431 8396 8361 8327 8292 

8447 8412 8377 8342 S307 8271 

8428 8392 8357 8322 8286 8251 

8409 8373 8338 8302 8266 8230 

S390 8354 8318 8282 8246 8210 

8371 8335 8299 8262 8226 8189 

8353 8316 8279 8242 8205 8169 

8334 8297 8260 8222 8185 8148 

S315 8278 8240 8203 8165 8128 

8297 8259 8221 8183 8145 8107 

8278 8240 8201 8163 8125 8087 

8259 8221 8182 8143 8103 8066 

8240 8201 8162 8124 8085 8046 

8222 S183 8143 8104 8065 8025 

8203 8164 8124 8084 8045 8003 

8185 8145 8105 8065 8025 7985 

8166 8126 8085 8045 8005 7964 

8147 8107 8066 802 s 7985 7944 

8129 8088 8047 8006 7965 7924 

8110 8069 8027 7986 7945 7903 

8092 8050 8008 7967 7925 7883 

8073 8031 7989 7947 7905 7863 

8055 8012 7970 7927 7885 7842 

8036 7993 7950 7908 7865 7822 


Sun’s Alt. 5° 0 ° 7" 8'^ J4° 25° ' 34 ' 42"' 51° 


50 ' 6*0' cr 

9*99 9*99 9*99 
^94 8870 8846 
^ra72 8848 8824 
8851 8826 8802 
8830 8805 8780 
8808 8783 8758 
8787 8761 8735 
8765 8739 8713 
8744 8718 8691 
8723 8696 8669 
8702 8675 8647 
8680 8653 8625 
8659 8631 8604 
8638 8610 8582 
8617 8588 S560 
8595 8566 8538 
8574 8545 8516 
^553 8523 8494 
81532 8502 8472 

8510 8480 8450 
8489 8458 8428 
8468 8437 8406 
8447 8416 8384 
8426 8394 8362 
8403 8373 8340 
8384 8351 8318 
8363 8330 8297 
8341 8308 8275 
8320 8287 8253 
8299 8266 8232 
8278 8244 8210 
8257 8223 8188 
8236 8201 8166 
8215 8180 8145 
8195 8159 8123 
8174 8138 8101 
8153 8116 8080 
8132 8095 8058 
8111 8074 8037 
8090 8053 8015 
8069 8031 7994 
8048 8010 7972 
8028 7989 7950 
8007 7968 7929 
7986 7947 7907 
7965 7926 7886 
7945 7905 7865 
7924 7884 7843 
7903 7863 7822 
7882 7841 7800 
7862 7820 7779 
7841 7800 7758 
7821 7779 7736 
7800 7758 7715 
7779 7737 7^94 


't of Corr. for of Par. mb. 

0' I 2" I 4" I C" I 8" I 10" 


3 4 

7 8 

II 12 
16 17 
20 21 
*5 



17 18 H.P. 

22 23 63' 

27 a8 

4 5 12 

8 10 2 4 

13 15 3 6 

18 20 4 s 
24 ^5 6 9 
^29 6 II 

4 5713 

9 10 8 15 

14 16 9 17 
20 21 




5 7 H.P. 

13 (il' 

18 20 
27 i ^ 
3* 34 2 4 
J 2 .A ^3 7 

5749 

14 5 IX 

>9 6 13 

27 28 


17 13 II 9 7 9 11 13 15 17 18 
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TABLE 73 


THE LOGARITHMIC DIFFERENCE 
(Barometer, 30 inches. Fahrenheit*8 Thermometer, 60^) 


Horizontal Parullax. ft 

64' I 65' I 56' I 67' I 58' | 69' | 60' | 61' 


9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

7907 

7862 

7817 

777a 

7726 

7681 

7636 

^91 

7545 

7889 

7*43 

7798 

775a 

7707 

7661 

7615 

7570 

75a4 

7871 

7825 

7779 

7733 

7687 

7641 

7595 

7549 

7503 

785^ 

7806 

7760 

7714 

7667 

7621 

7575 

7529 

7482 

7834 

7788 

7741 

7694 

7648 

7601 

7554 

7508 

7461 

7816 

7769 

7722 

7674 

7628 

7581 

7534 

7487 

7440 


10 7779 

20 7761 
30 7743 
40 77Z5 

50 7707 

22 0 7689 

10 7671 
20 7653 
30 763s 
40 7617 
60 7598 
23~(r 7581 
10 7563 
20 7545 
30 7527 
40 7509 
60 7491 


7473 

7455 

7438 

7420 

7402 

73^4 

7367 ' 

7349 

7331 

7314 

7296 

7^79 

7261 

7244 

7226 

7209 

7191 

1174 


27 0 7156 

10 7139 

20 7122 
30 7105 
40 7087 

60 7070 


0 7053 
10 7036 
20 7018 
30 7001 
40 69S4 
50 6967 


39 0 
10 
20 
30 
40 
50 


7703 7656 
7684 7636 
7665 7017 
7646 7598 
7628 7579 
7609 7560 


7514 7466 
7493 7446 
7473 74^5 
7453 7405 
7433 7384 

7413 7364 


7343 7294 
7323 7^73 
7302 7252 
7282 7232 
7261 7211 
7241 7199 
7221 7169 
7200 7149 
7180 7128 
7160 7107 
7140 7087 
7119 7066 


7099 7046 
7079 7025 
7059 7005 
7039 6984 
7019 6964 
6999 6944 
6979 6923 
6959 6903 
6939 6883 
6919 6862 
6899 6842 
6879 6822 
6859 6802 
6839 O781 
6820 6761 
6800 6741 
6780 6721 
6760 6701 


6740 1 668 1 
6721 6661 
6701 6641 
66S2 6621 
6662 6602 
I 6643 1 6582 


6623 6562 
6604 6542 
6584 6522 
6565 6503 

6545 6483 

6526 6463 


Corr, for '' of Par. mb. 

0" I 2" I 4" I 6" I 8" 1 10 


9 

11 

12 

14 

?7 

18 

20 

21 

^5 

26 

28 

29 

33 

34 

36 

37 

AL 

42 

44 

45 

2 

3 

5 

6 

9 

11 

12 

14 

18 

19 

21 

22 

26 

a7 

29 

30 

34 

36 

37 

39 

4a 

44 

46 

47 

2 

3 

5 

7 

10 

12 

*3 

*5 

18 

20 

22 

23 

27 

28 

30 

3a 

35 

37 

39 

40 

42 


48 

49 


*5 

23 

34 

39 

46 

8 

16 H.P. 


X 21 4 
17 3; 5 
25 4| 7 



10 

12 

14 

16 

18 

21 

21 

a3 

a5 

27 

29 

31 

3* 

33 

35 

37 

39 

42 

42 

44 

46 

48 

50 

Sa 

5a 

55 

57 

59 

61 

63 
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THE LOGARITHMIC DIFFERENCE 
(Barometer, 30 inches. Fahrenheit's Thermometer 

, 60 °.) 





C r- 
3 a 

App. 

Alt. 

1 Horizontal Parallax. 

" of 

I Corn for of Par. &ub 

" 

C. 

5 , 3 ' 

64 ' 

55 ' 

56 ' 

5 r 

68 ' 

69 ' 

60 ' 

1 61 ' 

Far. 

0 " 

J2' 

r 

a " 

8 " 

10 

0 / 

9‘99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 










30 0 

6848 

6783 

6718 

6633 

6s88 

6522 

6457 

6392 

6327 

0 

0 

2 

4 

6 

9 

II 



10 

6831 

6766 

6700 

663s 

6569 

6304 

#39 

6373 

6308 

10 

II 

*3 

*5 

*7 

20 

22 

1 sub, 1 

20 

6815 

6749 

6683 

6617 

6551 

6485 

^20 

6354 

6288 

20 

22 

24 

26 

29 

3 * 

33 



30 

6798 

6732 

6665 

6599 

6533 

6467 

6401 

6335 

6269 

60 

33 

35 

37 

40 

42 

44 



40 

6781 

6714 

6648 

6581 

6515 

6449 

6382 

6316 

6249 

40 

44 

46 

49 

5 * 

53 

56 

H.P.I 

50 

6764 

6697 

6630 

6564 

6497 

6430 

6363 

6296 

6230 

50 

Sh 

58 

60 

62 

64 

66 

63 ' 1 

31 0 

6747 

6680 

6613 

6546 

6479 

6412 

6344 

6277 

6210 

0 

0 

2 

4 

7 

9 

11 



10 

<>731 

6663 

6596 

6528 

6461 

6393 

6326 

6258 

6191 

10 

II 

*3 

16 

18 

20 

23 



20 

6714 

6646 

6579 

6511 

6443 

6375 

6307 

6240 

6172 

20 

23 

25 

27 

29 

32 

34 

1 

2 

30 

6697 

6629 

6561 

6493 

6425 

6357 

6289 

6221 

6*53 

30 

34 

36 

38 

4 * 

45 

46 

2 

3 

40 

6681 

6612 

6544 

6476 

6407 

6339 

6270 

6202 

6*34 

40 

46 

48 

50 

5 i 

55 

57 

.3 

5 

50 

6664 

6596 

6527 

6458 

6389 

6321 

6252 

6183 

6115 

50 

57 

59 

62 

64 

66 

68 

4 

6 

32 0 

6648 

6579 

6510 

6441 

6372 

6303 

6234 

6165 

6096 

0 

0 

2 

5 

7 

9 

1 1 

5 

8 

10 

6631 

6562 

6493 

6423 

6354 

62S5 

6215 

6146 

6077 

10 

II 

*4 

16 

18 

21 

23 

0 

|io 

20 

6615 

6545 

6475 

6406 

6336 

6267 

6197 

6127 

6058 

20 

23 

25 

28 

30 

32 

35 

7 

|i* 

30 

6598 

6528 

6458 

6388 

6318 

6249 

6179 

6109 

6039 

30 

35 

37 

40 

42 

44 

47 

8 

1^3 

40 

6582 

6312 

6441 

6371 

6301 

6231 

6160 

6090 

6020 

40 

47 

49 

5 ^ 

54 

56 

i 9 

|y|i 4 | 

50 

6565 

6493 

6424 

6354 

62S3 

6213 

6142 

6071 

6coi 

60 

59 

61 

63 

66 

68 

7 * 



33 0 

6549 

6478 

6407 

6336 

6265 

6*95 

6124 

6053 

5982 

0 

0 

2 

5 

7 

9 

12 



10 


6461 

6390 

6319 

6248 

6177 

6106 

6034 

5963 

10 

12 

*4 

*7 

*9 

21 

24 



20 

5516 

6445 

6373 

6302 

6230 

6159 

6087 

6016 

5944 

20 

24 

26 

29 

3 * 

33 

36 



30 

6500 

6428 

6356 

6285 

6213 

6141 

6069 

5998 

5926 

30 

36 

38 

4 * 

43 

45 

48 



40 

6484 

6412 

634c 

6268 

6195 

6123 

6051 

5979 

5907 

40 

48 

50 

53 

55 

58 

60 



50 

6468 

6395 

6323 

6250 

6178 

610^ 

6033 

5961 

5888 

50 

60 

63 

65 

68 

70 

72 



34 0 

6451 

6379 

6306 

6233 

6160 

6088 

6015 

594 ^ 

5869 

0 

0 

2 

5 

7 

10 

12 



10 

6435 

6362 

6289 

6216 

6*43 

6070 

5997 

5924 

5851 

10 

12 

*5 

*7 

*9 

22 




20 

6419 

6346 

6273 

6199 

6126 

6053 

5979 

5906 

5833 

20 

24 

27 

29 

32 

34 

37 



30 

6403 

6330 

6256 

6182 

6109 

6035 

5961 

5880 

5814 

30 

37 

39 

42 

44 

47 

49 



40 

6387 

6313 

6239 

6165 

6091 

6017 

5943 

5870 

5796 

40 

49 

5a 

54 

57 

59 

62 



50 

6371 

6297 

6223 

6148 

6074 

6000 

5926 

5851 

5777 

50 

62 

64 

67 

69 


74 



35 0 

6355 

6280 

6206 

6131 

6057 

5982 

5908 

5833 

5759 

0 

0 

2 

5 

7 

10 

12 



10 

6339 

6264 

6189 

6115 

6040 

5965 

5890 

5815 

5740 

10 

12 

*5 

*7 

20 

22 

25 



20 

6323 

6248 

6173 

6098 

6023 

5948 

5872 

5797 

5722 

20 

25 

27 

30 

32 

135 

38 



30 

6307 

6232 

6156 

6081 

6006 

5930 

5855 

5779 

5704 

30 

38 

40 

43 

45 

48 

50 



40 

6292 

6216 

6140 

6064 

5989 

59*3 

5837 

5761 

5686 

40 

50 

53 

55 

58 

61 

63 



50 

6276 

6200 

6124 

6048 

597 * 

5895 

5819 

5743 

5667 

50 

h. 

66 

68 

7 * 

74 

76 



36 b 

6260 

6183 

6107 

6031 

5954 

5878 

5802 

57^5 

5649 

0 

0 

2 

5 

8 

10 

*3 



10 

6244 

6167 

6091 

6014 

5938 

5861 

5784 

5708 

563* 

10 

*3 

*5 

18 

20 

23 

26 



20 

6228 

6152 

6075 

5998 

592* 

5844 

5767 

5690 

5613 

20 

26 

28 

3 * 

33 

36 

39 

H.P.I 

3,0 

6213 

6136 

6058 

5981 

5904 

5827 

5749 

5672 

5596 

30 

39 

4 * 

44 

46 

49 

52 

81 ' 1 

40 

6197 

6120 

6042 

5964 

5887 

5809 

5732 

5°54 

5577 

40 

5 ^ 

54 

57 

59 

62 

65 



51 > 

6181 

6104 

6026 

5948 

5870 

5792 

57*4 

5637 

5559 

50 


67 

70 

73 

75 

78 



37 0 

6166 

6088 

6009 

593 * 

5853 

5775 

5697 

5619 

554 * 

0 

0 

3 

5 ' 

8 

10 

*3 

1 

2 

10 

6150 

6072 

5993 

59*5 

5837 

5758 

5680 

5601 

55^*3 

10 

*3 

16 

18 

21 

23 

26 

2 


20 

^'135 

6056 

5977 

5899 

5820 

574 * 

5662 

5584 

5505 

20 

26 

29 

31 

34 

37 

39 

3 

5 

} 30 

6119 

6040 

5961 

5882 

5803 

5724 

5645 

5566 

5487 

30 

39 

42 

45 

47 

50 

53 

4 

7 

40 

6104 

6024 

5945 

5866 

5787 

5707 

5628 

5549 

5469 

40 

53 

56 

58 

61 

63 

66 

5 

9 

50 

6088 

6009 

5929 

5850 

5770 

5690 

5611 

553 * 

5452 

60 

66 

69 

7a 

74 

77 


8 

11 

36 0 

6073 

5993 

59*3 

5833 

5753 

5673 

5594 

55*4 

5434 

0 

0 

3 

5 ' 

8 

II 

*3 

7 

*3 

10 

6058 

5977 

5897 

5817 

5737 

5657 

5577 

5496 

54*6 

10 

*3 

z6 

*9 

21 

24 

27 

8 

*4 

20 

6042 

5962 

5881 

5801 

5721 

5640 

5560 

5479 

5399 

20 

27 

29 

3 ^ 

35 

37 

40 

9 

16 

30 

6027 

5946 

5866 

5785 

5704 

5623 

5543 

5462 

5381 

30 

40 

43 

46 

48 

5 * 

54 



40 

6012 

5931 

5850 

5769 

5688 

5607 

55^6 

5445 

5364 

40 

54 

57 

59 

62 

65 

68 



50 

5997 

59*5 

5^34 

5753 

5671 

5590 

5500 

5427 

5346 

60 

68 

70 

73 

76 

79 

81 



.39 0 

5981 

5960 

5818 

5736 

5655 

5573 

549 ^ 

54*0 

5328 

0 

0 

3 

5 ' 

8 

II 




10 

5966 

5884 

5802 

572* 

5639 

5557 

5475 

5393 

531* 

10 

*4 

16 


22 

25 

27 



20 

5951 

5^69 

5787 

5705 

5622 

5540 

5458 

5376 

5294 

20 

27 

30 

33 

36 

38 

4 * 



30 

5936 

5854 

5771 

5689 

5606 

5524 

544 * 

5359 

5277 

30 

4 * 

44 

47 

49 


55 



40 

59 ^* 

5838 

5756 

5673 

559 « 

5507 

54^5 

534a 

5^59 

40 

55 

58 

61 

63 

66 

69 



50 

59 °« 

5823 

5740 

5657 

5574 

549 * 

5408 

53^51 

5242 

50 

09 

li. 

Him 

80 

82 




Sun’s Alt. 0* 6® 7° 8"* 14° 25° 34° 42° 51° 64° 90° Star’s Alt. 5° 6° 7° 8° 0° 11° 12° 14° 18° 3)1 
fu6, 17 13 II 9 7 9 11 13 15 ^7 18 15 11 9 7 5 4 3 i i o | 
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TABLE 73 


THE LOGARITHMIC DIFFERENCE 
(BHi*ometei% 30 incheR. Fahrenheit*8 Thermometer, 50®.) 


Iforizontal Panilhix. 


63 ' 

64 ' 

65 ' 

66' 

67 ' 

68' 

69 ' 

60 ' 

61 ' 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

5891 

5808 

5724 

5641 

5558 

5474 

539 * 

5308 

5225 

5876 

5793 

5709 

5625 

5542 

5458 

5375 

#» 9 * 

5207 

5861 

5777 

5694 

5610 

5526 

5442 

5358 

5274 

5*90 

5847 

5762 

5678 

5594 

5510 

5426 

5342 

5257 

5*73 

583a 

5747 

5663 

5578 

5494 

54*0 

5325 

5241 

5*56 

5817 

5732 

5647 

5563 

5478 

5393 

5309 

5224 

5*39 

5802 

5717 

5632 

5547 

5462 

5377 

5292 

5207 

5122 

5787 

5702 

5617 

5532 

54-16 

5361 

5276 

5 * 9 * 

5*05 

5773 

5687 

5602 

5516 

543 * 

5345 

5260 

5*74 

5089 

5758 

5672 

5587 

550* 

54*5 

5329 

5243 

5*58 

5072 

5744 

5658 

5571 

5485 

5399 

53*3 

5227 

5 * 4 * 

5055 

5729 

5643 

5556 

5470 

5384 

5297 

5211 

5124 

5038 

5714 

5628 

5541 

5455 

5368 

5281 

5*95 

5108 

5021 

5700 

5613 

5526 

5439 

5352 

5266 

5*79 

5092 

500 s 

5686 

5599 

5511 

5424 

5337 

5250 

5163 

5075 

4988 

5671 

5584 

5496 

5409 

5322 

5234 

5*47 

5059 

4972 

5657 

5569 

5482 

5394 

5306 

5218 

5 * 3 * 

5043 

4955 

5643 

555 5 

5+67 

5379 

529* 

5203 

5**5 

5027 

4939 

5628 

5540 

5452 

5363 

5275 

5*87 

5099 

5010 

4922 

5614 

5526 

5437 

5349 

5260 

5 * 7 * 

5083 

4994 

4906 

5600 

5511 

5422 

5334 

5245 

5*56 

5067 

4978 

4890 

5586 

5497 

5408 

53*9 

5230 

5 * 4 * 

505* 

4962 

4873 

557 » 

5482 

5393 

5304 

5214 

5*25 

5036 

4946 

4857 

5558 

5468 

5378 

5289 

5*99 

5110 

5020 

4930 

484* 

5544 

5454 

5364 

5274 

5*84 

5094 

5004 

49*4 

4825 

5530 

5439 

5349 

5259 

5*69 

5079 

4989 

4899 

4809 

5516 

5425 

5335 

5245 

5*54 

5064 

4973 

4883 

4793 

550a 

5411 

5320 

5230 

5*39 

5048 

4958 

4867 

4777 

5488 

5397 

5306 

5215 

5*24 

5033 

4942 

485* 

4760 

5474 

5383 

5292 

5200 

5109 

5018 

4927 

4836 

4744 

5460 

5369 

5277 

5186 

5094 

5003 

49 ** 

4820 

4728 

5446 

5355 

5263 

5171 

5080 

4988 

4896 

4X04 

47*3 

5433 

5341 

5^49 

5*57 

5065 

4973 

4881 

4789 

4697 

5419 

53^7 

5^35 

5*42 

5050 

4958 

4866 

4774 

4681 

5405 

5313 

5220 

5128 

5035 

4943 

4851 

4758 

4666 

539 ^ 

5299 

5206 

5**3 

5021 

4928 


4743 

4650 

5378 

5285 

5*92 

1 5099 

5006 

[ 49*3 

4820 

4727 

4634 

5365 

5271 

5178 

1 508-5 

4992 

I4898 

4805 

47*2 

4619 

5351 

5258 

5164 

507* 

4977 

4884 

4790 

4697 

4603 

5338 

5244 

5150 

5057 

4963 

4869 

4775 

4682 

4588 

53^4 

5230 

5*36 

5042 

4948 

4854 

4760 

4666 

4572 

5311 


5*23 

5028 

4934 

4840 

4745 

4651 

4557 

5298 

5203 

5*09 

5014 

4920 

4825 

473 * 

4636 

4542 

5284 

5190 

5395 

5000 

4906 

4811 

47*6 

4621 

4527 

5271 

5176 

5081 

4986 

4891 

4796 

4701 

4606 

45 ** 

5258 

5163 

5068 

4972 

4877 

4782 

4687 

4592 

4496 

524s 

5149 

5054 

4959 

4863 

4768 

14672 

4577 

4481 

5232 

5136 

5040 

4945 

4849 

4753 

4658 

4562 

4466 

5218 

5*^3 

5027 i 

493 * 

4835 

4739 

4643 

4547 

445 * 

5206 

5109 

50*3 1 

49*7 

4821 

4725 

4629 

4533 

4436 

5^93 

5096 

5000 ! 

4903 

4807 

47 ** 

4614 

45*8 

4421 

5180 

5083 

4986 j 

4890 

4793 

4696 

4600 

4503 

4406 

5167 

5070 

4973 

4876 

4779 

4682 

4585 

4488 

439 * 

5^54 

5057 

4960 

4862 

4765 

4668 

457 * 

4474 

4376 


5044 

4^746 

4849 

475 * 

4654 

4556 

4459 1 

4361 

5128 

5031 

4933 

4835 

4738 

4640 

4542 

4444 ; 

4347 

5116 

<;oi8 

4920 

4822 

4724 

4626 

4528 

4430 

4332 

5103 

5005 

14907 

,4809 

47*0 

4612 

45*4 

44*6 

43*8 

5091 

4992 

14894 

4795 

4697 

1 4598 

4500 

4402 

4303 

5078 

4979 

1 4881 

14782 

I4683 

14585 1 

4486 

4387 

I4289 


V of Corr. for '' of Par. suh. 

Par. ’TTTi^rTrrTrrTTrrTT: 




6" 

3 


8 

*7 

*9 

22 

3* 

34 

36 

45 

48 

50 

59 

62 

65 

73 

76 

79 

3 

6 

8 

*7 

20 

23 

3* 

34 

37 

46 

49 

5* 

60 

63 

66 

75 

78 

81 

3 

6 

9 

*7 

20 

23 

32 

35 

38 

47 

49 

52 

61 

64 

67 

76 

79 

82 

3 

6 

9 

18 

21 

24 

32 

35 

38 

47 

50 

53 

63 

65 

68 

2l. 

81 

84 

3* 

6 

9 

18 

21 

24 

33 

36 

39 

48 

5* 

54 

64 

67 

70 

79 

82 

ii- 

3 

6 

9 

18 

21 

24 

34 

37 

40 

49 

52 

55 

65 

68 

7* 

80 

83 

-?Z 

3 

6 

9 

*9 

22 

25 

34 

37 

40 

50 

53 

56 

66 

69 

72 

82 

85 

88 

3 

6 

9 

*9 

22 

25 

35 

38 

4* 

5* 

54 

56 

66 

70 

73 

83 

86 

89 

3 

6 

10 

*9 

22 

26 

35 

39 

42 

52 

55 

58 

67 

7* 

74 

84 

87 

90 

3 

6 

10 

*9 

23 

26 

36 

39 

42 

52 

56 

59 

69 

i 72 

; 75 

85 

1891 

1 92 


11 14 sub. 

ZS 28 

39 4a H.P. 

53 56 63' 

68 71 

5L_?iL 

II 14 I 1 
26 28 2 3 

40 43 3 4 

54 57 4 6 

69 72 5 7 

83 86 6 8 


15 

31 

V H-l*- 
tl «j 


48 3 5 

64 4 6 

80 6 8 

96 fi 10 
16 7 II 
32 « 13 
48 Ol 141 

65 

81 I 


A Ait. 5® 6® 7° 8° 14° 25° 34° 42° 
sub. 17 13 II 9 7 9 If 


61° 64° 00° 

JC J7 18 


StMr\s Alt. 6° 6° 
suh. 15 IT 


’ «° 9° 1 1 

7 5 4 


O JO-. J.J0 

3 * 
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859 


9 99 9 99 S 

5065 4966 
5053 4954- 
5040 4941 t . 
5028 4928 I 
5016 4916 I 
5003 4903 . 
4991 4891 
4979 4878 
4967 4866 
4954 4853 
4942 4841 
4930 4829 
4918 4816 
4906 4804 
4894 4792 
4882 4780 
4871 4768 

4859 4756 

4847 4744 

4835 473^ 

4824 4720 
4812 4708 
4800 4697 

4789 46 8s 

4777 4673 
4766 4661 
4755 4650 
4743 4638 
4732 4627 
4721 4615 


4709 4604 
4698 4593 
4687 4581 
4676 4570 
4665 4559 
4<>54 4548 

4643 4536 

4632 4525 
4622 4514 
4611 4503 
4600 4492 
4389 4481 
>578 4470 
4563 4460 
4558 4449 
4547 4439 
4537 44^8 
45^6 4 417 

4516 4407 
4506 4396 
4496 4386 
4485 4375 
4475 4365 
4465 4355 


9 99 9 99 9 99 
4769 4670 4571 

4755 4656 455y’>' 

4742 4643 4544 
4729 4630 4530 
4716 4616 4516 
4703 4603 4503 
4690 4590 4489 
4677 4577 4476 
4664 4564 4463 
4651 4550 4449 
4639 4537 4436 
4626 4^24 4423 
4613 4511 4410 
4600 4499 4397 
4588 4486 4384 

4575 4473 437i 
4563 4460 4358 
45^0 4448 4345 

4538 4435 4332 
4526 4422 4319 
4513 4410 4306 
4501 4397 42-941 
4489 4385 4281 
4476 4372 ) 4268 
4464 4360 4255 
4452 4348 4243 
4440 4336 4231 
4428 4324 4219 
4417 4311 4206 
4405 4299 4194 


4393 4287 4182 
4381 4275 4170 
4369 4263 4157 
4358 4251 4145 
4346 4240 4133 
4334 4228 4121 

> 4323 4216 4109 
I 4311 4204 4097 
r 4300 4192 4085 
) 4288 41S1 4073 
; 4277 4169 4062 
\ 4266 I 41 58 4o<;o 
i 4254 4146 4038 

4^43 4*35 4017 
; 4232 4124 4015 

> 4221 4112 4004 
I 4210 4101 3992 
! 4*99 4090 3981 
f 4188 j 4079 3969 
' 4177 4068 3958 

> 4166 4057 3947 
'} 4156 4046 3936 

; 4145 4035 39^5 


9‘99 9*99 9’99 
4472 4373 4274 
4458 4359 4260 
4444 4345 4^4^ 
4430 4331 4231 

44*7 43*7 4^*7 

4403 4303 4^03 

4389 4289 4188 
4376 4275 4174 
4362 4261 4160 


4247 

4146 

4234 

4*33 

4220 

4**9 

4206 

4105 

4*93 

409* 

4*79 

4077 

4166 

4064 

4*53 

4050 

4*39 

4036 

4126 

4023 

4**3 

4009 

4099 

3996 

4086 

3983 

4073 

3969 

4060 

3956 

4047 

394^ 

4034 

3930 

4021 

39*7 

4009 

3904 

3996 

3891 

3983 

3878 

397* 

3865 

3958 

3852 

3946 

3840 

3933 

3827 

3920 

3814 

3908 

3801 

3895 

3788 

3883 

3776 

387* 

3763 

3858 

375* 

3846 

3739 

3834 

i 3726 

3822 

37*4 

3810 

3702 

3798 

3690 

3786 

3678 

3774 

3666 

3763 

' 3654 


3969 

3860 

375* 

3642 

3958 

3849 

3739 

363c 

3947 

3837 

37*8 

3618 

3936 

3826 

3716 

3606 

39^5 

3815 

3705 

13595 

39*4 

3803 

3693 

1 3‘;83 


23414*2 

224 411 
213 1 410 

1 

4 

4 

3 

0 * 3 * 3 
002 3 
992 1 3 

903 35 
S92 3y 
881 3^ 

92 36b 
r8i I 367< 

» 7 o 1 365 < 

.203 1 409 

2 

3 

981 ! 7 

8 - 0 ' 3 - 

^59 1 3^*4 

.193 408 

2 

3 

970 1 3 

859 ( 3 : 

-48 1 363 

.182 ! 4071 

J 

\ At 

: 

3 jiTkO r. 

848 1 V 
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4113 4000 
4103 3990 
4093 3980 
4084 3970 
4074 3961 
4064 3951 


4055 3941 

4^45 3931 

4036 3922 
4027 3912 
4017 3903 
4008 3893 

3999 35*84' 

3989 3875 

3980 3865 
3971 3856 
3962 3847 
3953 3838 


3944 3828 
3935 3820 
39^7 3811 
3918 3802 
3909 3793 
3901 3784 


3892 3776 
3884 3767 

3875 3758 

-3867 3750 

3858 3741 

3850 3733 


384* 37^4 
3833 3716 
3825 3708 
3817 3699 
3809 3691 
3801 3683 


3793 3675 
3785 3667 
3778 3659 

3770 3651 
3762 3643 
3755 363s 


3747 3628 
3739 3620 
3732 3613 
3725 3605 

3717 3598 

3710 3590 


3887 3775 
3877 3764 

3867 3754 
3857 3744 
3847 3734 

3837 3724 


3827 3714 
3818 3704 
3808 3694 
3798 3684 
3789 3674 
3779 3664 
3769 36551 
3760 36451 

3750 3635 

3741 3626 
3732 3616 
3722 3607 


3713 3597 
3704 3588 
3695 3579 
3686 3570 
3677 3561 
3668 3551 


3659 354^ 
3650 3533* 
,3641 3524 

3633 3516 

3624 3507 
3615 3498 


3606 3489 
3598 3480 
3590 3472 
3581 3463 

3573 3455 
3565 3446 


13550 3438 

3548 3430 

3540 3422 

353a 3414 

3524 3405 

3516 3397 


3508 3389 
3501 3381 

3493 3373 
3485 3366 
3478 3358 
3470 3350 


3673 3560 


3662 3549 
365* 3539 
3641 3528 
3631 3518 
3621 3507 
3610 3497 


3600 3486 
3590 3476 
3580 3466 

3570 3456 

3560 3446 
3550 3435 
3540 3425 

3530 3415 

3520 3405 
35” 3395 
3501 3386 

3491 3376 


3481 3366 
3472 3356 
3463 3347 
3454 3337 
3444 33^8 
3435 3318 


3426 3309 
3417 3300 
3407 3291 
3398 3281 
3389 3272 
3380 3263 


337* 3^54 
3363 3245 
3354 3236 
3345 3*27 
3337 3**9 
3328 3210 


3320 3201 

33** 3*93 
3303 3184 

3*95 3*76 
3286 3167 
3278 3159 


3270 3150 
3262 3142 

3*54 3*34 
3246 3126 
3238 3118 
3230 3110 




*9 

*3 

27 

3* 

35 

39 

39 

4* 

46 

50 

54 

58 

58 

62 

66 

70 

73 

77 

77 

8 j 

85 

89 

93 

97 

97 

lOI 

105 

109 

**3 

116 






















I ABLE 73 


8(51 


THE LOGARITHMIC DIFFERENCE 
(Barometer^ 30 inches. Fahrenheit's Thermometer, 50°.) 



Horizontal Parallax. 



q-99 

9*99 

9*99 

9*99 

9-99 

9*99 

9*99 

9*99 

9*99 

3902 

3781 

3660 

3539 

3418 

3a98 

3177 

3056 

a935 

3895 

3774 

3653 

353a 

3411 

3290 

^169 

3049 

2928 

3889 

3768 

3647 

3526 

3404 

3a83 

7162 

3041 

2920 

3882 

3761 

3640 

3519 

3398 

3276 

3155 

3034 

2913 

3876 

3755 

3633 

351a 

3391 

3269 

3148 

3027 

2905 

3869 

3748 

3626 

3505 

3384 

3262 

3141 

3019 

2898 


Corr. for of Par. siift. 


24 28 32 36 40 

44 48 52 56 61 

65 69 73 77 81 

85 89 93 97 lOI 


0 

4 

8 

12 

16 

20 

20 

24 

28 

32 

37 

41 

41 

45 

49 

53 

57 

61 

61 

b5 

69 

73 

77 

81 

Si 

85 

89 

93 

98 

102 

102 

106 

no 

1 14 

1 18 

122 

0 

4 

8 

12 

16 

20 

20 

24 

29 

33 

37 

41 

41 

45 

49 

53 

57 

61 

61 

65 

69 

74 

78 

82 

82 

86 

90 

94 

98 

102 

102 

106 

III 

115 

119 

123 


4 8 12' i6j zo 

25 29 33 37 41 

45 49 53 57 62 

66 70 74 78 82 


3757 3634 3510 33i^7 
3752 3629 3505 3381 
3747 3623 3500 3376 
3742 3618 3494 3370 
3737 3613 3489 3365 
3731 3607 3483 3359 


3726 3602 3478 3354 
3721 3597 3473 3349 
3716 3592 3468 3343 
3712 3587 3463 3338 

3707 3582 3458 3333 

' 3702 3577 3453 3 328 

3697 3572 3448 3323 

3692 3568 3443 3318 

3688 3563 3438 3313 

3683 3558 3433 3308 

' 3679 3554 3429 3304 

3674 3 549 3424 3299 

3670 3544 3419 3294 

3665 3540 3415 3289 

3661 3^36 3410 328<; 

3657 3531 3406 3281 

3^53 35^7 3402 3276 

3648 3523 3397 3272 

3644 3519" 3393 3267 

3640 35i«; 3389 3263 

3636 3511 3385 3259 

3633 3507 3381 3255 

3629 3403 3377 3251 

3625 3499 3373 3247 

3621 3495 3369 3243 

3617 3491 3365 3239 

3614 3488 3361 3235 

) 3610 3484 3358 3231 

' 3607 3480 3354 3228 

1 1 3603 3477 335 0 3224 

s Alt. 5° 6° 7° 8° 14° 25° 
sub. 17 13 11 9 7 9 


3263 3140 3016 
3258 3134:3010 
3252 3128 3004 
3246 3123 2999 
3241 3117 2993 
3235 3111 2987 


3230 3105 2981 
3224 3100 2976 
3219 3095 2970 
3214 3089 2965 
3209 3084 2960 
3203 3079 2954 
3198 3073 2949 

3193 3068 2944 
3188 3063 2939 
3183 3058 2933 
3178 3053 2928 
3174 3048 2923 
3169 3043 2918 
3164 3039 2914 
3160 3034 2909 
3155 3030 2904 
3151 3025 2899 
3146 3020 2895 
3141 3016 2890 
313713012 2886 
3133)3007 ^881 
3129 3003 2877 
3125 2999 2873 
3121 2995 2868 
3116 2990 2864 
3113 2986 2860 
3109 2982 2856 
3105 2979 2852 
3101 2975 2848 
3097 2971 2844 

34° 42° 61° 6*4° 90° 

II 13 15 17 18 
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THK LOGARITHMIC DIPFBRENCli 
(Barometer, 30 inches. Fahrenheit’s Thermometer, 60 °.) 

3 

App. 

Alt. 

Horizontal Panillax. | 

''of 

Corr. for of Par, sub. 

i< 

( 3 ° 

63 ’ 

64 ' 

55 ' 

56 ' 

57 ’ 

f»8' 

69 ' 

60 ' 

61 ' 

Par. 

0 " 

2" 

r 

6" 

£L 

ir 

O 0 
60 0 
10 
20 
30 
40 
50 

9*99 

3600 

3596 

3593 

3590 

3587 

3584 

9*99 

3473 

3470 

3467 

3463 

3460 

3457 

9*99 

3347 

3343 

3340 

3337 

3333 
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TABLE 74 


1*2553 1*2 
1*2545 1*2 

1*2538 1*2 
1*2531 1*2 
1*2524 1*2 
1*2517 1*2 
1*2510 1*2 
1*2502 1*2 
1*2495 1*2 
1*2488 1*2 
1*2481 1*2 
1*2474 1*2 
1*2467 1*2 
1*2460 1*2 
1*2453 *‘2 
1*2445 1*2 
1*2438 1*2 
1*2431 1*2 
1*2424 1*2 
1*2417 1*2 
1*2410 1*2 
1*2403 1*2 
1*2396 1*1 
1*2389 1*1 
1*2382 1*1 

1*2375 1*1 

1*2368 1*1 
1*2362 1*] 
1*2355 1*3 

1*2348 I*] 


1*2341 1*] 
1*23341*: 
1*2327 1*: 
1*2320 I*] 
1*23*3 I* 

1*2306 I* 
1*2300 I* 

1*2293 1* 

1*2286 I- 
1*2279 I*] 


I *2272! I*] 
1*2266:1*] 
1*2259! I* ] 
1*22521 1*: 
I*2245ll* 
1*2239 I*; 
I*2232|l*] 
1*222511* ! 

1*22 1 8, I* : 



1*0792 1*0512 
1*0787 1*0507 
1*0782 1*0502 
1*0777 1*0498 

i 0773‘f*0493 

1*0768 1*0489 
1*0763 1*0484 
1*0758 1*0480 
1*0753 1*0475 
1*0749 1*0471 
1*0744 1*0467 
1*0739 1*0462 
1*0734 1*0458 
1*0729 1*0453 
1*0725 1*0449 
1*0720 1*0444 
1*0715 1*0440 
1*0710 1*0435 
1*0706 1*0431 
1*070 1 1*0426 
1*0696 1 1*0422 
1*0692 1*0418 
1*0687 1*0413 
1*0682 1*0409 
1*0678 1*0404 
1*0673 1*0400 
i*o668 i'o395 
1*0663 1*0391 
1*0659 1*0387 
1*0654 1*0382 


1*0649 1*0378 
1*0645 ro373 
1*0640 1*0369 
1*0635 1*0365 
1*0631 1*0360 


1*0617 1*0347 
1*0612 1*0343 
i'c6o8 1*0339 


1*0603 1*0334 
1*0598 1*0330 
1*0594 1*0326 
1*0589 1*0321 
' 1*0584 1*0317 
1*0580 1*0313 
1*0575 1*0308 
1*0571 1*0304 
1*0566 1*0300 
1*0562 1*0295 


1*0248 1* 
1*0244 o* 
1*0240 o* 
1*0235 o* 
1*0231 o* 
1*0227 o* 
1*0223 o* 
1*02 18 O* 
1*0214 o* 

1*0210 O* 

1*0206 O* 

1*0202 O* 

1*0197 O* 
1*0193 O* 
1*0189 O* 
1*0185 O* 
i*oi8i o* 
1*0176 O* 
1*0172 o* 
i'oi68 o* 
1*0164 O* 
1*0160 o* 
1*0156 o* 
1*0151 o* 
1*0147 o* 
1*0143 o* 
1*0139 O' 
1*0135 O' 
1*0131 o 
1*0126 o 


1*0122 O' 

i*oii8 O' 
1*0114 O' 
1*0110 O' 
1*0106 o 

1*0102 O 

1*0098 o 
1*0093 o 
1*0089 O 
1*0085 O' 


i*oo8i o' 
1*0077 O' 
1*0073 o 
1*0069 o 
1*0065 o 
1*0061 o 
1*0057 o 
1*0053 o 
1*0049 o 
1*0044 o 


■0000 9765 9542 

9996 9761 9539 

■9992 9758 9535 

■9988 9754 953^ 

•9984 9750 9528 
■9980 9746 9524 
9976 9742 9521 
'9972 9739 9517 
'9968 9735 9514 
'9964 973 > 95^0 
■9960 9727 9506 
•9956 9723 9503 
•9952 9720 9499 
•9948 9716 9496 
‘9944 9712 9492 
•9940 9708 9488 
•9936 9705 9485 
*9932 9701 9481 
•9928 9697 9478 
•9924 9693 9474 
*9920 9690 9471 
*9916 9686 9467 
•9912 9682 9464 
•9908 9678 9460 
*9905 9675 9456 
*9901 9671 9453 
•9897 9667 9449 
•9893 9664 9446 
*9889 9660 9442 
•9885 9556 9439 


•9881 9652 9435 
*9877 9649 9432 
•9873 964s 9428 
*9869 9641 9425 
*9865 9638 9421 
‘9861 9634 9418 
*9858 9630 9414 
*9854 9626 9410 
•9850 9623 9407 
*9846 9619 9404 
*9842 9615 94CO 
'9838 9612 9396 
•9834 9608 9393 
•*9830 9604 9389 
1*9827 9601 9386 
1*9823 9597 9383 
*9819 9593 9379 
•9815 9590 9376 
1*9811 9586 9372 
1*9807 9582 9369 
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TABLE 74 


PROPORTIONAL LOGARITHMS 


sec. 

h III 

h m 



n nil 

h m 

h m 

h m 

h m 

h m 

h m 

h m 

h in 

h n 

sec. 

n 

0°33 

0 ® 34 ' 

0 ° 35 M 

0 "’ 30 ' 

0 ° 37 ' 

0 ° 38 ' 

0 ° 39 ' 

0 ^ 40 ' 

0 ° 41 ' 

0 ® 42 ' 

0 ° 43 ' 

a® 44 ' 

tr 

0 

7368 

7238 

7112 

6qqo 

6871 

6755 

6642 

6532 

6425 

6320 

6218 

6x18 

0 

1 

7365 

7236 

7110 

6988 

6869 

6753 

6640 

6530 

6423 

6318 

6216 

6117 

1 

2 

7363 

7234 

7108 

6986 

6867 

675* 

6638 

6528 

6421 

63*7 

6215 

6115 

2 

3 

7361 

7232 

7106 

6984 

686s 

6749 

6637 

6527 

6420 

63*5 

6213 

6113 

3 

4 

7359 

7229 

7*04 

6982 

6863 

6747 

0 t* 3 S 

6525 

6418 

6313 

6211 

6x12 

4 

3 

7357 

7227 

7102 

6980 

6861 

6745 

6633 

6523 

6416 

6312 

6210 

6110 

5 

6 

7354 

7225 

7100 

6978 

6859 

6743 

6631 

6521 

64*4 

6310 

6208 

6108 

8 

7 

735 * 

7223 

7098 

6976 

68 s 7 

6742 

6629 

6519 

6412 

6308 

6206 

6107 

7 

8 

7350 

7221 

709s 

6974 

68ss 

6740 

6627 

6518 

6411 

6306 

6205 

6105 

8 

9 

734* 

7219 

7093 

6972 

6853 

6738 

6625 

6516 

6409 

6305 

6203 

6103 

9 

10 

7346 

7217 

709* 

6970 

6851 

6736 

6624 

65*4 

6407 

6303 

6201 

6102 

10 

11 

7343 

7215 

7089 

6968 

6849 

6734 

6622 

6512 

6405 

6301 

6200 

6x00 

11 

12 

7341 

7212 

7087 

6966 

6847 

6732 

6620 

6^10 

6404 

6300 

6198 

6oqq 

12 

13 

7339 

7210 

7085 

6964 

6845 

6730 

6618 

6509 

6402 

6298 

6196 

6097 

!3 

14 

7337 

7208 

7083 

6962 

6841 

6728 

6616 

6507 

6400 

6296 

6*94 

6095 

14 

15 

7335 

7206 

7081 
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6094 

15 

18 

7333 
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6839 

6724 

6612 

6503 

6397 

6293 
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6092 
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17 

7330 
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7077 

6956 

6838 

6723 

6611 

6501 

6395 

6291 

6189 

6090 

17 

18 

7328 

7200 

7075 

6954 

6836 

6721 

6609 

6500 

6393 

6289 

6188 

6089 

18 

19 

7326 

7198 

7073 

6952 

683? 

6719 

6607 

6498 

6391 

6288 

6186 

6087 

19 

20 

7324 

7196 

7071 

6950 

6832 

6717 

6605 

6496 

6390 

6286 

6184 

6085 

20 

21 

7322 

7193 

7069 

6948 

6830 

6715 

6603 

6494 

6388 

6284 

6183 

6084 

21 

22 

7320 

7191 

7067 

6 q 4.6 

6S28 

6713 

6601 

6492 

6386 

6282 

6181 

6082 

22 

23 

7317 

7189 

7065 

6944 

6826 

6711 

6600 

6491 

6384 

6281 

6179 

6080 

23 

24 

7315 

7187 

7063 

6 042 

6824 

6709 

6598 

6489 

6383 

6279 

6178 

6079 

24 

25 

7313 

7i8<; 

7061 

6940 

|6822 

6707 

6596 

6487 

6381 

6277 

6176 

6077 

25 

26 * 

7311 

7183 

7059 

6938 

6820 

6706 

6594 

6485 

6379 

6276 

6174 

6076 

26 

27 

7309 

7181 

7057 

6936 

6818 

6704 

6592 

64^4 

6377 

6274 

6173 

6074 

27 

28 

7307 

7179 

7054 

6934 

6816 

6702 

6590 

6482 

6376 

6272 

6171 

6072 

28 

29 

7304 

7177 

7052 

6932 

6814 

6700 

6589 

6480 

6374 

6270 

6169 

6071 

29 

30 

7302 

7175 

7050 1 

6930 

6812 

6698 

6587 

6473 

6372 

6269 

6168 

6069 

30 

31 

7300 

7172 

7048 

6928 

6810 

6696 

6585 

6476 

6370 

6267 

6166 

6067 

31 

32 

7298 

7170 

7046 

6926 

6809 

6694 

6583 

6475 

6369 

6265 

6164 

6066 

32 

33 

7296 

7168 

7044 

6924 

6807 

6692 

6581 

6473 

6367 

6264 

6163 

6064 

33 

34 

7294 

7166 

7042 

6922 

6805 

6691 

6579 

6471 

6365 

6262 

6161 

6063 

34 

35 

7291 

7164 

7040 

6920 

6803 

6689 

6578 

6469 

6363 

6260 

6159 

606 1 

35 

36 

7289 

7162 

7038 

6918 

6801 

6687 

6576 

6467 

6362 

6259 

6158 

6059 

36 

37 

7287 

7160 

7036 

6916 

6799 

6685 

6574 

6466 

6360 

6257 

6156 

6058 

37 

38 

728s 

7158 

7034 

6914 

6797 

6683 

6572 

6464 

6358 

6255 

6154 

6056 

38 

39 

7283 

7156 

7032 

6912 

679s 

6681 

6570 

6462 

6357 

6254 

6*53 

6055 

39 

40 

7281 

7*54 

7030 

6910 

6793 

6679 

6568 

6460 

6355 

6252 

6151 

6053 

40 

41 

7279 

7152 

7028 

6908 

6791 

6677 

6567 

6459 

6353 

6250 

6150 

6051 

41 

42 

7276 

7*49 

7026 

6906 

6789 

6676 

6565 

6457 

6351 

6248 

6148 

6050 

42 

43 

7274 1 

7*47 

7024 

6904 

6787 

6674 

6563 

6455 

6350 

6247 

6146 

6048 

4:1 

44 

7272 

7*45 

7022 

6902 

6785 

6672 

6561 

6453 

6348 

6245 

6*45 

6046 

44 

45 

7270 

7*43 

7020 

6900 

6784 

6670 

6559 

6451 

6346 

6243 

6143 

6045 

45 

46 

7268 

7 * 4 * 

7018 

6898 

6782 

6668 

6557 

6450 

6344 

6242 

6141 

6043 

46 

47 

7266 

7*39 

7016 

6896 

6780 

6666 

6556 

644^ 

6343 

6240 

1 6140 

6042 

47 

48 

7264 

7*37 

70*4 

6894 

6778 

6664 

6554 

6446 

6341 

6238 

6138 

6040 

48 

49 

7261 

7*35 

7012 

6892 

6776 

6662 

6552 

6444 

6339 

6237 

6136 

6038 

49 

60 

7259 

7*33 

7010 

6890 

6774 

6661 

6550 

6443 

6338 

6235 

6*35 

6037 

50 

51 

7257 

7 * 3 * 

7008 

6888 

6772 

6659 

6548 

6441 

6336 

6233 

6*33 

6035 

51 

62 

7255 

7*29 

7006 

6886 

6770; 

6657 

6547 

6439 

6334 

6231 

6131 

6033 

52 

33 

7253 

7126 

7004 

6884 

6768 

6655 

6545 

6437 

6332 

6230 

6130 

6032 

33 

54 

7251 1 

7124 

7002 

6882 

6766 

6653 

6543 

6435 

6331 

6228 

6128 

6030 

54 

55 

7249 

7122 

7000 

6880 

6764 

6651 

6541 

6434 

6329 

6226 

6126 

6029 

55 

66 

7246 

7120 

6998 

6878 

6762 

6649 

6539 

6432 

6327 

6225 

6125 

6027 

56 

67 

7^44 

71 18 

6996 

6877 

6761 

6648 

6538 

6430 

6325, 

6223 

6123 

6025 

57 

58 

7242 

7116 

6994 

6875 

6759 

6646 

6536 

6428 

6324 

6221 

6121 

6024 

58 

39 

7*40 

7**4 

69921 

6873 

67571 

6644 

6534 

6427 

6322 

6220 

6120 

6022 

59 

60 

7238 

7112 

6990 

6871 

6755 

6642 

6532 

,642s 

6320 

6218 

|6ii8j 

6021 

60 
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5957 

5863 

5771 

5680 

559 ^ 

5505 

5421 

5337 

5^56 

5*75 

5097 

50*9 

5955 

5861 

5769 

5679 

559 * 

5504 

54*9 

5336 

5^54 

5*74 

5095 

5018 

5954 

5860 

5768 

5677 

5589 

5503 

54*8 

5335 

5253 

5*73 

5094 

5017 

595a 

5858 

5766 

5676 

5588 

5501 

54*6 

5333 

5 ^ 5 ^ 

5 * 7 * 

5093 

5016 

5950 


5764 

5674 

55 ^^ 

5500 

54*5 

533 ^ 

5^50 

5*70 

5092 

5014 

5949 

5*55 

5763 

5673 

55*5 

5498 

54*4 

533 * 

5249 

5*69 

5090 

50*3 

5947 

5*53 

5761 

5671 

55*3 

5497 

54*2 

53^9 

5248 

5168 

5089 

5012 

5946 

585a 

5760 

5670 

5582 

5495 

54 ** 

5328 

5246 

5166 

5088 

5010 

5944 

5*50 

575 * 

5669 

5580 

5494 

5409 

5326 

5^45 

5*65 

5086 

5009 

594a 

5849 

5757 

5667 

5579 

5493 

5408 

53^5 

5^44 

5*64 

5085 

5008 

5941 

5*47 

5755 

5666 

5577 

549 * 

5407 

53^4 

5242 

5162 

5084 

5007 

5939 

5846 

5754 

5664 

5.576 

5490 

5405 

5322 

5 » 4 * 

5161 

5082 

5005 

5938 

5*44 

575a 

5663 

5575 

5488 

5404 

53 ^* 

5^39 

5160 

5081 

5004 

5936 

584a 

5751 

5661 

5573 

5487 

5402 

53*9 

5238 

5*58 

5080 

5003 

5935 

5841 

5749 

5660 

557 ^ 

5486 

5401 

53*8 

5^37 

5*57 

5079 

5002 

5933 

5*39 

5748 

565* 

5570 

5484 

5400 

53*7 

5^35 

5156 

5077 

5000 

5931 

5 * 3 * 

5746 

5657 

5569 

5483 

5398 

53*5 

5*34 

5*54 

5076 

4999 

5930 

5*36 

5745 

5655 

5567 

5481 

5397 

53*4 

5*33 

5*53 

5075 

4998 

5928 

5*35 

5743 

5654 

5566 

5480 

5395 

53*3 

5 * 3 * 

5 * 5 * 

5073 

4996 

5927 

5*33 

574a 

565a 

5564 

5478 

5394 

53 ** 

5*30 

5*50 

507* 

4995 

59^5 

5 * 3 » 

5740 

5651 

5563 

5477 

53'73 

. 53*0 

5**9 

5*49 

507* 

4994 

1 
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4994 49** 4*44 
4993 49*7 4*43 
4991 4916 4842 
499c 4915 4841 
4989 4913 4839 
4988 4912 4838 
4986 4911 4837 
4985 49*0 4836 
4984 4908 4834 
49^3 4907 4^33 
4981 4906 4832 
4980 4905 4831 
4979 4903 4830 
4977 4902 4828 
4976 4901 4827 
4975 4900 4826 
4974 4898 4825 
4972 4897 4823 
4971 4896 4822 
4970 489s 4821 
4969 4894 4820 
4967 4892 4819 
4966 4891 4817 
4965 4890 4816 

49^4 4889 48*5 

4962 4887 4814 
4961 4886 4812 
4960 4885 4811 
4959 4884 4810 
4957 4882 4809 
4956 4881 4808 
4955 4880 4806 

4953 4879 4805 

4952 4877 4804 
4951 4876 4803 
4950 4875 4801 
4949 4874 4800 
4947 4872 4799 
4946 487 J 4798 
4945 487^^ 4797 

4943 4869 4795 
4942 4868 4794 
4941 4866 4793 
4940 4865 4792 
4938 4864 4791 
4937 4863 4789 
4936 4861 4788 
4935 4860 4787 
4933 4859 4786 
4932 4858 4784 


4931 485614783 

4930 4855 478a 
4928 4854 47S1 

4927 4853 4780 

4926 4852 4778 
4925 4850 4777 
4923 4849 4776 
4922 4848 4775 
4921 4846 4774 
4920 4845 4772 
4918 4844 4771 


4771 4699 ^ 
4770 4698 A 
4769 4697 A 
4768 4696 i 
4766 4694 i 
4765 4693 . 
4764 4692 i 
4763 4691 / 
4762 4690 i 
4760 4689 i 

4759 4688 i 
4758 4686 / 
4757 4685 ^ 
4756 4684 * 
4754 4683 - 
4753 4682 * 
4752 4680 i 
4751 4679 . 
4750 4678 - 
4748 4677 - 


4747 4676 
4746 4675 
4745 4673 
4744 4672 
4742 4671 
4741 4670 
4740 4669 
4739 4668 
4738 4666 
4736 4665 
4735 4664 ' 
4734 4663 
4733 4662 
4732 4660 
4730 4659 
4729 4658 
4728 4657 
4727 4656 
4726 4655 
4724 4653 
4723 4652 
472a 4651 
4721 4650 
4720 4649 
4718 4647 
4717 4646 
4716 4645 
47*5 4644 
4714 4643 

471a 4642 
4711 4640 
4710 4639 
4709 4638 
4708 4637 
4707 4636 

4705 4635 

4704 4633 
4703 4632 
4702 4631 
4701 4630 
4699 4629 


449* 4424 
4490 4422 
4489 4421 

^4488 4420 

*1448^ 44*9 
4485 4418 
4484 4417 
44^' 44*6 
44&2 4415 
4481 44*4 
4480 4412 
4478 4411 
4477 44*0 
4476 4409 
4475 4408 
4474 4407 
4473 4406 
4472 4405 

I 447* 44041 
4469 4402 


* 4468 4401 

i 4467 4400 
4466 4399 

i 4465 4398 
- 4464 4397 
4463 4396 
) 4462 4395 
t 4460 4394 
r 4459 4392 

> 4458 439* 

; 4457 4390 
^ 4456 4389 
; 4455 4388 
i 4454 4387 

> 4453 4386 
) 445* 4385 
\ 4450 4384 
1 4449 4383 
) 4448 4381 

L 4447 4380 
V 4446 4379 
i 4445 4378 

* 4444 4377 
^ 4443 4376 

9 444* 4375 

8 4440 4374 

7 4439 4373 

6 4438 4372 
5 4437 4370 
3 4436 4369 
^ 4435 4368’ 

* 44^4 4367 
D 4432 4366 

9 4431 4365 

8 4430 4364 

7 4429 4363 

5 442S 4362 

1 4427 4361 
3 4426 4359 

2 4425 4358 
I 4424* 4357 


4357 4292 
4356 4291 
4355 4290 
4354 4289 
4353 4288 
4352 4287 
435* 4285 
4350 4284 
4348 4283 
4347 4282 
4346 4281 
4345 4280 
4344 4279 
4343 4278 
4342 4277 
434* 4276 
4340 4275 
4339 4274 

4338 4273 
4336 427* 


4335 4270 
4334 4269 
4333 4268 
4332 4267 
433* 4266 
4330 4265 

4329 4264 

4328 4263 
4327 4262 
4326 4261 
4325 4260 

4323 4259 
4322 4257 

4321 4256 

4320 4255 
43*9 4254 
43*8 4253 
43*7 4252 
43*6 425* 
43*5 4250 


4228 4164 
4227 4163 
4225 4162 
4224 4161 
4223 4160 
4222 4159 
4221 4158 
422« 4157 
4219 4156 
4218 4155 
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I® 10' 1° ir 1° 12' 1® 13' 1® 14' 1® 16' I® 16' I® 17' 1° 18' I® 19' 1® 20' 1® 21' 



3979 3919 
3978 3918 
3977 3^17 
3976 3917 
3975 39*6 
3974 39*5 
3973 39*4 
397Z 3913 
397* 39*a 
3970 3911 


3969 3910 
3968 3909 
3967 3908 
3966 3907 
3965 3906 
3964 3905 
3963 3904 
3962 3903 
3961 3902 
3960 3901 

' 3959 3900 

3958 3899 

3957 3898 
3956 3897 
3955 3896 
3954 3895 
3953 3894 
395^ 3893 
395* 389a 
3950 389* 


3949 3890 
3948 3889 
3947 3888 
3946 3887 

3945 3886 
3944 3885 
3943 3884 
3942 3883 
3941 3882 
3940 3881 


3939 3880 

3938 3879 

3937 3878 

3936 3877 
3935 3876 
3934 3875 
3933 3874 
393^ 3873 
393* 387a 
3930 3871 


3929 3870 
3928 3869 
39^7 3868 
3926 3867 
3925 3866 
3924 3865! 
3923 3864 I 
3922 3863 
3921 3862 
3920 3861 
I 39191 3860 


3860 3802 3745 
3859 3801 3744 
3858^13800 3743 
3857 3799 3742 
3856 3798 3741 
3855 3797 3740 
3855 3796 3739 
3854 3795 3738 
3853 3794 3737 
385a 3793 3736 


385* 3792 3735 

3850 3791 3734 
3849 3791 3733 

3848 3790 373^ 
3847 3789 373 * 
3846 3788 3730 
3845 3787 373^9 
3844 3786 3728 

3843 3785 37^7 
384^ 3784 ^2^ 
384* 3783 3726 

3840 3782 3725 

3839 3781 3724 

3838 3780 3723 
3837 3779 3722 
3836 3778 3721 
3835 3777 3720 
3834 3776 37*9 
3833 3775 37*8 
3832 3774 37*7 


383* 3773 37*6 
3830 3772 3715 
3829 3771 3714 
3828 3770 37*3 
3827 3769 37*2 
3826 3768 371 L 
3825 3768 3710 
3824 3767 3709 
3823 3766 3708 
3822 3765 3708 


3821 3764 3707 
3820 3763 3706 
3820 3762 3705 
3819 3761 3704 

3815 3760 3703 
3817 3759 3702 

3816 3758 3701 
3815 3757 3700 
3814 3756 3699 
3813 3755 3698 


3812 3754 3697 
381* 3753 3696 

3810 3752 3695 
3809 3751 3694 
3808 3750 3693 
3807 3749 3692 
3806 3748 3692 
3805 3747 369* 
3804 3746 3600 
3803 3745 3689 
3802 3?45 3^88 


3688 3632 3576 
3687 3631 3575 
3686 3630 3575 
3685 3629 3574 
3684 3628 3573 
3683 3627 3572 
3682 3626 3571 
3681 3625 3570 
3680 3624 3569 
3679 3623 3568 


3678 3622 3567 
3677 3622 3566 
3677 3621 3565 
3676 3620 356c 
3675 3619 3564 
3674 3618 3563 
3673 3617 3562 
3672 3616 3561 
3671 3615 3560 
3670 3614 3559 
3669 3613 3558 
3668 3612 3557 
3667 3611 3556 
3666 3610 3555 
3665 3610 3555 
3664 3609 3554 
3663 3608 3553 
3663 3607 3552 
3662 3606 3551 
3661 3605 3550 


3660 3604 3549 
3659 3603 3548 
3658 3602 3547 
3657 3601 3546 
3656 3600 3545 
3655 3599 3544 
3654 3598 3544 
3653 3598 3543 
365a 3597 354* 
3651 3596 354* 


3650 3 595 3540 
3649 3594 3539 
3649 3593 3538 
3648 3592 3537 
3647 359* 3536 
3646 3590 3535 
3645 3589 3534 
3644 3588 3533 
3643 3587 3533 
3642 3586 3532 


364* 3586 3531 
3640 3585 3530 
3639 3584 35*9 
3638 3583 35*8 
3637 3582 3527 
3636 3581 3526 
3635 3580 3525 
3635 3579 3525 
3634 3578 35*4 
3633 3577 35*3 
363* 3576 3522 

















870 


TABLE 74 


PROPORTIONAL LOGARITHMS 


sec. 

h n 

h n 

h n 

h n 

h B 

h B 

inn 

h n 

h n 

1 h n 

1 h n 

n h n 

sec. 

// 

1 ° 22 ' 

l °23 

1 ° 24 ' 

1 ° 25 ' 

1°26 

l “27 

1 ° 28 ' 

1 ^ 29 ' 


1*^31 

1°32 

1 ° 33 ' 

/f 

0 

3415 

3362 

3310 

3^59 

3208 

315* 

0 

00 

3059 

3010 

2962 

2915 

2868 

0 

1 

3414 

j 36 i 

3309 

3^58 

3207 

3*57 

3107 

3058 

‘lOOQ 

2961 

2914 

2867 

1 

2 

3413 

3360 

3308 

1 3257 

3206 

3*56 

3«56 

3057 

3009 

2961 

2913 

2866 

2 

3 

3412 

3359 

3307 

3256 

3205 

3*55 

3*05 

3056 

3008 

2960 

2912 

2866 

3 

4 

3411 

3358 

3306 

3^55 

3204 

3*54 

3*05 

3056 

3007 

2959 

2912 

2865 

4 

6 

3410 

335 * 

3306 

3^54 

3203 

3*53 

3104 

3055 

3006 

2958 

2911 

2864 

5 

6 

3409 

3357 

3305 

3253 

3203 

3*53 

3*03 

3054 

3005 

2958 

2910 

2863 

0 

7 

3408 

3356 

3304 

3^53 

3202 

3 * 5 ^ 

3102 

3053 

3005 

2957 

2909 

2862 

7 

8 

3407 

3355 

3303 

3252 

3201 

3 * 5 * 

3101 

3052 

3004 

2955 

2909 

2862 

8 

0 

3407 

3354 

3302 

3^51 

3200 

3*50 

3*01 

3052 

3003 

2955 

2908 

2861 

0 

10 

3406 

3353 

3301 

3250 

3199 

3149 

3100 

305* 

3002 

2954 

2907 

2860 

10 

11 

3405 

335 » 

3300 

3249 

3198 

3148 

3099 

3050 

3001 

2954 

2906 

2859 

11 

12 

3404 

3351 

1 3300 

324S 

319* 

314* 

3098 

3049 

3001 

2953 

2905 

2S59 

12 

13 

3403 

3351 

3^99 

3247 

3*97 

3*47 

3097 

3048 

3000 

2952 

2905 

2858 

13 

N 

3402 

3350 

3298 

3^7 

3196 

3*46 

3097 

3047 

2999 

2951 

2904 

2857 

14 

15 

3401 

3349 

3297 

3246 

3195 

3*45 

3096 

3047 

2998 

2950 

2903 

2856 

\:> 

10 

34 CO 

334 * 

3296 

3 H 5 

3*94 

3*44 

3095 

3046 

2997 

2950 

2902 

2855 

10 

17 

3400 

3347 

329s 

3^44 

3*93 

3*43 

3094 

3045 

2997 

2949 

2901 

2855 

17 

18 

3399 

3346 

3294 

3243 

3*93 

3*43 

3093 

3044 

2996 

2948 

2901 

2854 

18 

10 

339 « 

3345 

3294 

3242 

3*92 

3*42 

3092 

3043 

^995 

2947 

2900 

2853 

10 


3397 

3344 

3^93 

3 ni 

3 * 9 * 

3 * 4 * 

3091 

3043 

2994 

2946 

2899 

2852 

20 

El 

339 <> 

3344 

3292 

3241 

3190 

3*40 

3091 

3042 

»993 

2946 

2898 

2852 


Wfm 

3395 

3343 

3291 

3240 

3189 

3*39 

3090 

304* 

^993 

2945 

2898 

2851 


23 

3394 

334 ^ 

3290 

3^39 

3188 

3138 

3089 

3040 

2992 

2944 

2897 

2850 


24 

.3393 

3341 

3289 

3*3* 

3*88 

3138 

3088 

3039 

2991 

294-3 

2896 

2849 

El 

25 

3393 

3340 

3288 

3^37 

3*87 

3*37 

3087 

3038 

2990 

2942 

2895 

2848 

25 

20 

3392 

3339 

3288 

3236 

3186 

3136 

3087 

3038 

2989 

2942 


2848 

20 

27 

3391 

333* 

3287 

3236 

3«*5 

3*35 

3086 

3037 

2989 

2941 

2894 

2847 

27 

28 

3390 

333* 

3286 

3^35 

3 * 8 ^ 

3*34 

3085 

3036 

2988 

2940 

2893 

2846 

28 

20 

3389 

3337 

3**5 

3234 

3183 

3*33 

3084 

3035 

2987 

2939 

2892 

2845 

Mi 

30 

3388 

3336 

3284 

3^33 

3*83 

3*33 

3083 

3034 

2986 

2939 

2891 

2845 

Em 

jl 

3387 

3335 

3283 

3232 

3182 

3132 

3082 

3034 

2985 

2938 

2890 1 2844 

E9 


3386 

3334 

3282 

3231 

3181 

3 * 3 * 

3082 

3033 

2985 

2937 

2890 

2843 

32 

s 

3386 

3333 

3282 

3231 

3180 

3*30 

3081 

3032 

2984 

2936] 

2889 

2842 

By 

jj 

3385 

3332 

3281 

3230 

3*79 

3*29 

3080 

3031 

2983 

2935; 

2888 

2841 

kJb 

m 

3384 

3331 

3280 

3229 

3178 

3128 

3079 

3030 

2982 

2935! 

2887 

2841 

kQ 


3383 

3331 

3279 

3228 

3*78 

3128 

3078 

3030 

2981 

2934 

2887 

2840 


!/ 

338^ 

3330 

3278 

3227 

3*77 

3127 

3078 

3029 

2981 

2933 

2886 

2839 


IS 

3381 

33^9 

3277 

3226 

3*76 

3*26 

3077 

3028 

2980 

2932 

2885 

2838 


£ 

3380 

3328 

3276 

3225 

3*75 

3*25 

3076 

3027 

2979 

2931 

2884 

2838 


Jj 

3379 

3327 

3276 

3225 

3*74 

3*24 

3075 

3026 

2978 

2931 

2883 

2837 

ml 

M 

3378 

3326 

3^75 

3224 

3*73 

3124; 3074 1 

3026 

2977 

2930 

2883 

2836 

ED 


3378 

33^5 

3274 

3223 

3*73 

3*^3 

3073 

3025 

2977 

2929 

2882 

2835 

42 1 


3377 

3325 

33^73 

3222 

3172 

3122 

3073 

3024 

2976 

2928 

2881 

*835 

43 

J 

3376 

33^4 

3272 

3221 

3 * 7 * 

3*21 

3072 

3023 

2975 

2927 

2880 

2834 


45 

3375 

3323 

3271 

3220 

3*70 

^120 

3071 

3022 

2974 

2927 

2880 

2833 


46 

3374 

3322 

3270 

3219 

3169 

3**9 

3070 

3022 

2973 

2926 

2879 

2832 


47 

3373 

3321 

3270 

3 i ^9 

3168 

3**9 

3069 

3021 

2973 

2925 

2878 

2831 


48 

337 » 

3320 

3269 

3218 

3168 

3*18 

3069 

3020 

2972 

2924 

2877 

2831 


40 

3371 

3322 . 

3268 

3^»7 

3167 

3**7 

3068 

30*9 

2971 

2923 

2876 

2830 


Ei 

3372 

3319 

3267 

3216 

3166 

3116 

3067 

3018 

2970 

2923 

2876 

2829 

50 

61 

3370 

3318 

3266 

3215 

3165 

3**5 

3066 

3018 

2969 

2922 

2875 

2828 

51 

62 

3369 

3317 

3265 

3214 

3*64 

3**4 

3065 

3017 

2969 

2921 

2874 

2828 

52 

53 

3368 

3316 

3264 

3214 

3*63 

3**4 

3064 

3016 

2968 

2920 

2873 

2827 

53 

54 

3367 

3315 

3264 

3213 

3163 

3**3 

3064 

3015 

Z967 

2920 

2873 

2826 

54 

55 

3366 

3314 

3263 

3212 

3162 

3112 

3063 

30*4 

2966 

2919 

2872 

2825 

56 

56 

3365 

3313 

3262 

3211 

3x61 

3111 

3062 

30*3 

2965 

2918 

2871 

2824 

50 

57 

3365 

3313 

3261 

3210 

3160 

3110 

3061 

30*3 

2965 

2917 

2870 

2824 

57 

58 

3364 

3312 

3260 

3209 

3*59 

3109 

3060 

3012 

2964 

2916 

2869 

2823 

58 

59 

3363 

33 ” 

3259 

3109 

315* 

3109 

3060 

3011 

2963 

2916 

2869 

2822 

50 

iai 

1362 

3310 

3^59 

3208 

3 »S* 

3108 

3059 

3010 

2962 

2915 

2868 

282T 

6C 
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PROPORTIONAL LOGARITHMS 


sec. ** inlh m h mh mhmh mh mh mh m^h mh mh m aec- 

// l°34'il°35' l°36' l°3r 1°38^ 1°39' 1°40' l°4r 1°42',1°43' 1° 44' 1°46' jt 


aSai 2775 *73° *^85 2640 2596 2553 2510 2467 2424 2382 2341 

2821 2775 5t72'9 2684 2640 2596 2552 2509 2466 2424 2382 2340 

2820 2774 2728 2683 ai639| 2595 2551 2508 2465 2423 2381 2339 

2819 2773 2728 2683 2638' 2594 2551 2507 2465 2422 2380 2339 

2818 2772 2727 2682 2637 2593 2550 2507 2464 2421 2380 2338 

2818 2772 2726 2681 2637 2593 2549 2506 2463 2421 2379 2337 

2817 2771 2725 2681 2636 2592 2548 2505 2462 2420 2378 2337 

2816 2770 2725 2680 2635 2591 2548 2504 2462 2419 2378 2336 

2815 2769 2724 2679 2634 2590 2547 2504 2461 2419 2377 2335 

2815 2769 2723 2678 2634 2590 2546 2503 2460 2418 2376 2335 

2814 2768 2722 2678 2633 2589 2545 2502 2460 2417 2375 2334 

2813 2767 2722 2677 2632 2588 2545 2502 2459 ^4*7 5^375 2333 

2812 2766 2721 2676 2632 2588 2544 2501 2458 2416 2374 2333 

2811 2766 2720 2675 2631 2587 2543 2500 2457 2415 2373 2332 

2811 2765 2719 2675 2630 2586 2543 2499 2457 2414 2373 2331 

2810 2764 2719 2674 2629 2585 2542 2499 2456 2414 2372 2331 

2809 2763 2718 2673 2629 2585 2541 2498 2455 2413 2371 2330 

2808 2763 2717 2672 2628 2584 2540 2497 2455 2412 2371 2329 

2808 2762 2716 2672 2627 2583 2540 2497 2454 2412 2370 2328 

2807 2761 2716 2671 2626 2582 2539 2496 2453 2411 2369 2328 

2806 2760 2715 2670 2626 2582 2538 2495 2453 2410 2368 2327 20 

2805 2760 2714 2669 2625 2581 2538 2494 2452 2410 2368 2326 21 

2804 2759 2713 2669 2624 2580 2537 2494 2451 2409 2367 2326 22 

2804 2758 2713 2668 2623 2580 2536 2493 *450 2325 23 

2803 2757 2712 2667 2623 2579 2535 2492 2450 2408 2366 2324 24 

2802 2756 2711 2666 2622 2578 2535 2492 2449 2407 2365 2324 25 

2801 2756 2710 2666 2621 2577 2534 2491 2448 2406 2364 2323 26 

2801 2755 2710 2665 2621 2577 2533 2490 2448 2405 2364 2322 27 

2S00 2754 2709 2664 2620 2576 2532 2489 2447 2405 2363 2322 28 

2799 1 ^753 2708 2663 2619 2575 2532 2489 2446 2404 2362 2321 2.0 


2753 2707 
2752 2707 
2751 2706 
2750 2705 
2750 2704 
2749 21704 
2748 2703 
2747 2702 
2747 2701 
2746 2701 
2745 I ^700 
2744 2699 
2744 2698 
2743 2698 
2742 2697 
2741 2696 
2741 2695 
2740 2695 
2739 21694 
2738 2693 


2738 2692 
2737 2692 I 
2736 2691 
2735 2690 
2735 2689 
2734 2689 
2733 2688 
2732 2687 
2731 2686 
2731 2686 
12730,2685 


2320 
2319 
2319 
2318 
2317 34 
2317 35 
2316 36 

2315 37 

23^5 38 
23 14 30 
2313 40 
231.3 41 
2312 42 

2311 43 

2311 44 

2310 45 
2309 46 
2308 
2308 
2307 


2306 50 
2306 51 
2305 52 
2304 53 
2304 54 
2303 55 
2302 56 
2302 57 I 
2301 58 

2300 59 
2300 60 




















TABLE 74 


873 


PROPORTIONAL LOGARITHMS 


834 1797 
833 1797 

833 1796 

832 1795 

831 1795 

831 1794 
830 1794 
S30 1793 
829 1792 
828 1792 j 
828 1791 I 
827 1791 
827 1790 
826 1789 
1825 1789 
[825 1788 
824 1787 
1823 1787 
:823 1786 

t822 1786 
1822 1785 
[821 1785 
:820 1784 
[820 1783 
1819 1783 
1819 1782 
t8i8 I 1781 
1817 1781 
1817 I 1780 


1816 

'779 

1815 

1778 

1814 

1778 

1814 

'777 

1813 

'777 

1812 

1776 

1812 

1 '775 

I8I ] 

1775 


1802 1766 
i8oi 1765 
1801 1765 
1800 1764 
i8oo 1763 
1799 1763 
1798 1762 


761 1725 
760 I 1724 
760 I 1724 

759 I ‘ 7^3 
758 1722 
758 1722 
757 '721 
757 '721 
756 1720 
755 '719 

755 '719 
754 1718 
754 '718 
753 '717 
752 1716 
1752 1716 
751 '7'5 
[751 1715 
[750 1714 
749 '7£3 . 
[-49 1713 

[748 1712 
[748 1712 
747 '711 
[746 1711 
1746 1710 
'745 *709 
'745 1709 
17441 1708 
1743 I 1708 


1743 1707 
1742 1706 
1742 1706 
1741 3705 
1740 1705 
1740 1704 
1739 ^703 
'739 *703 
1738 1702 


1654 1619 1584 
1653 1618 1583 
1652 1^17 15S2 
1652 1617 1582 
1651 1616 1581 

1651 1616 1581 

1650 1615 1580 
1650 1614 1580 
1649 1614 1579 

1648 1613 1578 
1648 1613 1578 
1647 1612 1577 
1647 1612 1577 
1646 1 61 1 1576 
1645 1610 1575 
1645 1610 1575 
1644 1609 1574 
1644 1609 1574 
1643 1608 1573 
1642 1607 1573 
1642 1607 1572 
i«4i 1606 1571 
1641 1606 1571 

1640 1605 1570 
1640 1605 1570 
1639 1604 1569 
1638 1603 1569 
1638 1603 1568 
1637 1602 1567 
1637 1602 1567 


1636 1601 1566 
1635 1600 1566 
1635 1600 1565 ' 
1634 1599 1565 

'634 1599 15 H 

1633 1598 1563 
1633 1598 1563 
1632 1597 1562 
1631 1596 1562 

1631 1596 1561 


515 J481 
514 1480 
514 1479 

5 '3 1479 

512 1478 
512 1478 
SI I 1477 

511 1477 
510 1476 
S'o H 76 
509 H 75 
508 1474 
508 1474 

507 1473 

507 H 73 
506 1472 
506 1472 
505 1471 
1504 1470 
1504 1470 
7 ^ 1469 ' 
[503 1469 
1502 1468 
[502 1468 
1501 1467 
1 500 1466 
1500 1466 
'499 H65 
'499 1465 
1498 1464 


[498 1464 
'497 1463 
1496 1463 
1496 1462 
'495 1461 

1495 1461 
1494 1460 
1494 1460 
1493 1459 
'493 '459 


t4'3 0 

'4'3 1 


[410 5 

[410 6 

[409 7 

'409 8 

[408 9 

1408 10 

1407 1 1 

1407 12 

1406 13 

1405 14 

1405 15 

1404 16 

1404 17 I 

1403 18 I 

1403 19 

1402 20 
1402 21 
1401 22 

1400 23 
1400 24 

1399 25 
1399 26 

1398 27 

1398 28 

1397 29 



'4'9 1336 50 
1418 1385 51 
1418 1384 52 
1417 1384 53 
1417 1383 54 
1416 1383 
1415 1382 
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0317 

0291 

0265 

0240 

0316 

0291 

0265 

0239 

0316 

0290 

0264 

0239 

0316 

0290 

0264 

0238 

03^5 

0289 

0264 

0238 

o 3»5 

0289 

0263 

0238 

0314 

0288 

0263 

0237 

03*4 

0288 

0262 

0237 

0313 

0288 

0262 

0236 

0313 

0287 

0261 

0236 



cco8 

oco8 

0007 

0007 

0006 

0006 

0006 

0005 

0005 

0C04 


0004] 
0004 
0003 
0003 63 
0002 54 

0002 65 
CC02 50 
0001 67 

















INDEX TO THE MARITIME POSmONa 


rhtt ftnt flgures denote the Column in Ttd)le 10. The second figure (in a different character) denotes the let, fid, Sd, or 
4th division of the Column, each column being divided, for the purpose of reference from this Index, Into four equal 
parts by three short strokes. Thus Aalborg will be found in the first division of column (13); Gt. Abacott I. in 
the fourth division of column (126). % 


Lalboko 

12 I 

Agincourt I. . 

74 2 

laotou . 

158 I 

A^o Strati I. 

34 I 

tarhua . 

12 I 

Agllonby Pt. . 

107 4 

Abacott, Qt., 1. 

126 4 

Agnes, St. 

2 a 

Abb’s, St., Hd. 

7 1 

Agnes Monument 1174 

AbbevlUe 

18 a 

Agoada Pt. . 

59 I 

Abbott Mt. . 

99 2 

Agomska I. . 

119 2 

tbd’l Koory • 

60 4 

Agrib Mt. 

52 I 

Aberdeen 

6 3 

Aguada Rf. . 

61 2 

— I. . 

116 4 

Aguadilla 

130 2 

Abervrach . 

19 3 

Aguijan I. 
Aguilas, Port 

172 1 

Aberystwith . 

8 I 

22 3 

Abgarris Is. . 

165 4 

Agqja 0. 

1.35 4 

Abingdon Iv , 

169 3 

— Pt. . 

146 3 

Abo . • 

13 4 

— Pt. . 
Agulhas C. 

148 2 
46 3 

Aboukir . 

38 1 

Ahangatou 

Ahil 

153 2 
1.54 3 

Abreq)o8 Pt. 

148 3 

Ahmar, Ras el 

.53 2 

Abrolbos • 

139 1 

Ahus 

15 1 

Abuja PL • 
Acajutla • 

39 3 

Aignan, St., I. 

167 4 

147 3 

Aigues Mortes 

23 3 

Acapulco • 

147 4 

Aiguillon 

20 2,3 

Acasta Rk. . 

67 I 

Ailly 0. . 

18 2 

Accra 

44 1 

Ailou 

172 3 

Achen Hd. . 

63 3 

Ailsa Craig . 

4 I 

Achil Hd. 

9 2 

Alou Is. 

91 I 

Aconcagua . 

144 3 

— Baba 

91 I 

Acorn Rk. 

47 3 

Aird HUl 

92 I 

Acre 

37 4 

— Pt. . 

4 4 

Act»on Is. • 

154 3 

Ais I. . 

51 I 

— Rf. . 

96 4 

A1t6dor . 

34 4 

Adagh 1. 

162 3 

Aitutakl . 

]58 I 

Adair 0. 

117 4 

Alx I. . 

20 3 

Adaiia . 

37 2 

Ajaccio . 

25 3 

Adam's I. 

156 3 

Ajo 0. . 

Akabah . 
Akaroa Harb. 

21 1 

*-* Pk. . 

69 4 

52 2 
107 2 

Addington C. 

151 2 

Akehaina 

1.53 2 

— Shi. 

82 3 

Akerman 

34 3 

Addoo Atoll. . 

56 2 

Akhi61o 

34 2 

Adelaide I. . 

149 1 

AUeblB. 

112 4 

— Islet 

4<. 3 

Akoun 1. 

162 2 

■— Port 

944 

Akpatok I. 

118 2 

Adole I. 

Akyab Harb. 

60 4 

Australis . 

105 3 

Alabat I. 

77 4 

Lousiade 

167 X 

Alacranes 

133 3 

New Zealand 107 4 

Alaid I. . . 

113 3 

Adelie Land . 

142 I 

Alamaguan I. 

172 2 

Adelphi Is. . 

33 3 

Alang Pt. 

89 I 

Aden 

53 t 

Alargate Rf. . 

134 3 

Adenara 

87 1 

Alaya 

37 2 

Adi Pulo 

91 4 

Alban's, St., Hd 

. 1 4 

Admiralty G. 

104 4 

Albania . 

30 3 

Admiralty I. 

Albany, Fort 

119 2 

NovaZemlia 17 ^ 

— Port 

100 3 

8. Pacific 

167 1 

— Gt., Is. 

. 100 3 

Adolphus I. . 

104 3 

Albatross I. 

— Mt. 

100 3 

Cargados . 

574 

Adra 

22 3 

V.Dieraan’sL.97 3 
Albatross Pt. 109 3 

Adramitti • 

35 3 

Albi^ Vole. . 

78 2 

Adriatic 

28 4 

Albemarle I. . 

169 3 

Adventure I. 

156 X 

— Rk. 

142 2 

— Port 107 1 

Albert C. 

117 4 

Africa . 

42 2 

— Rf. . 

166 4 

— Rk. . 

26 2 

A1 Blban 

38 3 

African la. • 

66 3 

Albona . 

29 3 

Agadir . . 

43 2 

Alboran I. 

39 4 

Agalegas I. . 

66 4 

Albuquerq. Cays 134 4 

Agamenticus . 

123 4 

Alcatrasses Is. 

139 3 

Aganls . 

69 4 

Alcatraz Rfs. . 

43 1 

Agatton . 

162 3 

Aloestel 


Agdelft&Harb. 23 3 

Yellow Sea 

110 3 


Alceste Rk. . 

65 3 

Ambrose, St., I. 154 1 

Aldabra Is. 

49 4 

Ambrym I. . 

163 4 

Aldborough . 

8 I 

Ameland 

11 3 

Alderman Is. . 

108 3 

Amelia I. 

126 2 

Alderney 1. . 

18 4 

Ameni . 

55 2 

Alcgranza 

40 I 

Amherst 

61 2 

Aleixo, St., I. . 

138 3 

— I. . 

121 4 

Alemparva 

60 1 

— Rks. 

74 1 

Alert Rf. 

— Shi. . 

102 4 

101 4 

Amlia I. 

152 2 

AlessandrotS.,!. 171 3 

Amorgo I. 

33 I 

Alet I. . 

174 2 

Amorgo Poulo I, 

. 32 4 

Aleutian Is. . 

151 1 

Amoughta I. . 

152 2 

Alexander C. 
Baifin’s B. 

116 1 

Amour R. 

114 I 

N. America 

117 I 

Amoy 

72 2 

Solomon Is. 

165 2 

Amphinomeshl8.106 i 

Alexander I. . 

142 I 

Arnpbitrite Is. 

71 2 

— Mt. 

103 2 

Amsterdam . 

11 2 

— Port 

45 4 

Amsterdam, Port 

— Shi. 

68 4 

Dutch Guiana 137 a 

Alexandretta . 

37 3 

Venezuela 

136 2 

Alexandria 

38 2 

Amsterdam I. 


Alfaques, Port 

23 1 

Dampier Str. 

91 3 

Algarruba Pt. 

144 3 

Indian Ocean 

58 2 

Algeciras 

22 2 

Amtschitka 1. 

152 3 

Alghero . 

25 1 

Anaa 

155 I 

Algiers . 

39 3 

.^Imalaboo 

63 3 

Algua B. . 
Alicante . 

46 4 

Anambas . 

67 2 

22 4 

Anamour 0. . 

87 2 

Alicats . 

27 3 

Auanes Rks. . 

82 3 

Alice Pt. 

28 3 

Anapa . • 

85 1 

Alicudi I. 

27 2 

Anapbi I. • 

32 4 

Alijos Rks. 

170 I 1 

Anastasia I. . 

126 3 

Alipata Pt. . 

79 1 

Anataxan I. . 

172 I 

Alkmoar 

11 2 

Anchor Cay , 

102 z 

Allen Young Ft. 116 2 

— Pt. . 

161 4 

Allerton 

97 3 

Anchoras Is. . 

139 I 

Alligator Rf. . 

129 I 

Anchorites . 

167 z 

— Rk. . 

72 4 

Ancona . 

29 z 

— S.,Riv.l04 I 

Almadics Rks. 42 4 

Ancutta 

65 2 

Almeris 

22 3 

Andamans 

62 4 

Alinirante Is. . 

56 3 

Andema Is. . 

173 3 

Almufedas 

138 2 

Andde 

16 3 

Alofa . 169 1,4 

Andrava B 

49 I 

Aloupo C. 

37 I 

Andre, St. 

78 3 

Alphonse I. . 

56 3 

Andrea C. 

38 I 

Alpreck Pt. . 

18 2 

— St. . 

30 1 

Alta Vela 

130 I 

Andrew, St. C. 

48 3 

Althorpe Is. . 

94 4 

— Is. 

176 I 

Altona 

11 4 

Andrew's, St. 

123 2 

Alvarado 

133 I 

— . B. , 

132 2 

Amak I. . 

152 4 

— I. . 

134 4 

Amakirrima Is. 

110 I 

— Snd. 

126 2 

Ainanu . 

153 4 

Andros I. 


Amargura I. . 

160 I 1 

Bahamas 

127 2 

— p. 377, 1. 33 

Grecian Arc 

. 33 2 

Amastro 
Amatigneh I. . 

36 2 
152 3 

Anegada 

130 4 

Amazon R. . 

137 4 

Angau I. 

161 2 

Arnbas B. 

44 3 

Angeles Pt. . 

144 3 

Ambatiki I. . 

161 2 

Angelica Rf. . 

86 3 

Ambclie, Low, I. 

83 3 

Angelo, St. . 

28 4 

Amber C. & Mt 

. 49 1 

— 0 . 

32 1 

Ambergris 1. . 

133 4 

— Mt. 

27 I 

Amblaw 1. 

88 4 

Angenweel Uarb. 59 1 

Amboina I. . 

89 I 

Angour 1. 

175 1 

Ambolon 1 . . 

76 2 

Angoza Is. 

47 4 

Ambong B. . 

76 I 

Angra 

404 

Amboroo Bk. . 

42 4 

Angra Pequena 

46 I 

Amboyna Cay 

68 4 

Angria Bk. 

59 1 

Ambriz . 

46 3 

Anguilla I. • 

lao 4 


Anguilla Is. • 

128 

Anhatomirlm 

189 

Anholt 1. • 

11 

Aniva C. . 

114 

Anjediva I. « 

69 

Anjenga 

59 

Anjer . . 

64 

Anjul C. . 

Ann C. 

85 

Mass. U.S. 

124 

New Britain 166 

Ann C. Harb. 

124 

Ann, St. C. . 

43 

— Is. . 

139 

— Shis. 

43 

Ann’s, St. B. . 

129 

— Harb. 

122 

— Lts. 

3 

Anna, Pulo . 
Anna, St. I. 

176 

Brazil . 

138 

Solomon Is. 

164 

Anna, Sta. 

44 

— de Chaves 44 

Annamoaka 1. 

159 

Annan . . 

4 

Annapolis 

125 

— Harb. 123 

Anne, St. B. . 

166 

— I. . 

57 

~ Mts. 

121 

Annenkov I. . 

141 

Annis Squam . 

124 

Annobona 

44 

Ano Nuevo Pt. 

149 

Anouda . 

Anson B. 

162 

Ladrones 

172 

Antarctic Ocean 142 

Antibes 

24 

Anticosti I. . 

121 

Antigua . 

131 

Antiniilo . 

32 

Antioch . 

37 

Antioco, St., I. 

25 

Antiparos 

33 

Antipaxo I. . 

30 

Antipsara 

35 

Antivari 

30 

Antonio C. 

22 

— Port 

129 

— St. . 

41 

— St., B. 
Antonio, St. C. 

44 

Brazil 

138 

Buenos Ayr. 140 : 

Cuba 

128 

Antonio,. St., Mt. 

41 

— Rf. 

47 


Antonio, St. Port 
Iriza . 24 


Patagonia 140 
Antony, St. Mt 58 
Antwerp . 11 

Anvil . . 130 

Anu Anuraro . 106 
Anzo, Port . 36 

Aor, Pulo . 66 

Aotia . 109 
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Aour . . ,4 Arnheim C. . 103 x Aurora 1. ' BaM Hd. 

Apamama . 163 % Am5 . . 16 3 LowArchip. 155 } I Australia. 98 a 

Aparrl . . 77 I Arno R. . . 26 1 New Hebrides 164 i! Maine, U.S. 128 4 

Apataki . . 165 3 Arnold I. . 100 3 Auskery 1. . 53 ! Raid Hd. 1. . 126 i 

Apee 1. . . 163 4 Arrabida Fort 22 i Australia 92 a . Baleine Bk. . 106 1 

Ape Hill . 74 1 Arran Is. . 9i,3 — Rf. . lOl } — Shi. . 57 4 

Apenrade . 12 f Arrar, Ras 53 1 Austratlnd . 03 I Raleira . 39 4 

Apia . . 162 3 Arroa, S. . 62 1 Aux Cayes . 129 4 Balintang Is. . 77 1 

— Harb. . 168 3 Arrogant Rk. 85 3 Avarena Pfc . 130 i Ball’s Pyramid 101 1 

Apolima 1. . 158 4 Arrowsmith Is. 172 4 Avatcha B. . 114 z - Rks. . 101 4 

Apollonia . 43 4 Arm Is. . 88 i Avetro . . 21 3 Ballard 

App Shi. . 75 4 Arthur I. . 157 3 Avordi, L., C. 163 3 — Pt. . 9 i 

Aproaak R. . 137 3 -- Islet . 173 z Aves I. . . 131 3 Ballena Pt. . 14.3 i 

Arab’s Tower 38 z — Mt. . 97 1 — Is. . ^ 136 z Balleny Is. . 142 f 

Arahat . . 33 i — Port . 96 4 AvinoffC. . 152 4 Ballina . . 9 z 

Arabia . . 63 i Arubah C. . 55 l Avlona . . 30 3 Ballones C. . 49 z 

Aracan . . 60 4 Arutua . . 155 3 Avola . . 27 3 Bally 1. . . 85 4 

Aracati . . 138 z Arvoredo I. . 139 4 Aron Is. . . 101 4 Ballyshannon . 9 z 

Arahi Pt. . 109 z Arzeneh . . 54 1 Avova C. . 37 z Balta I. . . 54 

Aralsh . . 42 i Arzeu . . 39 3 Axim . . 43 4 Baltimore 

Arakamchechenli4 4 Asaua Grp. . 161 3 Ireland . 10 4 

Arakcheyeffl. 154 z Ascalon . . 37 4 Awakalo . 161 4 Maryland, U.S. 126 3 

Aransas Pass 132 4 Ascension B. . 133 4 Awath, Ras 50 4 Hampton Shi. lOl 4 

Aratica . . 15.5 z Ascension I. Ayas . . 37 3 Bancawang 80 4 

Arauco . . 144 3 Caroline Is. 173 3 Hana, Pt. 23 f 

Arbroath .63 8 . Atlantic 45 i Ayr . . 4 i , Bananas Is. . 43 z 

Ashmore Shi. 105 4 Ayre I. . . 24 4 Banca 

Areas . . 133 3 Ashrafi Is. . 52 1 Azafoun Mt. . 39 z Celebes . 83 z 

Aro6 1. . . 140 4 Asia Is. . . 91 i Azamor . . 42 z Ind. Arch. 65 1 

Archangel . 17 1 — Lt. . . 35 z Azata . . 160 4 Bancawan I. . 75 z 

— 1. . 155 3 — Rk.. . 145 4 Azores . . 40 4 Bancoran . 80 4 

Arch. Gabriel B. 114 3 — Minor . 35 3 Azov . . 35 i Bancoot R. . 69 i 

Arcned Rk. . 46 i Asinara I. . 25 i Bancowan . 81 2 

ArchimedesBk. 140 1 Askold I. . 113 3 Baagoe . . 12 1 Banculin Pt. . 79 4 

Archipelago . 32 3 Aspo Beac. . 13 3 Baba . . 88 1 Banda Is. . 88 3 

ArcuentoMt. . 25 1 — I. . . 16 1 Baba C. . . 35 z, 3 — Sea . 87 3 

Arctic regions 116 Asseateague I. 125 3 Babel Is. . 96 i Banditte I. . 85 4 

Ardasier Shi. 69 z Assens . . 12 i Bab el Mandeb 52 4 Bnndol . . 23 4 

Ardasaier Islet 89 4 Asses’ Ears Babi I. . . 87 3 Bandoras B. . 148 1 

Arden I. . 102 3 China . 71 3 Babi Pulo Banff . . 6 z 

Ardglass . 10 i Japan 111 3 Amis. . 88 z 

Ar^funo Mt. . 85 i Persian Gulf 54 z Java . 84 z Banglores . 86 3 

Ardrossan . 4 z Assini R. . 43 4 Sumatra . 63 4 Banguey I. 

Arecife . . 40 z Assumption I. Borneo, N.E. 81 Z 

Areeifosls. . 173 z Ladrones 172 z Babor Mt. . .39 z Borneo, N.W. 75 i 

AreembaHd. . 48 1 Mozambique 49 4 Babuyanes Is. 77 z Banham Is. . 173 f 

Astola 1. . , 55 1 Babuyan, New 77 z Baniak 1. 63 4 

Arena Pt. Astova . . 60 i . Banlstre Cays 129 z 

California 148 3 Astrolabe G. . 164 4 Back Pt. . 117 i Banjar Massin 82 I 

Peru . 145 Z — Creek 165 i Back River Pt. 125 4 Banjoau . . 87 3 

Arenas Cay . 133 3 — I. . 141 4 Bacon’s Is. . 160 3 

Arenas Pt. — Rf. . 161 4 Badagry . 44 z Bankok . . 68 i 

Guatemala 135 1 — Rfs. 163 l Badgley Pt. . 48 1 Banks C. • 9.5 i 

— Road 107 z — I. . 102 4 

NowGrenada 136 i — Rk. Ill 3 Baffin I. . . 118 4 — Is. 164 z 

Arendal . . 15 3 Asuad. Ras al Baffin’s B. & la. 11.5 4 — Land . 116 z 

Arensberg . 12 4 Barbary . 38 4 Bagamango 1. 76 1 — Peninsulal07 z 

Arentes . . 85 3 E. Afr. . 50 4 — Pt. . 161 4 

Arequipa . 145 3 Asuncion I. . 148 3 Bagnan I. . 81 3 — SirJ.,Grp.94 4 

Arfak Mts. . 169 i Atacames . 146 4 Bahama I. . 126 4 Banna, Has . 50 4 

Argent Mt. . 137 3 Atalaia Pt. . 137 4 — Gt.,Bk.l26 4 Bantam . . 84 z 

Argentario Mt. 26 z Atangota I. . 159 i Bahia . . 138 4 Banton I. . 78 3 

Argentera C. . 25 i Atcha . . 152 z Bahia Blanca . 140 z Bantoncillol. . 78 4 

Argentiera I. . 32 3 Aterra C. . 31 l Bahia Honda Bantry . . 83 

Argentine, Fort J40 z Athens . . 32 z Cuba . . 12 H z 

Argostoli, Port 31 1 Athos . . 33 4 Guatemala 147 z Barbados I. . 131 4 

Arguello Pt. . 149 1 Atlantic I. . 173 z New Grenada 136 i Barbara, St. . 140 i 

Argum Bk. . 42 3 — S. . 45 1 Bahreynl. . .54 i — 8 ta.,T. 149 i 

Arholma . 14 3 Atooi I. . . 170 4 Baia . . 26 4 — Port 143 4 

Arl Atoll . .56 i Atrevlda . 148 i Bailey I. . . 99 z Barbarie Pt. . 42 4 

Ariadne Rk. . 156 z Attou . . 152 4 — Is. . 171 3 Barbas C. . 42 3 

— Rks. 74 I Attwick Rk. . 65 4 Ba'illque I. . 137 4 Barbe, St. . 66 4 

Ariaga I. . 90 4 Attwood’s Cay 127 3 Bajo Gallardo. 130 z 

Arica . . 145 z Auckland Bajo Navidad 127 4 Barbuda . 131 I 

AridC. . .934 China Sea 70 1 BajoliC. . . 244 Barbukit Hill 623 

Aride I. . • .57 I New Zealand 108 4 Bakari Ft. . 31 z Barburet 1. . 134 z 

Ariel Rf. . 108 z Auckland Is. . 1.53 3 Baker Pt. . 1.50 i Barcelona . 23 z 

Arimuals. . 168 t Audierne . 19 4 — I. . 170 z Barclay C. . 115 3 

Arish, El . 374 Auflaka . . 34 i Baker’s I. — de Tolly 1. 164 4 

Aristazabal C. 140 4 Augusta, Port 27 ? Maine, U.S. 123 z Bard Hd. . 6 4 

Arki . '. 36 I Augustin, St., B. 48 3 Mass.. U.S. 124 i Bardia, Pulo . 67 4 

Arklow . . 10 z Augustin, St., C. Balabac I. . 75 z Bardsey 1. . 3 z 

Arkona . . 12 3 Brazil . 138 3 Balabalok . 91 z Bareedy C. . 52 z 

Arlagnuk . 118 3 Philippine.s 80 1 Barellah, Pulo 66 Z 

Annegon Hill 60 z Augustin, St ,11. 126 z Balade Harb. . i<'>3 z i Harfieur C. . 18 4 

Anni, C. del L — I. 159 z — p. .378, 1. 6 . Bari . . 28 4 

G. of Genoa 24 z — M. 151 4 Balagonan Pt. ho z | Barima Pt. . 137 i 

Naples . 28 z Augustus I. . 105 i Balambangan 1. 75 1 ! Baring Is. . 173 i 

Armiansk . 34 4 . — Mt. . 102 4 Balasore ft. . 60 3 I — Sbls. . 101 3 

Armstrong 1. . 173 3 Aural. . . 165 4 Balbl Mt. . »6.5 j Barker Is. . 104 4 

Armuyden Bk. 64 4 Aureed I. . 102 3 Balbrlggan . 10 z Barletta . ■ 38 4 

Arnhehi) h. . 103 f • Aurora Bk. . 89 4 BaldG . . 42 4 BarrnosaKeblrl. 61 31 


BamRin 

India 69 1 

Persian 0 . 54 ] 


Bamouio Rks. 

>V < 

Bamegat Inlet 

125 j 

Barneveldt Fort 

90 , 

— Is. 

143 1 

Barnstable 

124 X 

Bai'quero 

21 z 

Barra Hd. 

.5 1 

Barracoa 

127 ^ 

Barracouta 1 . 

4' t 

— Pt. 

47 4 

Barra del Tordo 132 .j 

— deS. Anna i:i;{ i 

— deSantan 132 j 

— Velha . 

134 3 

Barren C. 

9(5 » 

Barren I. 


Andamans 

63 1 

China Sea 

67 1 

Furneau-X 

96 2 

Barren Is. 


China 

73 ^ 

Madagascar 


Russ. Amer. 

»M 4 

Barren Mt., East 

93 2 

Barrier C. & Is. 

108 4 

— Gt. Rfs. 

lim 4 

Barroinee Pt. 

98 1 

Barrow C. 

44 2 

— Hill . 

47 2 

Barrow I. 


Australia 

1(16 { 

Low Archip. 1.54 i 

Barrow Pt. 


Australia 

10(1 1 

N. Amer. 

117 ( 

N.W. Amer. 

15 2 

Barry Hd. 

10 4 

Barsalore Pk. 

5*1 2 

Barthol. St 1 


New Guinea 

'•2 1 

New Hebrides 

If.l X 

Bartliol. St. Port 118 .j 

Barwell I. 

IG;.’ 1 

Bas I. . 

!!♦ J 

Basan Pt. 

14('. 4 

Bashees . . 77 r.. • 

Basil B.&C. . 

IH 1 

Busilan I. 

8i 1 

Baskerville C. 

106 1 

Bass Harb. 

62 ] 

— Is. , 

157 ? 

Bass Rk. 


Greenland 

115 2 

Scotland 

6 4 

Bass Strait 

95 + 

Bassa, Grand 

43 i 

Bassania Pt. . 

29 t 

Baasas Rks. . 

69 4 

— da India 

49 ? 

— de Pedro 

55 2 

Bassean R. 

.5S .j 

Basse Terre . 

131 3 

Bassin d’Archac. 

20 4 

Bastia 

25 

Bat I. 

167 1 

Batacarang Ft. 

6(> 1 

Batagl. . 

78 ^ 

Batan I. 

77 1 

Batang Port . 

79 1 

Batangan C. . 

70 : 

Batangas 

78 1 

Batavanan I. . 

78 > 

Batavano 

12« ; 

Batavia . 

81 3 

Batchian 

90 i 

Bate 

6 ; 

Bateman’s Hill 

95 t 

Bathurst C. . 

lir X 

Bathurst 1. 


Australia 

lOl > 



Batharst I. 

liarrow’Bflt. 116 i 

Baticolo . . 69 4 

Batigui 1. . 101 z 

Batoubara . 100 3 
Batou 

— Pegge . 88 4 

Batoum C. . 35 z 

Battantd . 91 3 

Battle Is. . 1 19 4 
BattooPt. . G4 I 
— Barra R. 60 4 
Batty Malve . 63 t 

Bay . 116 3 
Baubtilthouap 175 i 
Bauer C. . 94 i 

Bauld C. . 119 4 
Baxo Nuevo 

G.of Mexico 133 3 
Pedro Bank 129 z 
Bay of Good H. 112 4 
Bay of Islands 

New Zealand 109 i 


Bayonnaise Bk. 

1.59 I 

Bayonne 

20 4 

Bazarouto Is. . 

47 3 

Beachey Pt. . 

117 z 

Beachylld. . 

1 3 

Beacon Bluff . 

109 Z 

— I. 

Cl I 

Beagle Bk. 

105 3 

— Is. 

94 2 

— Rf. 

96 I 

Bear Haven . 

8 J 

— I. . 

17 4 

Bear Is. 


Hudson's B. 1 19 z 

N. Asia . 

114 4 

Bearn C. 

23 3 

Beata I, . 

130 I 

Heauchene I. . 

142 3 

Beaufort 

126 I 

— Inlet 

12,5 4 

Is. . 

116 4 

Beaupre Is. . 

163 I 

Beaver- tail Pt. 

124 4 

Bee du Raz . 

19 4 

Bedford C. 

100 I 

— New. 

124 4 

Bedoo, Ras 

51 I 

Bedout G. 

95 X 

— I, 

106 I 

Bedra I. . 

24 3 

Beechey Pt. . 

166 z 

Beehive Mt. . 

169 I 

- - Rk. . 

73 4 

Bee’s, St., Hd. 

3 4 

Bchague Pt. . 

137 3 

Behring C. 

114 3 

— I. . 

114 2 

Bejaren I. 


Celebes . 

83 X 

Gilolo 

90 3 

Bel Air, Pt. of 

68 I 

Belawan 

81 z 

Belchers, 8. . 

119 z 

Belfast,. . 

10 I 

Belgica, Fort . 

88 3 

Belgium . 

10 4 

Belize 

134 1 

Bclk I. . 

80 I 

Bell Beacon . 

3 J 

— I. . 

119 4 

— Pt. . 

94 I 

Bell Rk. 


Bass St. . 

95 4 

ScotUnd . 

64 

Bellaco Rk. . 

Ml I 

BeliavistaC. . 

25 2 

I. . 

73 z 1 

Belle I. . 

132 3 

Belle Isle 


France . 

20 I 

Labrador . 

119 4 

Bellingshausen 1. 1 .56 z 

Bell of Quillota 

144 3 

Bellona I. 

165 4 

8I1I. . 

101 3 
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Bellow’s Rk. , 

46 3 

Bird I. 


Jleloochistan . 

55 

I 

Ladrunes 

172 I 

Belo Poulo I. . 

32 

I 

Low Archip, 1.55 3 | 

Bclvldere Shis. 

65 4 

New Guinea 91 4! 

Bembdtooka B. 

48 

4 

Sandwich is. 171 i 

bridge Lt. 

1 

4 

Seychclle 

57 Z 1 

Bernini Is. 

127 

1 

W.Afr. . 

42 4I 

Benares Shi. . 

67 

3 

Bird Is. 


Benass, Ras . 

51 

4 

Australia 

100 3 

Bench I. 

107 

z 

K. Africa 

46 4 

Bencoolcn 

64 

z 

Magdalen Is. 121 4 

Bencoonat . 

64 

3 

Birnie I. 

157 3 

Benedicito 1. , 

170 

I 

Biso^ens Hook 

17 Z 

Bengal . 

GO 

3 

Bisc'^no Cay 

126 3 

Bengazi . 

38 

3 

Bisceglia 

28 4 

Bengut C. 

39 

z 

Biscoe Is. 

142 X 

Benidurme I. . 

22 

4 

Bishop I. 


Benin R. 

44 

z 

N. Pacific 

171 4 

Benito, San, Is. 

148 4 

S. Pacific 

162 Z 

Ben Jawad, Ras 

38 

3 

Bishop, S. Rk. 

3 I 

Ben More 

4 

3 

Bishop & Clerk 

153 Z 

Bennet C. 

1.53 

3 

Bissau 

43 I 

Ben Nevis . 

4 

3 

Biva I. . 

161 3 

Ben Tuirck . 

4 

z 



Bentinck 1., . 

103 

X 

Bjorneborg 

13 4 

Beqiiia I. 

131 

4 

Bjuroklubb . 

14 Z 

Berbera 

51 

z 

Black Comb . 

3 4 

Berbice R. 

137 

z 

Black Hd. 


Merck Pt. 

18 

z 



Berdiansk C. . 

35 

I 

Baffin’s B. 

115 4 




Kiig. 

2 z 

Bcregis Rf. . 

160 

I 

Irel. 

9 1,4 

Berezan I. 

34 

3 



Berg R. 

46 

z 

New Zealand 108 i 

Bergen 





Norway . 

16 

I 

Black Pagoda 

60 3 

Prussia . 

12 

3 

Black Pt. 


Bergen 



S. Atlantic 

45 2 

— op Zoom 

11 

1 



Bermudas 

41 

4 

Black Pyramid 

95 4 

BernurdinB. . 

107 

z 

Black R. 

134 z 

— C. 

107 

I 

— Rf. 

97 I 

Bernardino, St- 1. 78 

2 

Black Rk. 


Bernardo Is, . 

1.57 

I 

Eng. . 

3 3 

— San, Is 

13.5 4 

Ire. . 

9 z 

Bernera 1. 

5 

I 

Mergui Arch 

61 4 

Bernier C. 

104 

3 

NewBrunsw. 123 i . 

— I. 

92 2 

Black Itk.s. . 

101 1 

BemouilliC. . 

95 

I 

Blackrock 13. . 

71 3 

Berry Hd. 

2 

I 

Black Sea 

34 3 

— Is. 

127 2 

Blackman Pfc. 

97 2 

Bertler Rk. . 

1.58 4 

Blackmau’sBIuffl .344 

Bertrand I. . 

168 

z 

Bhackwood Pfc. 

92 Z 

Berwick . 

7 

I 

Blair Harb. . 

67 3 

Besiiki 

84 

4 

Blaize, .St. C. . 

46 4 

Betra-par 

55 

z 

Blanche Ur. . 

1C5 j 

Beveridge Rf. 

1.58 


Blanco C. 


Beware Pt. 

145 


Africa 

42 3 

Bexley C. 

117 

z 

Asia M. . 

35 4 

Bianco C. 



Guatemala 

147 Z 

Africa 

39 


Majorca . 

24 3 

Cyprus . 

38 


Patagonia 

140 4 

Ionian Is. 

30 

4 

Peru 

146 3 

Sicily 

27 


Spain 

2i I 

Blckei'ton I. . 

103 

z 

Syria 

37 4 




N. Africa 

42 z 

Bldeford 

2 


Blanco Pk. . 

135 Z 

Hid.ston Lt. 

3 


Blanco Pt. 


Bieloi 

115 


Guatemala 

135 I 

Bielosarai G. . 

35 


Peru 

145 Z 

Bigali I. 

174 

z 

Blanguilla I. . 

136 3 

Bigar Is. 

172 


Blankcnberg Lt. 

11 I 

Bight of Benin 

44 


Bias, St., G. . 

132 X 

— Biafra 

44 

z 

— San 

148 X 

Bighude Pt. . 

4i 

4 

— San Pt. . 

135 3 

Bijouga Is. 

43 


Blaze Mt. 

106 X 

Bijoutier I. . 

66 


— Pt. 

104 Z 

Bilbao . 

20 

4 

Bledaz Is. 

24 3 

Blllran . 

79 


Blenheim Rf. 

57 Z 

Billingsgate I. 

124 

z 

Blewflelds 

135 X 

Billiton . 

65 


Bligan C. 

114 X 

Billool, Ras . 

51 

z 

Blighl. . 

164 z 

Bills Rk. 

9X 

Bligh’s Cap . 

58 z 

Bima 

86 

1 

— Entrance 102 z 

Bingham Pt. . 

151 

3 

— Lagoon 1. 154 3 

Bintaug Hill . 

62 

1 

Block I. . 

125 I 

Biorko . 

13 

3 

Blockhouse 1. 

10 r 

Bir, Ras 

61 

X 

Blomoe I. 

16 1 

Birch Pt. 

121 

3 

Blonde Rk. . 

122 4 

Bird 1. 



Bloobarra Pt. . 

43 4 

Banda Sea 

88 X 

Bloody FarlaxxdH. 9 3 

FalklMidla. 14a X 1 

BloMevilleL . 

168 z| 


Bluff Pt. . . 87 3 » Boston . 1S4 a 

Blyth . T I 

Board I. ■ . 106 3 — la. 173 4 

Boat Kxtreme 117 z Botany B . 98 i 

Boat Rk. . 72 I — I. . 163 z 

Boca del Toro 135 z Botel Tobago 77 4 

Book Pt. . 46 z — Lit. 77 3 

Boddain I. . 57 z Bothnia G. . 13 4 

Bodega C. . 149 z Bottc . . 26 4 

Boele Comba 84 i Bottle I. . . 143 3 

Boga shu C. . 53 I Bottomless Pit 43 * 

Boggy’s Pk. . 131 z 

Bogoslov 1. . 152 z Bouc, Port de 23 3 

Bogskar . . 13 4 Boucher 1. . 163 1 

Boiiol 1. . . 79 z Boudeuso I. 

Boidi . . 33 I Admirautels. 56 1 

Boileau C. . 106 1 S. Pacific . 167 x 

Bojador C. . 42 3 Boudroom . 36 4 

Boiltones Mt. . 149 z Bougainville C. 

Bold Hd. . 106 4 Australia 104 3 

Bolhessoo 1. . 51 z VanDiem.L. 97 1 

Bougainville I. 165 3 
Bolingbroke Pt. 94 3 — Mt. 168 3 

— 8hl.l02 I 

Bolivar Pt. . 132 3 

Bolongo 1. . 60 4 Bouka I. . 165 3 

Bolsherctsky . 114 z Boulanga I. . 160 z 

Bolt lid. . . 2 1 Buiilang Pulo . 91 3 

Bolus Tld. . 8 4 Buuldyr I. . 152 3 

Born Abrigo . 139 3 Boulogne . 18 t 

Bomba . . 38 z Boung Q,uiona C. 70 3 

Bombay . . 58 4 

Bountiful Is. . 103 I 

— Hook 125 3 Bounty Is. . 153 3 

— 8hl. . 71 I Bourbon 1. . 68 I 

Bourgas . . 34 z 

Bomige Is. . 81 4 Bouro I. 

Bommelde . 15 4 Banda Sea 88 4 

Bomi)a.s Pfc. , 139 4 Sumatra . 63 z 

Bon 0. . . 38 4 Bouton Is. 

Bona . . 89 z Celebes . 83 4 

BonaW . . 178 3 Malacca St. 62 1 

Bonac(;a I, , 134 2 Bouvard C. . 93 l 

Bonavcnturo I. 121 z Bouvet’s 1. , 58 l 

Bonavista . 41 3 Bow I. . 1.54 4 

— C. . 120 1 Bowditch I. . 167 1 

Bond Rfs. . 163 3 Bowen C. 

Bonden . . 14 2 Australia 100 I 

BongolaAnchge. 80 4 Baffin’s B. 117 4 
Boni . . 84 I Bowen, Port 

— T. . . 91 z Australia 98 4 

Bonifacio . 25 3 Baffin’s B. 117 3 

Bonin Is. . 171 3 Bowen Rks. . 12 ( l 

Bunny R. . 44 z Bowling Green G. 99 X 

Boiioa . . 88 4 

BonplandPt. . 168 3 Boy anna B. . 48 4 

Bontekoo . 1 15 z Brabant C. . 68 i 

BonthianMt. . 84 I 

Bonvet’s I. , 141 l Bradoro Hills 120 4 

Bonvouloir Is. 167 4 Braganza Shi. 137 4 

Boo Is. . . 89 3 Brahestnd . Ml 

Boobooan , 81 2 Brala Pulo . 67 3 

Booby I. . 102 i Brama Pt. . 168 3 

— Shi. . 101 3 Bramble Cay . 102 x 

Boolanhow Hill 75 2 — Rks. 103 4 

Booleelooyaii Pt. 75 2 Bramo 1. . 14 z 

Boompjes . 86 z Beams Pt. . 137 z 

Boon 1. Branca . . 4 1 z 

Branco C. . 138 3 

Maine, U.S. 123 4 

Brandy Rks. . 120 1 

BootRf. &I. . 102 z Brandy wine 8hl. 1 25 z 

Boothia G. . 116 3 Brant Pt. . 124 3 

Bora hora I. . 156 X Bras, St., C. . 45 3 

Rorcum Lt. . 1 1 3 Brasse Pulo . 63 z 

Borda C. . 105 4 Brava 

Bordeaux . 20 4 C. Verd Is. 41 4 

Burdelaise I. . 173 4 E. Africa 50 4 

Borcel C. . 107 4 Bravo del Norte 132 4 
Brazil . 138 X 

BorlaseWarr.C. 115 2 — Rk. . 122 4 

Borneo City . 74 4 Brazza 1. . 30 f 

— 8hl. . 49 4 Bray Hd. , 8 4 

— Coral Is. 68 z Breaker Pt. . 71 4 

Bornholm . 15 f 

Borodino Is. . 171 4 Breakseal. . 106 4 

Bosbouroun C. 34 z — Spit 98 } 

Boscawen I. . I58 z Brebes Pt. . 91 | 

Bosphorus . 34 z Brekat Pt. . 65 x 

— Eastern 113 3 Bremen . ,, 11 ) 

Bossut C. . 106 I Bremer Lt. . J1 3 

Bostaneh, Ras 54 3 j — Mt. . lOf ] 

3 
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Brescou, Fort 23 3 Huen Ayre I. • 136 x Cabrera J. Camiguln I. Caiibana Pt. . 133 | 

Brest . . 19 4 lluenos Ayres 140 x Baleares . 24 3 Babuyanes 77 I Cariniata . 63 l 

Brett C. . 109 1 liuffalo I. . 70 i Greece . 81 3 Philippines 80 3 Garimon Is. 

Brewster O. . 116 3 ~ Pk. . 87 4 Gabron G. . 129 3 Caminha . 21 3 Java . 85 a 

Brldgeinan I. . 141 3 — Pt. . 64 a Cabrutee . 66 3 Cainutes Is. . 79 I Sumatra . 66 | 

Bridgetown . 131 4 Bugiaron C. . 39 z Gaburlahan . 76 4 Campanella Pt. 26 4 Carlisle . . 4 t 

Bridgewater . 2 3 Bugio . . 22 i GacciaC. . 25 i Campbell C. . 107 3 Carlingford . 10 I 

— C. 96 z Buia G. . . 26 1 Cacheo, Fort . 43 1 Campbell 1. Carlo I. . . 14 1 

— Rf. 165 X — Pt. . . 161 1 CachipourC. . 137 3 Caroline Is. 178 4 CaSrlopago . 29 4 

Bridlington . 7 X Buka B. . . 87 z Cadaqucs . 23 z 8 . Pacitlc 168 3 Carlos, St. B. . 132 1 

Bridport . 1 4 Bulacaui Pt. . 793 Cader Idris . 3z Campbell Mt. 109 z — San,Portl42 Z 

Brielle . . 11 1 Bulagao Mt. . 76 4 Cadiz . . 22 z Campbelton . 4 x Carlscrona . 16 1 

Briduc, St. . 19 3 Bulalagui Pt. . 79 2 Cadmus I. . 3 Carnpeachy . 133 z Carlshamn . 16 1 

BrigRk. . 122 z Bull Rk. . 83 Caen . . « 18 3 Campobello I. 123 z Carlsboifl. . 166 4 

Brighton . 1 3 Bullen C. — I. . . 165 4 (^ampo Marino 28 4 Carlso, Gt. . 14 4 

Brill .Shi. . 86 z Arctic Ocean 116 i Caernarvon . 3 z Campo Muro C. 26 3 Carmel C. . 37 4 

Brillante Shi. 162 4 Bight of Biafra 44 3 Calfarellil. . 105 1 Cainranh llarb. 68 z Carmen I. 

Brindisi . 28 3 Buller C. . 166 2 Cagayan. . 80 z Cana . . 39 I G.ofCalifor.l48 z 

Bringen Pulo 64 z Cagayan 800 I 00 IS. 8 O 4 Yucatan . 133 z 

Brisbane R. . 98 z Bultigl. . . 169 1 Cagayanesls. . 80 3 Canalle . . 19 z Cam’s Kf. . 101 3 

Bristol Bulungan . 81 3 Cagliari . . 25 z Cananea . . 139 3 Carnasa 1. . 79 1 

England . 2 4 Bulusati Vole. 78 z ('aicos Bk. . 127 4 Cananore . 69 z Carnatic 8 hl. . 70 i 

Rhode 1. . 124 4 Buncraua . 9 3 Caiman Pt. . 76 4 Canary, Grand 40 z Carnicobar . 63 f 

Bristol B. . 162 4 Caius Pt. . 21 Z Canaveral C. 126 3 Carnom Pt. . 67 4 

— I. . 141 z BungaPulo . 63 4 Cairncrossl. . 100 3 Candelaria Rfs. 164 3 Carnsore Pt. . 10 3 

Bristow I. . 92 i Bungelow I. . 112 1 Cairo . . 38 i Candia . . 36 3 Carolina, N. . 126 4 

— Rk. . 153 3 Bunkers’ Grp. 98 3 CairoQU Pt. . 139 a Candlemas Is. 141 z — S. . 126 i 

Britannia CaiteB. & Town 138 1 Caroline Is. 

— Rk. 46 z Cajoli B. . 88 4 Candy C. . 83 i N. Pacific 173 4 

— C. . 116 I Buppan Bluff. 135 z Calaan Pt. Canet C . 23 1 S. Pacific 167 I 

Briti h Sound 49 1 Burela C. . 21 z Luzon, E. Coast 78 z CaiigrejoPk. . 134 1 Caronia . . 28 1 

Brittu Shi. . 68 2 Burfbrd I. . 104 1 Canister, W. I. 61 3 Carpentaria G. 103 t 

Burgeols. . 120 3 Calafiguera C. 24 4 Canna 1. . 4 3 Carr 1. . . 161 3 

BroerRuysC. 115 2 Burgh Bd. . 6 2 Calais . . 1 m 1 Cannae Rk. . 167 3 Carranza Pt. . 144 3 

Brogden Pt. . 103 4 Burias I. . 78 3 Calainianes Is. 76 3 Cannes . . 24 i Carrasco.Mt. . 145 z 

BuricaPt. . 147 z Calamity Mt. . 26 z Canning I. . 115 z Carreta Pt. . 13^ a 

Broken Is. . 168 4 Canning’s Rk. 65 3 Carretas Hd. . 146 

Brondolo, Port 29 z Burlings . . 21 4 Calangaman I. 79 4 Cano Is. . . 147 z Carrickfergus 10 i 

Brother, W., 1. 91 3 Calava C. . 28 i Canoas Pt. . 135 4 Cartagena 

Brothers Burney I. , 114 4 Calavite I. 763 Cansado, Port ‘ 42 3 New Grenada 136 4 

Andamans 62 4 Burning I. . 162 3 — Mt.&Pt. 76 z Oanso Gut . 122 z Spain . 22 4 

BightofBiaf. 44 4 Burnt I- Calayan 1. . 77 z Can taros Mta. 21 4 Cartago Mt. . 136 1 

China . 72 i Araoian G. 51 1 Calcauhar Pt. 138 3 Cantin C. . 42 z Carteret C. . 19 z 

China, E. 73 4 Tier.delFuegol43 I Calcutta. . 60 3 Cantire, Mull of 4 2 — Port 166 i 

China Sea 68 3 Buro C. . . 91 4 Caldeiral. . 47 4 Canton . . 71 3 — Shi. 176 I 

E. Aft*. . 51 I Burra Ness . 6 z Caldera, Poi-t , 80 2 — I. . 78 I Carthage C. . 39 i 

Greece , 36 z Burra Voc Ness 64 — Port. 145 i — Pack. 8 h . 864 Carvoeiro C. 21 4 , 22 1 

Hainan . 70 4 Burrow Hd, . 4 i — Pt. . 130 I — Pulo . 70 z Carwar Hd. . 69 z 

Hudson’s B. 119 z Cap I. Carysfort C. . 142 a 

Macas. Strait 82 4 Burt, Fort . 130 3 Caldy I. . . 24 Martaban 61 3 — 1. . 154 3 

Mergui Arch. 62 I Busaco Mt. . 21 4 Calebar, New, R. 44 a Sumatra . 63 3 — Rf. . 126 3 

New Guinea 92 I Bush Cay . 126 4 — Old . 44 z Cap Rk. . 110 4 Casamanza R. 42 4 

Red Sea . 62 l Busheab I. . 64 3 Calebasse Creek 137 4 Cascades Pt. . 106 4 

Sumatra . 66 3 Calodon Mt. . 103 z Capas Pulo . 67 3 Cashe’s Ledge 123 3 

Brough of Birsa 5 3 Bushy I. 100 3 Calicut . . 69 3 Cape Breton I. 122 i Ca.skets . . 19 i 

Broughton B. 113 3 Busi 1. . 30 i Calf, S. Ft. . 34 — CoastCastle44 i Casma B. . 146 Z 

— I. 113 1 Busios Is. . 139 z — Rk. . 83 — Colony . 46 3 Cassandra C. . 33 4 

— Rf. 109 4 Buskar Lt. 15 z California . 148 z — Islet . 77 4 Cassidaigne . 23 4 

— Rkq. 112 z Calitura . 59 4 — Verdis.. 41 z Cassini I. . 104 3 

Busto C. . 21 1 Callagouk 1. . 61 3 Capel Bk. . 101 z Cassis . . 23 4 

Brouwers Shi. 66 s Busvagon I. . 76 3 Callao . . 146 i Capo d’lstria . 29 3 Castagnetto . 26 i 

.<drown Mt. . 94 4 Butt of Lewis- 5z Callohijils. . 823 Capones Pt. . 763 Castelainare . 264 

— Ft. . 94 I Button' I. Calm Pt. . 1.52 4 Capraia 1. . 26 z Castelhanos Pt. 139 X 

— Shis. . 70 I — Gt. . 84 z Caloltong Pt. . 78 i Caprera I. . 26 3 Castellated Rk. 73 t 

Brown’s Range 173 z Button Is. Caloni . . 35 3 Capri 1 . . . 27 i Castel Volturno 26 3 

— Strait 103 3 Marohall Is. 172 3 Capricorn Grp. 98 3 Castigllone . 26 i 

Brownston Hd. 10 3 N. America 118 z Calpcntyn 69 3 Capiicin, Pt. du 67 i Castilla C. . 134 z 

Browse I. . 106 3 Buttons . 91 X Calshot Lt. . 1 3 Capul I. . . 79 1 Castillos Rk. . 140 i 

Brue Rk. . 105 i Buyer’s I. . 166 z Cara, Pulo . 67 4 Castine . . 123 3 

Brumby Is. . 103 3 Buyuk Dereh . 34 X Calusa . . 80 3 Caraballo HI. , 77 i Castle I. 

Brunei . . 74 4 By am Martin I. Calvada Islet . 139 i Caraccas . 136 3 Labrador . 120 4 

Bruny I. . ^ 4 Barrow’s Strt. 116 z Caiventura Rks. 61 i Cartmoles Ft. . 147 1 New Zealand 108 3 

Brury I. .64 Low Archip. 156 i Calvert Is. . 172 4 Castle Pk. . 76 i 

Briisterort . 12 4 Calvi . . 25 3 Caramulo Mt. 21 4 — Pt. . 108 i 

Bruzzano C. . 28 z Byramgore Rf. 66 z Calymere Pt. . 60 i Carandaga 1. . 75 4 Castle Choco . 135 z 

Bryer’sl. . 122 4 Byron B. . 170 3 Camana Mt. . 145 3 Cararang I. . 764 Castlereagh C. 143 a 

Bryon 1. . 121 4 Byron C. Camaran 1. . 52 4 Caratasca Lag. 134 3 CastletonLt. . 34 

Buachill. . 44 Australia 98 z Camara^C. . 24 i Caraumilla Ft. 144 3 Castor & Poll. R. 117 i 

Bucalemo Hd. 144 3 New Ireland 166 I Camaron O. . 134 z Caravel Rk. . 131 3 Castries B. . 113 4 

Bueallsse L . 66 3 8 Pacific 164 x Cambay . . 68 4 Carbon G. . 89 z — Fort . 131 3 

Buccaneer’s Arc. 105 1 Cambingl. . 87 3 Cardamum . 66 z Casuarina I. . 47 1 

Buccleugh Shi. 91 z Cabaleria C. . 34 4 Cambir, Pulo . 68 3 Cardiff . . 24 — Mt. 104 3 

Buchanness 6 3 Caballo Pt. . 21 1 Cambodia R. . 68 1 Cardigan I. . 3 1 — Pt. 93 I 

Cabedello, Fort 138 3 Cambridge G. 104 z Cardiva I. .664 — Rf. 94 i 

Buckinghamz.Sh. 69 3 Cabelete 1. 77 4 — • 143 3 Cardon I. . 147 3 Cat I. . . 182 z 

BucklandMi. 142 4 Oltbeza de Hondo 78 3 Cambynal. .884 — Pt. . 186 i Catalanal. . .48 a 

Budd 1. Cabicungan Pt. 77 i Camden Shi. . 66 3 Cardoz Mt. . 139 3 Catalina, Sta. I. 

Feejee U. 161 i Cabinganls. . 81 z Camel I. . 67 i Cai’eeningB. . 104 4 Mexico . 148 4 

Moluccas. 91 I Cable I. . . 107 i Camel’s Hump 44 i 1. . 129 1 Solomon Is. 164 4 

Buddonness . 6 3 Cabossal. . 61 3 Carentan . 18 3 Catanduanei 1. 78 1 

Budua . . 80 z Cabras 1. . 76 3 Cameron Mt*. 97 I Carey’s Is. . 116 4 Catania . .97 3 

Buen»TontuniR.14S 4 — ' Fort . 40 z Cameroons • 44 a CargadosGan^^Mi^I 4 Catastrophe O. 94 f 
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Catul 

79 4 

f;athai’ina I. . 

173 z 

Catherltia Rf. 

66 I 

Catherine Is. . 

89 4 

— Pt.. 

142 4 

Catherine, St. G. 

45 z 

— I. 

139 4 

Cato Bk. 

101 i 

Catoche G. 

133 3 

Cattow I. 

169 3 

Catwyk, Gt. . 

68 3 

Caution C. 

160 1 

Cavaliere G. . 

37 3 

Cavallo.Port . 

132 4 

aavelli I. 

«0 3 

Cavite 

76 3 

Cavite, Pt. de 
Cavoli 1. 

79 4 

25 Z 

Cawee, Gt. 1. . 

121 1 

Gawoor . 

G4 z 

Caxine G. 

39 3 

Caxo I. . 

36 z 

CaxodeMuert.l. 

1.30 3 

Caxonos . 

1.34 3 

Cayenne . 

137 3 

Gayeux . 

18 z 

Caymans 

128 4 

Caymites 

129 4 

Cayo Is. . 

43 I 

— Blanco . 

128 3 

— Romano 

128 I 

Cazza I. . 

30 Z 

Cazzioia I. 

30 Z 

Ceara 

138 z 

Cedar Gays . 

132 1 

Cedrus 1 . 

148 4 

Cefalu . 

28 1 

Ceicer de Mer 

68 4 

— Terra 

68 z 

Celebes . 

88 4 

Ccntinel . , 

136 3 

Cophalonla 

31 I 

Ceram . , 

88 4 

— Laut . 

89 1 

Cerlgo 1. 

32 I 

Gcrigotto I. . 

32 I 

Cerralbo I. 

148 3 

Cerro Azul . 

146 4 

Cerro del Mecate 132 4 

Gerros 1. 

148 4 

Cervera C. 

22 4 

Cesareo, Port . 

28 3 

Cesenatico 

29 z 

Cestus 

43 3 

Celte 

23 3 

Ceuta 

39 4 

Ceylon . 

69 4 

Chabrol I. 

163 1 

Chacachacare 1. 

137 I 

Chacon C. 

161 t 

Chagos, Gt. Bk. 

67 3 

Chagre . 

136 3 

Chain I. . 

156 2 

Chak chak, Port 

60 z 

Chaleur B. . 

121 3 

Chalmers, Port 

151 4 

Ghamatla R. . 

148 I 

Chame Pt. 

147 I 

Chamisso I. . 

153 z 

— Port 

173 4 

Champigny Is. 

106 1 

Champion B. . 

92 4 

Champoton . 

133 Z 

Chance I. 

61 4 

Ghandeleur Is. 

132 Z 

Chanerai I. . 

144 4 

G hang-chi I. . 

72 3 

Channel Is. . 

19 I 

Gltanonry Ft. * 

6 z 

Chao Is. . 

146 t 

Chaoul . • 

58:4 

Chapel I. • 

72 1 

Chapman Q. . 

116 3 

Charbar . 

65 1 

Charles C. 

126 3 

— Fort . 
Charles I. 

10 4 

Galapagos . 

169 z 

Hudson’s Str 

.118 Z 


Charles I. 


Spitsbergen 

17 3 

Charleston 


Leeward I^. 

I3i I 

S. Carolina 

126 1 

Charlotte Bk. 


China Sea 

68 3 

S. Pacitic . 

162 1 

Charlotte I. . 

162 3 

Town 121 3 

Chase I. . 

162 z 

Chateau B. 

120 4 

Chatham 

1 I 

— C. . 

93 1 

— Harb. 

124 Z 

- I. . 

169 Z 

Chatham Is. 


Marshall Is. 

172 3 

S. Pacitic 

153 3 

CLath.'im, Port 


Russ. Amer. 1 51 4 

Chatte C. 

121 z 

Cliauchat Rks. 

72 z 

Chaume, La . 

20 Z 

Chausey Is. 

19 Z 

Chaiiveau 

20 3 

Chaves . 

137 4 

ChayapirenVolc.144 z 

Cheduba I. 

61 I 

Che-fow . 

110 3 

Chelagskoi C. 

114 4 

Che-laiig-iah Pt. 

71 4 

Chelindreh 

37 z 

Chelsieu Rks. 

72 I 

Cherbourg 

18 4 

Cheribon 

84 3 

Cherinaier 

84 3 

Cherry I. 

162 I 

Chesterfield Bk. 

48 4 

Cheviot Hill . 

7 1 

Chiapa Pt. 

25 4 

Chicacole 

60 z 

Chica Mola R. 

135 z 

Chicarene Pt. 

147 3 

Chichester 

1 3 

Chichia I. 

160 3 

Chicken Hd. . 

6 z 

Chicobca I. . 

161 I 

Chidebucto B. 

122 Z 

Chidleigh C. 


Hudson’s St. 

118 z 

Labrador . 

119 3 

Chignecto C. . 

123 I 

Chik-hok 1. . 

73 I 

Chilca Pt. 

146 4 

— Port . 

145 4 

Childers Rk. . 

73 4 

Chile . 

144 3 

Chiloe I. 

144 1 

Chimmo 

72 z 

Chimney Hill . 

51 3 

— I. . 

72 3 

China Sea 

67 t 

Chlncha Is. 

146 4 

Chin-chew 

72 z 

Chinchorro Bk. 

133 4 

Chin-Hac 

73 3 

— Fort 

72 I 

Chin-san 1. 

73 4 

Chioggia 

29 z 

Chipana B. 

146 z 

Chirambira Ft. 

146 4 

Chiriqui Lag. 

135 z 

Chiswell Is. . 

151 4 

Chlti C. . 

38 I 

Chittae . 

56 Z 

Chittagong R. 

60 4 

Chitwa . 

69 3 

Choctaw Pt. . 

132 z 

Cholseul B. . 

166 3 

— ■ I. . 

165 z 

— Port 

49 Z 

Chookea I. 

73 3 

Chosan,Port . 

111 Z 

Cboumay C. . 

70 z 

Chowry . 

63 1 

Christchurch . 

1 4 

Christian, Fort 

130 3 

Christiana 1. 



Grecian Arc. 32 4 


Christiania . 

16 1 

Ghristianopel . 

16 1 

Christiansand 

15 3 

Christiansu . 

15 I 

Ghristlanstad . 

130 4 

Christiansmtd 

16 I 

Christina, Sta. 

156 z 

Chnstinstad . 

13 4 

Christmas Harb. 

68 Z 

Christinas I. 


Indian O. . 

58 3 

N . Pacific 

170 I 

Chris'^pher, St. 

131 I 

Christuval. St. 1. 

164 4 

Cbuluwan 1. . 

47 3 

Chuug-chi Pt. 

72 Z 

Chuug-shan I. 

110 3 

Churchill C. . 

119 1 

Chusan Is. 

73 3 

Ciea Mt. 

30 3 

Cie.s 

21 3 

Ciinbrishamn 

15 I 

Cin Pulo 

67 4 

Cintra Mt. 

21 4 

— Down of 

42 3 

Ciotat, Port . 

23 4 

Circular Hd. . 

97 z 

— Rf. . 

166 4 

Cirella I. 

27 I 

Cirencester Bk. 

65 4 

Cisargas Is. 

21 z 

Cispata Harb. 

136 3 

OittaNuova . 

29 3 

Civita Vecchia 

26 3 

Cizupol . 

34 Z 

Claire I. 

164 I 

Clair, St. I. . 

111 4 

Clapps 1. 

63 4 

Clack’s 1. 

100 1 

Clara 

40 1 

Clara, Sta. I. 


Juan Fernand. 

151 I 

Peru . 

146 3 

Clare 1. . 

9 1 

Clarence Cove 

44 3 

Clarence 1. 


Madagascar 

49 t 

S. Pacific 

157 Z 

Clarence Port 

153 I 

— Strait 

104 t 

Clark’s Bk. . 

156 3 

Clarke Bk. 

IU 2 4 

1 . 

96 Z 

Clarke’s Pt. . 

124 4 

— ShJ. . 

105 z 

Claro Babuyan 

77 z 

Classet C. 

149 3 

Clear Cape 

8 Z 

Clearwater Pt. 

121 I 

Cleaveland Shi. 

42 Z 

Cleft I. . 

95 3 

— Rk. 

72 4 

Clemente, St. 1, 

14s 4 

Clerk, Sir S , 1. 

ll7 z 

Clerk’S Kks. . 

141 z 

Clcrke 1. 

1.54 z 

Cleveland C. . 

99 3 

Clermont Ton- 


iiere 1 . 

154 z 

Cliiibrd Is, 

111 1 

Clitfy I. . 

97 3 

Clippci'ton Rk. 

169 4 

Oluates Pt. 

92 Z 

Clogher Hd. . 

10 2 

Clonard C. 

111 3 

Cloudy B. 

107 3 

Clove Is. 

89 I 

Cloven Cliff . 

17 z 

Clump I. 

91 z 

Clute I. . 

154 4 

Clyde Pt. 

61 3 

Coast C. . 

44 I 

Cobga B. & Pk. 

145 z 

Cocal I. . 

159 z 

Cochin . 

59 3 

— China 

68 4 

Cochrane C. . 

111 4 

Cockbum C. 


Arctic Ocean 1 16 1 | 


883 


Cockbiirn C. 



Concordia Port 

87 1 

Australia . 

103 4 

Cundiilac I. . 

104 

Coukburu I. . 

154 

1 

Cundore,Pulo,l8. 68 

— Mt. 

47 

4 

(^one, The 

61 

— Rf. 

lOU 

3 

Cone I. . 

73 

Cockell’s U. . 

105 

I 

Contites Cay . 

128 

Cockle Lt. 

7 

4 

Couiiict lifs. . 

43 

Cocos I. . 

80 

z 

Congo R. 

45 

Coco Is. . . 62 3 , 

4 



Coco Pt. . 

137 

z 

Conical Hill . 

58 

Cocoa 1. . . 

67 

4 

Connecticut . 

125 

Cocoa-nut I. 



Conseguina Pt. 

147 

Java . 

86 

z 



Sandwich Is. 

170 

3 

Constantine C. 

.62 

Torres St. 

102 

3 

Constantinople 

31 

Cocoa-nut Pt. 

89 

3 

Constitution Rd, 145 

Cocos 1. 



Contoy I. 

13.^ 

Lad rones . 

171 

4 

Contrariet^s I. 

16 1 

N. Pacific 

169 

4 

Conway B. 

169 

New Ireland 166 

I 

Conway C. 


S. Pacific , 

158 

z 

Australia 

99 

Cocos Is. 



China 

73 

8 . Pacific . 

161 

3 

Conway Rf. , 

162 

Sooloo is. . 

81 



Sumatra . 

63 

3 

Cook’s Is. 

15s 

Cocos Pt. 

147 

1 

Coomfidah 

5‘ 

Cocuzza Mt. . 

27 

I 

Cooper, Port . 

lO', 

Cod C. 

124 

z 

Coordomeat Is. 

5) 

— Uarb. 

124 

z 

Cope, C. de 

22 

Cod’s Hd. 

8 

3 

Copeland Lt. . 

iU 

Codera C. 

136 

3 

Copenhagen . 

12 

Coetivy 1. 

56 

3 

Copiapo 

145 

CotUn C. 

Cortin I. 

83 

z 

Copinsha I. . 

5 

Madagascar 

48 

3 

Coppename R. 

137 

Nova Scotia 

122 

3 

Copper 1. 

114 

Cofre del Perote 133 

I 

Coppermine R. 

117 

Cohanzey Creek 125 

3 

Coquet I. 

7 

Coimbra 

21 

4 

Coquille Harb. 

17i 

Culberg . 

12 

3 

— 1 . . 

174 

Colbert 1. 

106 

t 

Coquimbo 

144 

Coles’ Is. 

100 

1 



— Pt. 

145 

3 

Coral Bk. 

105 

Coley Rk. 

43 

4 

~ I. . 

139 

Colima Volcano 

147 

4 

Coral Rf. 


Coliu I. . 

75 

3 

Marquesas 

156 

Coll 1. 

4 

3 

S. Pacific . 

159 

Cullao Cham Is. 

70 

z 

Coral 


Collao Han 1. . 

70 z 

— West Bk. 

63 

Cullato C. 

47 

z 

Corchuiia 

22 

Collins Shi. . 

121 

1 

Corcobado Vole. 144 

Colloinand. Atoll 56 

z 

Cordouan 

20 

Colnett C. 



Corean Archip. 

111 

Calilurnia . 

148 

4 

Coro Nowaret 

51 

N ew Caledonia 1 63 

z 

Corentyn R. . 

137 

Colnett I. 

111 

3 

Corfu 

30 

Colombia 

146 

4 

Coringa . 

60 

Colombo 

59 

4 

— Shi. . 

102 

Colonella 

29 


Corinth . 

31 

Colonia . 

140 

I 

Corisco I. 

44 

Colonna 0. 

32 

z 

Cork . . 

10 

Colonsay I. 

4 

z 

Cormachlti C. 

37 

Colorado R. . 

148 

2 

Corn Is. . 

135 

Colonulos R. . 

140 

z 

Cornqjo Pt. . 

145 

~ Ufa. 

128 

2 

Corner C. 

168 

Colqiihonn Mt. 

45 

4 

— Inlet . 

97 

Columbian Rk. 

65 

4 

Cornwall C. 


Columbia C. . 

116 

T 

England . 

2 

- R. . 

149 

2 

Torres Str. 

102 

Columbretpsla. 

23 

I 

Cornwallis 

109 

Columbus’sLand- 




fall 

127 

2 

Cornwallis I. 


Column I. 

114 

4 

Baffin’s B. 

116 

Colville C. 

108 

4 

New Orkneys 141 

Couiba Pulo . 

87 

I 

Cornwallis is. 


Cunifurt C. 

165 

2 

N. Pacific 

170 




— . 

172 

Melville Penln. 118 

4 

Cornwallis Mt. 

92 

Solomon Is. 

165 

z 

— Port 

62 

Comlno G. 

25 

2 

— Shis 

69 

Commerson I. 

167 

2 

Corny Pt. 

94 




Coro 

136 

Comorin C. . 

59 

1 

Coroa GrandeSh. 1 38 

Comoro . 

49 

4 

Coromandel Coast 6 U 

Concedo Pt. . 

130 

1 

— Har.108 

Concepcion 



Coron I. . 

75 

Bahamas . 

127 

z 

Coronados Rks. 

14K 

Chile 

144 

i 

Coronation i. 

141 

Conception Pt. 



— is. 

151 

Mexico 

149 

I 

Coronge I. 

61 

Conchagua G. 

147 

3 

Corral. Fort . 

144 

Conchee Rk. . 

19 

z 

'norregutor I. . 

7«i 
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88 i 


Corriente$ C. 

Buenos AyrM 140 t 
Cuba . , m t 

Mexico . 147 4 
Panama . 147 t 
8. Africa . 47 2 

Clorrubedo G. . 81 3 | 

Corsair B. . 136 3 | 
Corseules, Port 18 3 | 
Corsewall Pt. . 4 I 

C'orsica . . 2f> 3 

Ccrso I. . . 143 4 

Coruna . . 21 2 

Corvo . . 40 4 

Cosclo di Donna 25 i 
Cosire . 52 i 

Oosmoledo . 50 1 

Coster C. . 163 i 
Cotaringan R. 82 1 
Cotrona . . 28 2 

Coubre Pt. . 20 3 

CougaJgal. . 152 2 
Coulaba I. . 58 4 

Coulomb Pt. . 106 i 
Coumong Harb. 68 3 
Country Harb. 122 2 
Goupang . 87 2 

Coupe Pt. . 19 1 

Gouronne C. . 23 3 

Couitown Bk. 134 4 
Goutanjces . 19 2 

Cove Rka. . 46 4 

Covelang . 60 2 

Coveil la. . 172 4 
Coventry Rk. . 93 i 

Goversea Skerries 6 2 
Cow and Calf . 62 3 

Cowes Castle . i 4 

Coxcomb Pt. . 1 58 3 

Soy inlet . 142 3 
Cozumel 1. . 133 4 

Crab I. 

Brit. Guiana 137 2 
Leeward is. 180 3 
Venesuela 137 i 
Gragl. . . 74 2 

Craggy I. . 96 l 

Craig Harriet . Ill 2 
Cranberry 1. . 122 2 
Craiiganore R. 69 3 
Cras, C. le . 165 3 
Grauford C. . 117 3 
Craw Pt. . 88 4 

Crawford I. . 43 2 

Crclogh Rks. . 8 3 

Crescent Chain 71 i 
Crescent City . 140 2 
— I. 

LowArchlp. 154 2 

CrestadelGalloI.78 4 
Cretin la. . 168 I 
Creux, C. de . 23 2 

Cricq, 8t. C. . 92 3 

Crillon C. . 113 4 
Orimon 1. . 85 2 

Crio C. 

Asia Minor 37 1 


Croce, Sta. C. 27 3 
Crocodile Is. . 103 3 
— Rk. 95 4 
Groisic . . 20 2 

Croix, St. B. . 114 3 

~ 1 . . 46 4 

Croker I. . 155 3 
Crokerl.lkC. 103 4 
Cromarty 6 2 

Cromer . . 73 

Crdmpal. 86 3 
Crooe . 64 3 

Crooked I. . 127 3 
Orookhaven . 8 3 

Crosby Lt. • 8 a 

Crot/t C. 

Buss, Amer. 161 3 
W. Africa 45 4 
Cron Btli • 46 I 


I Cross 1. 

Magdalen Is. 121 4 
Nova Scotia 122 3 
eras’*. Port, 1. 24 i 

Crown 1. . 166 3 

Crozer Mt. . 173 3 
Cruz, C. de . 128 4 
— Pt. de . 79 2 

Cruz, Sta. 

Africa . 42 2 

Canary Is. 40 3 
Leeward is. 130 4 
Cruz, Sta. 1. 

California 148 2 
Mexico . 149 I 

8 Pacific . 164 2 
Cruz, tsta. Is. 

Philippines 80 2 
Cruz, Sta. Port 141 i 
Crystal ild. . 104 4 

Cuba . . 127 4 

Cuddalofe . 60 i 

Culcbra . 147 2 
— I. . 130 3 

— Islet . 79 3 

Culebras Pt. . 146 i 

— Shi. . 1.VJ 3 
Culiacan Shis. & 


R. 

148 I 

Culill Pt. 

76 4 

Cullen . 

6 2 

Cullera C. 

22 4 

Culpepper I. . 

169 4 

Culver Pt. 

93 4 

Cutnaiia . 

136 3 

Cumberland B. 

154 I 

- C. 

164 1 

— En.lOl 2 

Ha. 128 4 

Cumberland I. 


Georgia . 

126 2 

Low Archip. 155 1 

Cumberland Is. 

99 1 

Cumbrss Lt. . 

4 2 

Cumbrian Break 

.77 3 

Cunningham Pt. 105 2 

Ca{>chi Pt. . 

71 4 

Cupola C. 

92 2 

— Mt. . 

117 2 

Cura(;ao I. 

136 2 

Cure 1. . 

171 I 

Curieuse I. 

67 I 

Curioso C. 

141 1 

Current Basin 

107 4 

Current 1. 


N. Pacific 

176 I 

Curtis I. 


Bass Strait 

95 4 

N.W. Austral. 

105 3 

Curtis Is. 

156 4 

— Port . 

98 4 

Curzola 1. 

30 2 

Cuthbert l*t. , 

103 4 

Cuttehunk Lt. 

124 4 

Cuvier C. 

92 2 

— I. 

108 4 

Cuxhaven 

11 4 

Cuyos Is. 

76 I 

Cyclops Mt. . 

168 3 

Qyprus . 

38 1 

Dacros C. 

117 4 

Dsedalus Shi. . 

52 1 

Dagelet I. 

113 3 

Dagerort 

13 I 

Da Gula . 

21 4 

Dale Pt. . 

103 3 

Dalhousie I. . 

121 3 

Dalmeb . 

64 1 

Dalrymple B. . 

48 4 

— I. . 

102 3 

, — Port 

97 2 

* — Rk. 

115 4 

Daluplri 1. 

77 2 

DaniNun . 

68 4 

Dame Marie C* 

129 4 

Damietta 

38 I 

Dammer Is. . 

87 4 

Dampter 1. • 

168 1 


1 Dampier Strait 

91 2 

Derna . . 

38 2 

Dampier’s Archi.lOC 2 1 

Deschamps Pk. 

166 4 

Dana Pulu 

87 2 

Deseada . 

131 2 

Dana’s Peak . 

161 I 

— C. . 

46 2 

Dandc Pt. 

45 3 

Deseado' C. . 

143 2 

Dane’s i. 

17 2 

Desecho 1. 

130 2 

Danger I. 


Desert Mt. Rk. 

123 3 

Chagos Grp. .57 3 

Dcsertas . 

40 T ' 

New Guinea 168 4 

Desire, Port . 

140 4 

Danger Pt. 


Des Lacs Is. . 

166 4 

Australia. 

98 2 

Desolado C. . 

147 3 

Cape Colony 46 3 

Desolation C. 


Celebes . 

^83 3 

Davi.s’ Strait 115 3 

Dangerous 


S. America 

143 2 j 

— Rf. 

94 3 

Despair Rk. . 

141 3 1 

— Bk. 

113 4 

Destri'llo de 


Dantzig . 

12 3 

Malliada 

21 3 

Daniel I. . . 

111 I 

Detiiched Uf. . 

101 I 

— Is. 

172 4 

Devil Tower . 

1)5 ^ 

Danube . 

34 3 

Devil’s Is. 

137 3 



— Pk. . 

46 3 

Daoud, Ras . 

53 3 

— Pt. . 

115 4 

Dardanells 

34 1 

Dhalac Bk. & I. 

51 3 

Dar el Beida . 

42 2 

Diamond Hajrb. 

60 3 

Darien . 

126 2 

Diamond I. 


Darnley 1. 

102 2 

(Jhagos . 

67 1 

Daros 1. . 

56 3 

Fucrols. . 

6 1 

Dars Hd. 

12 3 

Pegu 

61 2 

Dartmouth 

2 I 

Diamond Rks. 

44 4 

Dartuch C. 

24 4 

Diamond Pt. 


Darwin Pk. . 

146 I 

Bahamas . 

127 1 

■— Port . 

104 2 

Sandwich Is. 170 4 

Dassen 1. 

4G 2 

Sumatra . 

66 4 



Diana Bk. 

102 1 

Datoo Pulo 


~ Pk. 

143 3 



Dibbah . . 

53 3 

China Sea 

66 4 

Diceras Mt. , 

169 2 

Dauphin, Fort 

49 3 





Didi-houa Is. • 

109 I 



Dido 

71 2 

Davoy, Port . 

96 3 

Dictl'enbach Mt. 

153 4 

David Sandbk. 

100 4 

Diego Garcia . 

57 4 

— Shis. . 

47 3 

DiegoUamiruzls.143 a 

David’s, St. . 

3 I 

Diego, San, C. 

143 I 

— Is. 

176 1 





Diego, St. 

148 4 

Davis Strait . 

115 3 

Diepiie . 

18 2 

Dawhaide 

154 2 

Digby C. 

68 2 

J>awson Is. 

172 3 

Digges Is. 

118 2 

— 

167 4 

Digue, La, 1. . 

57 I 

Day I. . 

165 4 

Dile Pt. . 

76 4 

Dayagan Pt. , 

76 z 

Dihan I. 

76 4 

Daylight I’t. . 

169 z 

Dillon B. 

163 4 

Deadmuu 

2 1 

DilJy Mt. 

59 2 

— I. . 

121 4 



Deal I. . 

96 I 

Dinding, Pulo . 

62 2 

Dean I. . 

155 4 

Dino 1. . 

27 I 



Diogo 

77 3 

Deblois I. 

168 2 

Diomede Is. . 

15.8 2 

Deboyne Is. . 

167 4 

Dirk Hurtogs 1. 

92 3 

Deception 1. . 

141 4 

Direction C. . 

100 z 

Deefow Pt. 

132 4 

Direction I. 


Deer I. . 

82 4 

liidiun Ocean 58 3 

Defence Fort . 

8K 4 

Sumatra . 

66 4 

Degerando C. 

97 I 

Disappointment 

Ilelagoa B. 

47 z 

C.149 3 

Delanibre I. . 

106 z 

Disappointment I. 

Delgada . 

41 I 

N. Pacific. 

171 3 

— Pt. . 

140 3 ! 

S. Pacitic . 

163 3 

Delgado C. 

48 2 

Disappointiut 18.154 2 

Delhi R. 

66 4 

Disaster 1. 

112 I 

Deliverance C. 

167 3 

Disco 1. . 

115 3 

Deliverance C. 

& 

Discovery Bks 

65 4 

1. 

92 1 1 

— Port 

140 3 

Dellys 

39 3 

Discovery Hr. 

116 I 

Delisle de la Croy- 

— Rf. 


6re C. . 

114 1 

N.W. of Borneo 69 3 

Delphi Mt. . 

33 2 

Paracels 

71 I 

DemeraraR. . 

137 2 

Dislocation Har. 143 3 

Denis C. 

167 3 

DisraeUMt. . 

168 1 

Denis I. 


Diu Hd. . 

58 3 

1 Low Archip. 163 3 

Divis Mt. 

10 I 

Seychelles 

67 2 

Division Mt. . 

146 2 

Denis, St. 

58 I 

Divy Pt. . 

60 2 

Denmark 

11 4 

Dix Cove 

44 1 

D’Eiitrecast. Is 

167 4 

Djimaja I. 

67 2 

— Pt. 93 I 

Doa, Pulo 

63 4 

— Rf. 163 3 

Dobbo H. 

88 2 

De Peyster Is. 

159 I 

Doboy Sound . 

126 2 

Depuch 1. 

106 2 

Docan,^Pulo . 

66 2 

Deques . 

77 3 

Doc Can . 

81 I 

Derby C. 

153 1 

DoddL . 

78 2 


Dog I. 


Banda Sea 

81 » 

Florida . 

132 1 

W. Indies 

130 4 

Dog Rks. 

128 1 

Dolgol Noss . 

13 2 

Dollabarats Shi. 

41 1 

Dolphin Hd. 


Brit. Honduras 134 1 

Jamaica 

129 1 

Domairah I. . 

51 2 

Doinar, Pulo . 

H7 t 

Domea . 

70 1 

Domesness 

12 4 

Domingo, St. . 

130 1 

— Cayl27 1 

-- I. 

129 2 

Domingo, San 

77 3 

Dominica 


Leeward Is. 

131 3 

Marquesas 

156 2 

Don C. . 

104 I 

Donaghadee . 

10 I 

Dotida C. 

83 1 

Dondra Hd. . 

59 4 

1 lonegal 

9 3 

Donkin C. 

46 2 

Donnington C. 

94 3 

Doobclloo 

81 3 

Dorchester C. 

118 3 

Dorei, Port 

169 I 

Doro C. . 

33 2 

Dorre I. 

92 2 

Dorset C. 

118 2 

Dos Hermanos 

78 3 

Double Mt. , 

98 4 

Double 1. 


A ustralia . 

98 t 

G. of Martaban 6 1 3 

Torres Str. 

102 1 

Double Peak . 

74 3 

— I. 

72 4 

Double Pt. 

99 3 

Doubt Rk. 

50 3 

Doubtful B. . 

105 I 

~ Harb. 

106 4 

— I. . 

155 2 

— Is. . 

93 Z 

Douglas . 

3 4 

— C. . 

151 4 

— I. 

171 4 

— Is. . 

93 4 

— Town 

121 2 

Dourga Strait 

92 I 

J>ouw, Pulo . 

87 2 

Dove I. . 

102 3 

Dover 

1 2 

— Pt. 

93 4 

Down’s Pt. 

114 1 

Downpatrick . 

10 1 

— Hd. 9 i 

Dowsing, Inner 

7 3 

Doyle . . 

19 I 

— Rf. 

121 4 

Dragomesti Bay 

31 2 

Dragon’s Mouth 

137 1 

Dragotiera 1. . 

24 4 

Drapano C. 

33 4 

Draper’s I. 

93 3 

Drogheda 

to 1 

Dromedary Mt. 

97 4 

Druid Shi. 

136 I 

Drummond I. 

162 2 

— Pt. 

94 1 

Dry Sands 

99 3 

Dryander Mt. 

99 z 

Du Bouchage I. 

165 4 

Du Four Rk. . 

20 I 

Dublin . 

10 2 

Dubus Fort . 

91 4 

Ducato C. 

31 1 

Ducie 1. . 

164 1 

Dudgeon Lt. . 

7 3 

Dudley DiggesC. 1 16 4 

Dufaure 1. 

168 I 

Duff Is. . 

164 3 

DuhfBrtach Rk. 

4 1 

Duke ofGloae.Ia. 166 { 
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DnkeofYor^l. 157 i 
Ditlce O. . 147 t 
— /R. . 134 I 

Dulcigno . 30 } 

Dumali Pt. . 76 x 

Oumaranl. . 75 4 

DumpUnRHlll 124 4 
Dunart: Hd. . 9 4 

Dmibar . . 64 

Duucaa Is. . 102 4 

Puncannon Fort 10 3 
Diinoansby Hd. 4 4 
Diindallc . 10 1 


Oundas C. 


Melville T. 

116 a 

New Orkneys 141 3 

Dundas Is. 

.50 3 

Dundee . 

6 4 

— Rk. . 

143 4 

Dungarvan 

10 3 

Dungeness Lt. 

1 a 

— Rf.&1.102 3 

Dunk I. . 

99 3 

Dunkins Rf. . 

173 4 

Dunkirk 

10 4 

Dunmore 

10 3 

Dunnet Hd. . 

4 4 

Dunvegan Hd. 

4 3 

Duperre C. 

168 X 

Duperrey I. . 

168 3 

— Is. . 

173 3 

Duportail Is. . 

166 3 

Durand Rf. 

162 4 

Durazzo . 

30 3 

Durnford Noss 

49 a 


Uurnford Pt. 

N.W. Africa 42 3 
S. Africa . 47 i 

Durriford, Port 50 3 
0. Duroch . 118 j 
Dnroiir T. . 167 i 
D’Urvjlle 1. 

Caroline Is. 174 1 
New (luinea lOS x 
New Zealand 107 4 


D’Crville Pt. . 

168 3 

Dusky B. 

106 4 

Dussejour C. . 

104 3 

Diiytheii Pt. . 

102 4 

Dwaulderl. . 

82 1 

Dwarka . 

.58 3 

Dyer’s C. 

1 17 4 

Dzizia 

160 3 

Eagle Harb. . 

120 4 

Eagle T. 


Almirant 

56 3 

Australia 

100 I 

Ireland . 

9 X 

Eagle Is. 


Chagos 

57 3 

Eartholms 

15 I 

East C. 


Madagascar 

49 z 

New/eciland 108 x 

East 1 'omino . 

66 Z 

— Main Fort 

119 z 

Easter Grp. . 

92 3 

— I . 

154 1 

Eastern Fields 

102 Z 

Easy, Port 

107 I 

Ebrilles Rf. . 

154 z 

Ebro R. . 

23 X 


Eeiiiciuior Is. . 167 z 
Echo Ilk. . 105 4 

Eclipse Hr. . 110 3 
Eclipse Ts. . 93 1 

Eddom Sheikh I. 51 3 
Eddystone Lt. 2 i 
- Pt. 97 I 
Eddystone Rk. 

F.tlkland la. 142 2 
SuluDiun la. 165 i 
Edfiii . 97 4 

— I. . . 169 3 

- Mt. . 153 3 

Rdgai . Port • 142 X 


Edgecumbe C. 

151 z 

— 1. 

164 X 

— Mt. 

108 3 

Edinburgh 

6 4 

Edb;to Inlet . 

126 1 

Ee-ki-mah 

109 4 

Een Is. . 

91 1 

Egg Harb. 

12.5 X 

— I. . 

125 z 

— & Royal Is. 

127 X 

Eggrund . 

14 3 

Egina I. . 

32 X 

Egmont . 

11 X 

— C. . 

107 4 

— Cay . 

132 f 

— I. 

155 I 

— Is. . 

57 3 

— Mt. . 

107 4 

— Port 

142 z 

Eg.vpt . 

38 Z 

Eider 

1 

Kigiit Feet Rk. 

73 z 

Eiineo 1. 

156 T 

Kkarma I. 

113 z 

Ekholrn . 

13 I 

Elagbin Chan. 

13 X 

Elatu Is. 

174 3 

— Mt. 

31 I 

Elba 

26 X 

Elbe 

n 3 

Elbow Cay 

128 1 

— Cays . 

126 4 

Eldad Kf. 

69 3 

Elena, St., Pt. 

147 3 

— Port 

140 3 

Elephant 11. . 
Elephant L. 

45 4 

S. Africa . 

47 Z 

S. Khetlands 141 3 
Elei)hant Pt. 

Bengal 

60 4 

Ceylon 

59 4 

G . of .Martaban 61 x 

Now Guinea 

168 3 

Elephant Klc. . 

59 4 

Eleuthcra 1. . 

127 I 

Elias, St. Mt. . 

151 3 

Klicalpeni Bk. 

55 3 

Eliot Mt. 

99 3 

Eliott, Lady, I. 

98 3 

Eliza Rf. 
Elizabeth C. 

101 X 

Maine, U.S. 

123 4 

Russ. Arner. 151 4 

Sagaliti 
Elizabeth I. 

114 I 

Admiralty Is. 167 i 

Marshall Is. 

173 I 

Society Is. 

1.55 4 

S. Pacific . 

154 I 

El Kraan 

54 I 

Ellen Shi. 

67 I 

Ellice Is. 

159 1 

Ellis B. . 

121 X 

Ehnina . 

Elmo, St. 

44 1 

Low Archip. 165 4 

Malta 

28 X 

Elmore Is. 
Kiphinstone 

173 I 

— Rk. 

67 z 

Elsineur 

12 2 

Emharbaken C. 

169 1 

Knibleton 

65 z 

Eimieii . . 

n 3 

Eineneb C. 

34 3 

Emerald I. 

51 4 

Emory Pt. 

104 z 

Emu 11. . 

97 2 

Elide H. . 

86 4 

ICndeavour R. 
Endeavour Rf. 

99 4 

Australia 

99 4 

Bass Strait 

96 1 

Knderbnry I. , 
Knderhy I. 

157 3 

Australia 

106 X 

S. Pacific . 

153 3 

Fnderby Is. , 

174 X 


Bnderby’s Land 58 i 
Endemio . 112 4 
BndyniionRk. 127 4 
Kngano C. 

Ind. Archip. 77 i 
St. Domingo 129 x 
Engario I. 


New Guinea 16H 4 

Sumatra . 

64 2 

Engelholin 

15 z 

England . 

I I 

Pulo 

90 I 

En^efleld C. . 

116 4 


Ratfin’snay 117 3 
Englihh Ilk. 

G . of Mexico 1.33 3 


River Plate 140 f 


English Harb. 

131 2 

— R. . 

47 2 

Eng. Coinp.’s T.s. 

103 3 

Eng. &Wel. Gi'iids. 2 4 

Enos 

33 4 

Enrage C. 

123 I 

Enskar Beac. 

14 4 

— Lt. . 

13 4 

Entrada Pt. . 

148 3 

Entry Bk. 

106 3 

Entry I. 


Magdalen Is. 

121 4 

New Zealand 108 i 

Eoa 1. 

159 3 

Euurupig Is. . 

174 4 

Erandza I. 

48 4 

ISrebus Mt. 

142 1 

I'-regup . 

172 4 

Ereidi 

34 X 

Eri.s Kay I. 

5 1 

Ernest I. 

107 1 

— Mt. . 

102 4 

Eroob 

102 2 

Errakong I. . 

175 x 

Erris Hd. 

9 X 

EiToinango I. 

163 4 

Erronan I. 

1G3 3 

Escala, T.a 

23 X 

Escape Pt. 

105 X 

Escarseo Pt. 


Citmana . 

13-. 5 

Mindoro . 

76 z 

Kschholtz Is. . 

173 2 

Escoinhrera I. 

22 4 

Escudo 1 . 

1.35 2 

Escuinenac Pt. 

121 3 

E^ha Ness Skerry 6 i 

Eskimnux C. . 

119 X 

Esky Adalia . 

37 2 

Esmeralda ll. 

146 4 

Espad'i Pt. 

136 1 

Espanola Pt. . 

146 3 

Espardell I. . 

24 3 

Espenberg C. . 

153 X 

Esperance B. 

93 3 

— C. 

165 I 

— Rk. 

1.56 4 

Espichel C. 

22 X 

EK>piritu Santo 0.139 x 

— C. 

78 4 

— I. 

164 X 

— Is. 

148 3 

Esprit, St. Is. . 

67 I 

•— Shi. 

71 2 

Esquimault Har. 150 i 

Essequibo R. . 

137 2 

Essingtim, Port 

103 4 

Kstaca Pt. 

21 z 

Esteiras C 

44 3 

Estepona 

22 z 

Estevan, San . 

144 X 

Estrella B. 

165 I 

Etal Ls. . 

173 4 

Etang Harb. . 

123 z 

Etaplcs . 

In z 

Etches, Port . 

151 3 

Eten Hill 

146 X 

Etna Mt. 

27 3 

Etoile I. 

56 3 

Eufemia, St. . 

27 1 


Eunieh . 

36 X 

Europa I. . 

49 1 

— Pt. 

22 z 

Europe 8hl. . 

67 I 

Eiirotas R. 

31 4 

Eustatius, St. . 

131 I 

Evangelists . 

143 3 

Evening Rf. . 

92 3 

Kveqne Pt. 

15;i 4 

Exmuuth 

1 4 

— G. . 

106 3 

Exploring Is. . 

160 4 

E.vuina I. 

127 I 

E.ve L 

91 I 

Eyemouth 

7 I 

Eyries Mt. 

168 2 

Facile Harb. . 

106 4 

Facing I. 

98 4 

Faero Is. 

6 X 

Fair C. . 

100 2 

— P’oreland 

17 3 

— Hd. 

9 4 

— I. . 

6 4 

Fairfax Mt. . 

92 4 

Fail-lie Rk. . 

65 X 

Fairway Rk. 


Rus.s. Amer. 1.53 x 

Fail-weather C. & Mt. 

Patagonia 

142 3 

R11S.S. Amer. 

151 3 

Fairy Q,ueen . 

70 I 

Faiti 

155 1 

Faka’afo 

157 X 

F.ak Ue.herg 

12 I 

Falcon C. 


M a! cares . 

24 3 

Morocco . 

39 3 

Fal'-one O. 

25 X 

Falijonera I, . 

32 I 

Falkcnbei-g 

15 X 

Falkland Is. . 

142 X 

Fall 1. . 

73 2 

KalLsUar . 

14 1 

Falmouth 

2 2 

— Bank 

76 I 

— Harb. 129 I 

Falxe C. 


Africa 

42 3 

C. Horn 

143 I 

Honduras C. 

134 3 

Sierra Leone 

43 2 

St. Domingo 130 x 

False Pt. 

60 3 

Falstcrho Lt. . 

15 X 

Faluli) Bre.'ikers 

4.3 X 

Fam.igouf'ta . 

38 X 

Famine, Port 

142 4 

Kanadik I. 

174 2 

Fttiiafute U. . 

159 X 

Fanantara 

49 2 

Fanai- Boumou 

34 2 

Fanfoue 1. 

158 3 

Fannct Pt. 

9 1 

Fanning Hd. . 

142 2 

— I. . 

170 X 

Fanny Shi. 

69 3 

Faiio I. . 

30 4 

— Lt. 

29 2 

Fanoualei 

160 X 

Farallon de Mo- 


dinilla 

172 I 

Farallon Suclo 

135 3 

Furallones 

149 I 

— Pt. 

147 4 

Farewell C. 


Davis St. . 

115 3 

New Zealand 106 3 

Farewell I. 

161 I 

Farilhoens 

21 4 

Fame I. . 

7 I 

Faro 1. 


Medit. . 

27 S 

Sweden . 

14 4 

Faro Mt. 

21 X 

Far-out Hd. , 

4 4 

Farquhar 0. . 

92 Z 

Grp. 

lot 4 


Farquhar Ii. • 56 4 

Farroilep la. . 174 } 
Farsah, Ras . 56 t 

Farsey . ► 64 I 

Fartak C. . 63 a 

Fastnet Rk. . 8 3 

Futaka . 162 1 
Katchiou I. . Ill 3 
Fatou-hiva . 166 * 
Fatsizio . . 112 3 

Favignana . 27 4 

Favourite Shi. 101 a 
Fayal . 40 4 

Fayeou, East I. 174 I 
— West I. 174 3 
Fead Is. . . 165 4 

Fear C. . . 126 T 

February Pt. . 106 4 

Fecamp . . 18 a 

Federal Pt. . 1 26 l 

Feedjee Is. . 160 f 
Felalisso I. . 174 4 
Pelicudi I. . 27 a 

Pelipe.San, Cays 128 3 
— Pt. 148 a 


Felix C. 


Arctic Oo. 

116 4 

Sumatra . 

63 3 

Felix Harb. . 

116 3 

— St. I. . 

15 -2 4 

Feluk, Has 

51 1 

Fenerive 

49 2 

Fer Pt. au 

132 3 

Fermo . 

29 1 

Fernando Noron 

. 45 I 

Po . 

44 3 

— San 

1.32 4 

— — Pt. 76 4 

— St. Fo, 

134 I 

Perrajo, Porto 

26 2 

Ferraria Pt. . 

41 1 

Korrat C. 

39 3 

Ferrato C. 

25 X 

Ferriei-’a Bk. . 

101 ! 

Ferro C. 

25 3 

Ferro 1. 


Algiers . 

39 « 

Canaries . 

40 3 

Fcrrol 

21 2 

— B. 

146 X 

Feti.sh Town . 

45 X 

Fellah I. 

5 4 

Fetuu-hougo . 

156 z 

Keys 1. . 

174 4 

Fianoria . 

29 3 

Fi.-ld 1. . 

104 I 

Fifencss . 

6 4 

Figari 0. 

25 2 

Figo Mt. 

22 1 

Figneira . 

21 4 

— I. . 

139 3 

Figiiier C. 

20 4 

Fiji la. . 

160 1 

Filsand . 

12 4 

Finale 

24 2 

Finger Pk. . 

99 4 

Finisterre C. . 

21 3 

Finland G. 

13 1 

Firingrund 

14 3 

Flnocchiarola 

25 4 

Fiorentina 

25 4 

Fiorenza, St. . 

25 3 

First Point 

66 3 

— 1. 

65 I 

Fisher C. 

118 4 

Fisher’s I. 


Pescadores 

74 1 

S. Pacific 

166 1 

Fisher’s R 

47 1 

Fisherman’s Is. 

73 4 

Fitfiel Hd. . 

6 t 

Fitz Roy I. • 

99 4 

— R. . 

105 X 

Flume 

29 1 

Fiumicino 

26 1 

Five Fathom Ho. 1 19 1 

Five Fingers . 

106 4 
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Five Fathom Shi. 120 x 
Five Mile Ft. . 125 l 
PJaderaff. Gt. I. 14 i 
Kladda Chuau 4 4 
Fladstrand . 11 4 

Klainbui'ough Hd. 7 x 
Fluinoiico . 145 i 


Flannen Is. 

6 X 

Flat 1. 


Australia . 

98 4 

Natuiias . 

67 X 

New Zealand 108 3 

Sumbawa . 

86 I 

Flut Is. . . 

63 4 

Flat Pt. 


Borneo 

82 f 

Ceram 

89 I 

New Zealand 108 i 

Sumatra . 

64 3 

Flat Rk. . 

63 I 

Flatholm 1. 

2 4 

Flattery C. 


Australia 

100 I 

N. Ainer. 

149 3 

Flaxman I. 

117 X 

Flechas Pt. 

80 X 

Fleetwood 

3 3 

Flekkero I. 

15 4 

Klensburg 

12 I 

Flesh. Pt. 

46 4 

Fleurieu C. 

165 X 

Flinders G.&Gr. 100 x 

— Eritr. 

101 X 

Flinders I. 


Australia 

94 X 

Furneaux 

96 1 

Flinders Pt. . 

97 z 

— Shi. , 

100 4 

Flint I. . 

167 1 

Florence 

26 1 

Flores Ud. . 

87 I 

Flores 1. 


Azores 

40 4 

Ind. Archip. 

86 4 

R. Plate . 

140 1 

Florida C. 

126 3 

Flotte, C. de . 

163 1 

Flushing . 

11 I 

Fluted C. 

96 4 

Fly Kntr. 

101 2 

Klyiiig-tisli Shi. 

161 4 

Foerdur Lt. 

15 3 

Fugu 1. 


C. Verd Is. 

41 4 

E. Africa . 

47 3 

Fogo Pk. 

42 2 

Fohou 1. 

89 4 

Fokai Pt. 

71 4 

Foieio Pt. 

136 4 

Folk stone 

1 2 

Fong Is. 

49 2 

Fonoue-Foua . 

159 4 

Fun lane C. 

34 3 

F ootak. 

49 3 

Footoona 

163 3 

Foquet I. 

57 3 

Foradada 

24 3 

Forbes Is. 

100 2 

Forcados R. . 

44 2 

Ford C. . 

104 2 

Foreland N. . 

1 I 

— 8. . 

I 2 

— Is. 

73 I 

Forenas . . 

12 1 

Forester I. 

166 4 

Formby Lt. . 

3 z,3 

Pormentera I. 

24 X 


Fonnentnn C. ‘24 4 
Formica di Bura. 2G j 
Fprmiche . 26 x 

tbrmigas . 41 i 

— Shi. 129 4, 

Formosa G. . 44 x* 

- T. . 74 2 

— Mt. . 6-2 j 

Fornolles, Port 24 4 

K<'rrest C. . 91 2 

ForroMter’s I. . 161 % 

Foi*tb snl. . 68 4 

Foftiaedl. . 59 2 


Fortune Bk. • 

66 

4 

Fortune 1. 



Philippines 

76 

3 

Fortune, Little, 



Ceram 

88 

3 

Sunda Strait 

; 64 

3 

Foster Mt. 

141 

4 

— Port . 

141 

4 

Foul I. 



Aracan . 

61 

I 

N. Sea . 

6 

1 

Foul Pt. 



Ceylon 

60 

1 

New Guinea 

, 91 

3 

Foule Pt 

49 

2 

Foul weather C. 

149 

2 

Foul wind C. . 

106 

4 

Fourchu C. 

122 

4 

Fourcroy C. . 

104 

2 

Fourni Is. 

35 

4 

Four Crowns 



Austral Is. 

157 

3 

Four Sisters . 

73 

4 

Foutouna 

159 

I 

Fowey . , 

2 

I 

Fowler Pt. 

94 

I 

Fox is. . 

167 

4 

Fox’s Shi. 

82 

I 

Foze Rk. 

8 

4 

Fran^ais C. . 

129 

3 

Francavilla . 

29 


France . 

18 

3 

Francis C. 

58 

2 

— Is. 

162 

2 

Francis, St. C. 



C. Colony 

46 

4 

Newfoundld. 120 

2 

Francis, St. 1. 

56 

3 

— Is. 

94 


Francisco de 



Paulo C. 

141 

I 

Francisco de So« 



lano C. 

147 

1 

Francisco, St. . 

140 

1 

— C. 

145 

2 

— 1. 

139 

4 

— R. 

138 

4 

Frank’s I. 

132 

3 

Frankland C. . 

96 

I 

~ Is. 

99 

4 

Franklin C. .J17i, 

3 

— Is. . 

94 

I 

— Pt. . 

116 

4 

Kra.=!ca C. 

25 

I 

Fraserburgh . 

6 

3 

Fratelli . 

39 


Krayle Rk. 

130 

I 

Frederic Hendric 


Rks. . 

65 

2 

Frederick Henry 


1. 

92 

1 

Frederick Pt. 

151 

X 

— Kk. 

61} 

2 

— Shi. 

101 

3 

Fredericksh:ill 

15 

3 

Frederickshainm 13 

3 

Froilerikstadt 

15 

3 

Freds 0. 

120 

I 

Freeinantle . 

92 

4 

Freetown 

43 

2 

Freewill Is. . 

176 

I 

Fiehel C. 

19 

3 

Frejus 

24 

I 

French Frig, Shl.l7i 

I 

— Shi. . 

57 

2 

Frenchinan’sRk.130 

3 

Frescas I. 

137 

4 

Freshwater B. 



Galapagos 

169 

2 

New Guinea 

91 

4 

Palawan . 

75 

2 

Freycinet Grp. 

105 

I 

Friar 1. . 

♦6 

3 

Friar’s Hood . 

o9 

4 

— Rks. . 

45 

4 

Friars, Two . 

96 

4 

Friendly Blulf 

73 

3j 


Friendship C. 165 3 
— I. 69 X 
Frigate I. 

Cargados 57 4 
Seychelles 57 i 
Frindsbury Kf. 164 3 
Frio C. 

Brazil . 139 I 

W. Africa 45 4 
Frovvai*d C- . 142 4 

Frozen Cay . 127 x 

Kuencaliente . 40 3 

Fuengiro . 22 x 

Fucnterabia . 20 4 

Fuerte I . 136 3 
Fuerteventura 40 2 
Kuga . . 77 1 

Fuglbo . . 15 4 

Fugloel.& Skerry 6 i 


Fuh-yaou I. . 

72 4 

Fulanga I. . 

160 2 

Fiilehuk Lt. . 

15 J 

Funchal . 

40 I 

Fumly B. 

122 2 

Funk I. . 

119 4 

Furnoaux 1. . 

155 2 

— Is. . 

96 1 

Fury Pt. 

116 3 

ULiinn I. 

1 

■ tabbard . 

8 I 

( rJib a Mt. 

139 2 

irubiniere 

24 J 

Gable C. . 

108 2 

Gabo T. . 

97 1 

(baboon R. 

44 3 

Gabriel, San. T. 

167 1 


Gad Amaze Rfs. 52 3 


Gadd Lt. 

14 

2 

Ga«ld’.s Rk. 

77 

3 

Ga<isdeu’s Pt. 

132 

1 

Gaeta 

26 

3 

Gafrani Is. 

36 

3 

Gag 

91 

2 

Gagliano 

28 

3 

Gagy 

91 

2 

Gaidaro I. 

36 

1 

— Rk. 

33 2, 

>3 

GaJOf Port 

30 

4 

Galantry Pt. 

120 

3 

(ialapagos Is. 

169 

2 

Galatro Mt. 

24 

4 

Galeuta Pt. 

137 


Gulera Pt. 



Chile 

144 

2 

Colombia 

146 

4 


New Grenada 135 4 


Trinidad . 

136 4 

Galera, Port 

147 4 

(ialeta Pt. 

90 I 

Ga iola Rk. . 

29 4 

(Lilion 1. 

84 4 

Galita 1. 

39 1 

Gallant, Port . 

142 4 

Galle, Ft. de . 

59 4 

Gallegos C. 

144 I 

— Port 

142 3 

Gallen lid. 

5 2 

Galley Hd. . 

10 4 

Gain Rks. 

27 I 

Gallinara I. . 

24 2 

GalUnas Pt. . 

136 I 

— R. . 

43 3 

Gallipoli 

Naples 

28 3 

Turkey . 

34 1 

Gallo C. 

31 4 

— di . 

28 1 


Galloper . 8 i 

(ialloway. Mull of 4 l 
G along B. . 70 4 

Galveston B. and 
I. . 132 3 

Galvez Port . 144 3 
Galway . . 9 i 

Gainaley C. . 112 3 
Gambia R. . 42 4 

Gambler .Mt. . 95 % 


Gambler’s Is. 

Australia . 94 3 

Low Archip. 164 z 
Gambroon . 64 4 

Gainla Carleby 14 1 
Gammon Pt. . 124 3 

Gamova 0. . 113 3 

Ganges’ Bk. , 57 3 

— R. .69 3,4 
Ganjam . . 60 3 

Gannetl. . 109 3 
Gannet Rk. 


Maine, U.S. 

123 2 

Nova Scotia 122 4 

Gantlieauine . 

92 3 

— Pt. 

106 1 

Gap I. . 

75 4 

— Rk. . 

67 I 

Garden B. 

169 2 

— I. 

92 4 

Gardner I. 

Galapagos 

169 X 

Now Ireland 166 l 

N. Pacific 

171 I 

S. Pacific 

157 3 

Gardner Mt. . 

93 X 

Garnet I. 

168 X 

Garoupe C. 

24 I 

Garret Denys 

165 4 

Garru I. 

54 2 

Garry C. 

116 3 

Gaspar I. & St. 

65 3 

— Rico . 

172 2 

Gaspc C. 

121 2 

Gasses Pulo , 

89 2 

Gata C. . 

22 3 

Gatcombe Hd. 

98 4 

Gato, 1. del 

79 1 

Gatto C. 

38 1 

Gay Ud. 

Gaya, Pulo 

124 3 

Borneo, N E, 

81 3 

— N.W. 75 I 

Geby 

89 4 

Gcclvink C. . 

168 3 

Gctle 

14 3 


Gennargentu Mt. 25 2 
Genoa . . 25 4 

— G. . 24 2 


Genoves, Port 

22 3 

Gente Herinusa 

157 2 

Geographe Rk. 

93 I 

— Shis. 

106 2 

Geology Pt. 

142 I 

George and Aber- 

crumble 

69 I 

George Cay . 

134 2 

George Fort 

Prince Edw. 1. 121 3 

Scotland 

6 2 

George 1. 

142 3 

George IV., Port 105 i 
George, St. 

Brazil 

138 4 

Grenada . 

131 4 

Ionian is. . 

31 I 

George, St. C. 

Australia . 

97 4 

Cape Breton 

122 2 

Indian Ocean 

58 2 

Newfoundld. 

120 3 

New Ireland 

166 1 

George, St. I. 

Azores 

40 4 

Florida 

132 I 

India 

59 I 

Mozamb. . 

47 4 

Russ. Amer. 

152 4 

Solomon Is. 

165 I 

George, St. Pt. 

149 2 


Shis. 124 2 


Geo.St.d’Arbor.1.32 2 
George Town 
' Brit. Guiana 137 x 
Malacca 8t. 62 z 

8 Carolina 126 i 
VaiiDiem. La. 97 x 
George Town H. 126 x 


Georgia L 

146 1 

— 8. . 

141 a 

— U.S. . 

126 a 

Georgio,St.,Port 30 > 

Gepirhuk 

17 4 

Ocrlah Pt, 

69 f 

Germain, St. . 

19 2 

Geroninio,San,1. 148 4 

Oerran . 

2 I 

Gervaise C. 

]63 I 

Ghiir, Ras al . 

54 2 

Gharah I. 

38 3 

Gliarib, Ras . 

62 I 

Ghelei\}ik 

35 1 

Ghir C. . 

42 X 

Giant's Causeway 9 4 

Gianuti 1. 

26 3 

Gibbon’s Mt. . 

50 3 

Gibraltar 

22 2 

Giedscrodde . 

12 X 

Giens 

‘23 4 

Gigantangan 1. 

79 1 

Gigantes Is. . 

79 3 

Giglio I. 

26 3 

Gilbert Archip. 

162 3 

— 1. 

168 2 

Gilles sur Vie 

20 2 

Gillman C. 

116 X 

Gilulu 

89 4 

Ginger I. 

130 4 

Gioja 

27 1 

Giorgio, St., Mt. 

3U 4 

Giourapoulo . 

33 3 

Gipps’ Rf. 

166 4 

Giraglia I. 

25 3 

Girdle ness 

<> S 

Girgenti 

27 3 

G laretiza C. . 

31 3 

Glasgow . 

4 2 

— Port . 

4 X 

Glatton’s Rk. . 

90 4 

Gleiiun Is. . 

19 4 

Gleiielg . 

95 1 

Glennie Is. 

95 3 

Glorioso I. 

49 4 

Glosholm Lt. . 
Gloucester C. 

la 3 

Australia 

99 X 

New Britain 

16(> 3 

S. Pacific 

I6(* 4 

Tierrad.Fuegol43 2 
Gloucester 1. 

Australia . 

99 2 

Low Archip. 

156 I 

Gloucester Shi. 

6C 2 

Gloup Uidin . 

5 i 

Glover Rf. 

134 1 

(iluckstadt . 

11 4 

Goa 

5‘J 1 

Goupnauth Ft. 
Goat 1. 

58 3 

Mass. U.S. 

123 4 

Philippines 

76 J 

GoazacualcosUarl33 1 

Gobernador Mt. 

144 4 

Godeim, Ras . 

54 4 

Godrevy 1. 

2 i 

Goede Hoop C. 

169 2 

Goedereede . 

11 I 

Gogah 

68 4 

Golconda Rf. . 

80 5 

Gold Coast 

4t 1 

Golden Mt. 

63 2 

Golduwn’s Bi. K 

,. 47 2 

Gulcta 

3t* I 

Gollunsier 

51 1 

Golovatcheif C. 

114 I 

Goluvine B. . 

153 1 

Gomany, Ras . 

50 2 

Gumenitza 

3U 3 

Gomera . 

40 3 

Gumona 

89 2 

Gonaive 1. 

1‘29 4 

Goiiaives 

129 3 

Gonzales Hd. « 
Good Hope C. 

144 a 

Africa 

46 3 

China * 

n i 



INDEX TO THE MARITIME POSITIONS, 


887 


Jhod Hope 1. 

Low Archlp. 154 4 
8. Pacific . 158 a 
Good success B. 

AC. . . 143 1 

Ooodenough I. 167 4 
GkKxlnian I. . 165 4 
Goodwill. . 1 1 

Goold I. . . 99 } 

Ooonung Api 

Bauda Is. 88 3 
Flores Sea 86 4 
Goonung Loose 63 1 
— Marass 65 x 


Goose I. 

Connecticut 125 i 
Furneauxis. 96 z 

Goram I. . 88 3 

Oorda Cay . 134 3 

OordewarPt. . 60 z 

Gordon Rf. . 160 3 

Gore Pt. . 151 4 
Gore, Port . 107 3 
Goree I. . . 42 4 

Goreloy 1. . 152 3 

Gorgona I. 
Mediterranean 26 i 
Peru . . 146 4 

Goro . . 29 z 

— I. . . 161 z 

Gothland . 14 4 

Gottenburg . 15 z 

Goto Is. . Ill 3 
Gottska Sando 14 4 
Gouap I. . 174 4 

Gough’s I. . 45 z 

Goulburtils. . 103 4 
Gouldiug Cay 127 z 
Govaii’s, St. Head 3 1 
Gower I. . 164 4 

Gracias d Dios C. 134 3 
Ooso I. . . 28 z 


Graciosa 


Azores 

40 4 

Madciras . 

40 z 

Grade 

29 3 

Grafton C. 

99 4 

— I. 

77 3 

Graham Moore C.l 17 4 

Graham’s Shi. 

28 I 

Grain Coast . 

43 3 

Grainger Shi. 

68 4 

Grambousa 1. 

37 2 

Grampus Is. . 

171 z 

G ran Boilo do 


Esperanza . 

128 3 

Gran Sassod’Ital. 29 i 

Grand Duke 


Alexander . 

157 1 

Grand, Le, C. 

93 3 

Grand Manan 

123 Z 

Grand, Port 


Mauritius 

58 I 

Skyros 

33 Z 

Grande I. , 

139 Z 

- Mt. . 

24 Z 

— Pt. . 

145 1 

Grange . 

129 3 

Granltola C. • 

27 4 

Grant Pt. 

95 2 

Granville 

19 z 

Grape Cay 

13.) I 

Grasholm I. . 

3 1 

Grave, Pte. de 

20 4 

Qraveliios 

18 1 

Gravels Pt. . 

129 4 

Gray’s Harb. . 

149 3 

Great Fish B. 

45 4 

— Pt.&R.46 4 

Great 1 . 


8 . Paciio 

153 4 

Spitsbergen 

17 3 

Oroece . 

81 1 

Orten C. 

97 4 


\areeu uay 
Green 1. 

127 z 

Australia . 

99 4 

Calamianes 

75 3 

G. of St.Lawr, 

121 2 

Hudson’s Str. 

118 z 

Nova Scotia 

122 2 

Green Pt. 

46 z 

Greenhill I. . 

104 I 

Greenhithe . 

1 1 

Greenland 

115 2 

GrcLMily Is. &Mt. 94 2 

Greenock , 

4 z 

Greenwich 

1 1 

Grego G. 

38 1 1 

Uiegory C. . 
Clrelg 

149 2 

— I. 

1.56 3 

— Shi. . 

6() 1 

Grekova Rk. . 

13 J 

Grenada 

131 4 

Grcnadeer Huen 

18 1 

Grenville C. . 

100 Z 

— I. . 

162 I 

— Pt. . 

149 3 

Greville Rks. . 

152 1 

Grey C. 

103 2 

— Hook . 

17 z 

— Towm . 

135 I 

Gribbin's lid. 

2 I 

Gribourne 

16 I 

GriefMvaldoe . 

12 3 

Griftln Rks. . 

81 I 

Griffith I. 

116 I 

Grim C. 

90 z 

Grinnicss Ild. 

5 z 

Grimsey 1. 

17 4 

Grisnez C. 

IH I 

Grlvi/za 1. 

29 4 

Groene Is, 

164 3 

Groix, I. do . 

20 I 

Grdn.skai Lt. . 

14 3 

Groote Kylaudt 

103 Z 

Gros C. . 

23 z 

Grosnez C. 

19 1 

Gros.so G. 

31 4 

Grosvenor Shi. 

89 3 

Grottainaro 

29 I 

Gnmin du Cou 

20 3 

Gruesco Pt. . 

145 Z 

Guadalcauar 1. 

165 I 

Guadalupe 1. . 

170 I 

Guadeloupe . 

131 Z 

Guadiana R. . 

22 I 

Guaban 1. 

171 4 

Guaianeco Is. 

143 4 

Guajaba I. 

128 I 

Guam 1. 

171 4 

— 

172 I 

Guanape Hill 

146 Z 

Guatiiea Pt. . 

130 3 

Guantanamo . 

128 4 

Guarae.hina Pt. 

147 I 

Guarapari 

139 I 

Guaratiba Pt. 

1.39 Z 

Guaratuba R. 

139 4 

Guardafui C. 

60 4 

Guardia 1. 

148 2 

Guardian! 1. . 

31 I 

Guarmey B. . 

146 1 

Guascama Pt. 

146 4 

Giiasco, Port . 

144 4 

Guatemala 

135 1 

GuaUilco, Port 

147 4 

Guajraina R. . 

137 I 

Guayaquil 

146 4 

Giiayinas 

148 I 

Guayra, La . 

136 3 

Gueguen R. . 

140 z 

Guei Chew I. 

70 4 

Guerande . 

20 1 

Guerltc Rk. . 

67 z 

Guernsey 

19 I 

Guguanl. 

172 z 

Giiia, Pt. de . 

138 3 

Guiana . 

137 2 

Guilder Rks. . 

62 I 

Guinupao Rks. 

77 1 


Guinchos Cay 137 i 
Guinea G. . 43 z 

Guinouos Pt. . 147 2 
Guizol. . . 165 z 

Gull 

— Rk. . 122 3 
— Stream . 1 2 

Gun (’ay . 127 1 
Gung I. . . 66 1 

Gunner’s Ts. , 137 3 
Gurupi C. . 138 I 
Gut of Canso . 122 z 
GiSfclaff Is. . 74 1 

Guyaquil . 146 4 
Gwa . . 61 I 

GwaielC. . 65 i 

Gwetter . . 55 i 

Uaaiio 1. . 1.59 4 

Haarlem . 11 2 

Habceba Is. . 39 3 

Habile Mt. . 42 l 

Haeha . . 136 l 

Hackluyt’s H. 17 z 
— Is. 116 I 

Haddington Mt. 141 4 
— Port 109 4 
Hadid, Ras . 39 z 

Uae-chow . 110 z 
Haerlem Is. . 168 4 
Hae-taii I. . 72 3 

Hafoon, Uas . 50 4 

Uafringi . 14 4 

HageineLstcr I. 

Low Archip. 155 4 
Ru.ss. Ainer. 152 4 
Hag’s Hd. . 9 I 

Hague . . Ill 

— C. la . 18 4 

Hai-ling-shan I. 71 3 
Hui-niun . 73 z 

Hainan Ud. . 7l i 
— I. . 70 4 

Haipong I. . 7 1 3 

Hakodadl . 112 4 
Halcyon 1. . 172 2 

Haloirnali, Ras 38 z 
Half Aloon Cay 133 4 
— Shi. 69 4 
Half-w'a> ,^Rf. 102 i 
Halgaii I. . 163 i 

Halibut I. . 150 4 
Halifax . . 122 3 


Huliguen, Port 

20 1 

HdU C. . 

151 4 

Hall I. 


Gilbert Arch. 

102 3 

Hudson’s Str, 118 1 

Hall Pt. 

105 I 

Hall, Sir J. Grp. Ill i 

Hallands Waderd 

15 Z 

Hullowell C. . 

117 3 

Hulmstadt 

15 Z 

Halsey I. 

5 4 

Hamburg 

11 4 

Hammamct . 

38 4 

Hammerfest . 

16 3 

Ilatnmond’s I. 

89 Z 

Hamoiid C. 

151 3 

Hampton Fort 

126 1 

Hanalae B. 

no 4 

llaiida I. 

4 4 

Ilangkiip C. . 

46 3 

Hangman Hill, Gt- 2 4 

Haiigo 

1.3 4 

Hannah Shi. . 

82 3 

Hano 1. . 

15 I 

Hanson Pt. 

163 4 

Hantsholmen Pt. 

II 4 

Ilapaee Is. 

169 4 

Haradskar 

14 4 

Harbinger Rks. 

96 3 

Harbr. of Mercy 143 3 

Hardy Pt. 

104 4 

~ Port . 

107 4 

Hardy, Sir C. Is, 


Australia 

100 Z 

S. Pacific 

165 4 

Uare I. . 

115 3 


Haring’s Is. . 81 4 

Uarmoel I. • 61 3 

Uarnish Is. . 52 4 

Haro C. . • 148 z 

Harp 1. 


Now Zealand 109 3 

Harrington . 

34 

Harshall’s Nist. 

n 4 

Hartland Pt. . 

2 3 

UartleptH)! 

7 z 

Hartwell Rf. . 

41 3 

Haruku I. 

89 Z 

Harvey Rks. . 

102 4 

Harvey’s Is. . 

98 4 

Harwich 

8 1 

Hasborough . 

7 4 

Haski I. . 

53 z 

Hastings 

1 3 

— I. . 

85 4 

— Harb. 

61 4 

— Rk. , 

85 X 

Hatteras C. . 

125 4 

Hatton’s Headld. 1 1 8 1 

Uaulbowline I. 

10 4 

llaul-oif Rk. . 

93 z 

Ilaussez Is. 

108 4 

Haute I. 


Maine, U.8. 

123 3 

New Bruns. 

123 I 

Havaii 

159 4 

Havana . 

128 z 

Hav flue 

16 I 

Havre 

18 3 

— C. Lo . 

122 3 

— Rk. . 

156 4 

Hawaii . 

170 z 

Hawk’s Nest . 

127 4 

HawUe B. 

108 Z 

Hiiwke C. 

98 Z 

Hawkeshury I. 

102 4 

Hawkins Rf. . 

IGO 3 

Hay 0. 


Au.stralia . 

104 Z 

Batfin’.s B. 

117 3 

Haycock Hill . 

51 2 

Haycock 1. 


Indian Arch. 75 3 

Philippines 90 3,4 

Xulla Is. . 

89 2 

Haycock Is. . 

67 zl 

Haytien C. 

129 3 

Hazy Is. . 

151 2j 

Heath Pt. 

121 2 

lieaux dc Brchat 19 3 

Heawanduo 1 . 

55 3 

— Pholo65 3 

Hebrides 

6 1 

Hebron .Mission 


Stn. 

119 3 

llcckla Mt. 

18 I 

Hedgehog Mt. 

n 3 

Ueetiiskerk Mt. 

96 2 

Hegadis . 

86 3 

lleiden Is. 

172 3 

Heilhurnet 

16 2 

Hekueru 

154 4 

Hela Lt. . 

12 3 

Helanea I. 

53 X 

11 elder . 

11 Z 

Helen Shi. 

176 I 

Helena, St. 

45 I 

Helc'ia, St. B. 

46 Z 

— Pt. 

146 4 

Helgoland 

11 3 

Holler’s, St. . 

19 I 

Hellyer Rks. . 

144 1 

llelsingborg . 

15 Z 

Helsingfors 

13 3 

Hel.singkall 

14 I 

Ilelvetius C. . 

104 Z 

lielvoetsluys . 

11 I 

IlelwickHd. . 

10 3 

ITendervllIe I. 

162 3 

Ucnlopen C. . 

125 3 

UenriettaMar.C.119 1 


Henry C. 

Anticosti . ISl 5 


Henry C. 


Lousiadei 

167 4 

Virginia 

125 4 

Q. Chari. Is. 161 1 

Henry, Port . 

143 ] 

lienslow 0. , 

166 1 

Henuaka 

153 1 

Heraclea 

35 a 

HeracUa I. 

33 1 

Heraiki . . 

154 4 

Herald I. 

114 4 

Herbert I. , 

110 I 

Uereheretua . 

153 4 

Herekino Road 

109 z 

Herutua 

155 X 

llorgests Rks. 

156 3 

llerm I. 

19 1 

Hormanoa 

136 3 

Hermit I. 

143 I 

Hermit Is. 

167 z 

Herinogenes I. 

151 4 

[ Hermonisi I. , 

32 4 

Herndklubb . 

14 2 

Uemosand 

14 X 

Uerpin Rk. . 

19 a 

Herradura Pt. 

145 I 

Herradura de Co> 

quimbo 

144 4 

Herscbel C. . 

116 4 

— I. . 

117 a 

Hesselo Lt. 

12 1 

Heve C 

18 I 

Heyst 

11 1 

Hiaou 

166 3 

Hibbs Pt. 

% 3 

Hibernia Shi. . 

106 4 

Hicaroii 1. 

147 1 

Hidden 1. 

105 1 

Hierro . 

40 3 

High Brothers 

51 X 

High Clay Pk. 

55 I 

High I. 


Buccaneers . 

105 a 

Hudson Strait 118 1 

New Zealand 

108 3 

S. Pacific . 

162 4 

Highland K. . 

108 3 

Hillock Pt. . 

99 3 

Hillsborough 0. 

99 I 

! Hippa I. . 

151 z 

Hippolite Rk. 

96 4 

llir.shan la. 

73 z 

llirt.shohnen . 

H 4 


Hitchinbroke C. 


C. Breton 1. 122 1 

Russ. Amer. 151 3 

Hitchinbroke L 

151 1 

Hitchinbrook Mt. 99 3 

Iliva-Oa . 

156 z 

Hoa 

153 4 

Hoa-pin-su I. 

109 4 

lioburton 

96 4 

Hobbies 

134 3 

Hoc, Pt. du . 

18 3 

Hodeldah 

62 4 

Hoodie I. 

20 I 

Hog I. , 


Indian Oc. 

58 z 

Java 

84 4 

Hog Is. 

134 z 

— Pt. 

64 3 

— Nose • 

120 1 

Hogan 1. 

95 4 

Hogland 

13 Z 

Hogoleu 

174 I 

Hogsten . 

13 4 

Hogsty Rf. 

127 3 

Hoibraken 

16 z 

Hoievarde 

15 4 

Hokianga llarb. 

109 z 

, Hoiborne 1. . 

99 Z 

Holburn Hd. . 

4 4 

Hole in the Wall 47 i 

Ilollam’s Bird I 

. 46 I 

Holland . 

11 X 

— Bk. 

68 4 

— I. . 

170 X 

Holmes Harb . 

1524 5 
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Bolstoinburg . 

115 3 

Hudson's Strait 

118 I 



James, 8 t. C. 



Holt I. . . 

155 % 

Hue Fo R. 

70 z 

India 

58 \ 

Cochin China 

68 

z 

HoluthuriaShb. 104 } 

HuechucucuyHd.144 z 

Indian Ocean . 

58 I 

Q,. Char. Is. 

161 

1 

Holy I. 

7 1 

Hull 

7 z 

Indian Hd. 


Jan Mayen 1. . 

17 

4 

Holyhctd 

3 % 

— I. . 

1.67 4 

Australia 

98 3 

Jandia Pt. 

40 

z 

Home Is. 

100 Z 

— Is. 

167 z 

Buenos Ayres 140 z 

.Jane 1. . 

173 

4 

-- Rf. 

159 4 

Humboldt B. . 

168 3 

Indian R. 

126 3 

J ane’s 'fab . Land 1 00 

z 

Honden 1. 

154 1 

— B. . 

149 z 

Indigirka R. . 

114 4 

Janena Kdjaya R 

84 

I 

Honduras G. . 

134 Z 

Hummock I. 


Inditi Pt. 

140 z 

Japan Is. 

in 

3 

Honc-Cohe Harb. 68 z 

Furneiiux la. 

96 I 

IiulispensableRf 165 3 

Jaipieinel C. . 

130 

I 

Honfieur 

18 3 

Meia-co-si-mah 

Iruijch B«oi-nou C 36 z 

Jura Hd. 

145 

I 

Hong Kong . 

71 4 

Is. . . 

109 3 

liidtamayu i't. 

84 z 

— I. . 

62 

z 

Honga-Hapai . 

169 3 

1 

\ 


Indrapour Pt. 

z 

Jardinns 



Honomru 

170 4 

Hnmm. of Dreng 64 z 

Indus R. 

58 3 

Cuba 

128 

3 

Hood C. 

92 Z 

Humphrey I. 


Ine la. 

01 ! 

N. Pacific 

172 

z 

Hood 1. 


S. Pacific . 

157 1 

Inez Sta. pt. . 

148 z 

Jarvi« 1. 

156 

3 

Galapagos 

lf.9 z 



Infanta C. 

46 3 

Jashk C. 

54 

4 

LowArchip. 163 3 

Hungry Hill . 

8 3 

Inficrnillo Rk. 

145 3 

Jason Is. 

142 

I 

Marquesas 

156 z 

liunstanton Pt. 

7 3 

Inhambane B. 

47 Z 

Jaubert C. 

106 

1 

Hood Port 


Hunter C. 

166 J 

Inhampura R. 

47 2 

Jaulo 1. . 

78 

I 

Australia 

93 z 

Hunter I. 


Iniue 

158 2 

Java . 64 3 

84 

z 

Kafferland 

47 1 

Marshall Is. 

'73 I 

Inman 0. 

143 2 

Java Hd. 

64 

3 

Hood Port 

122 I 

S. Pacific . 

162 I 

Innis Murray . 

9 Z 

Jean, St., de Lu 2 

20 

4 

Hoo-e-tou Pt. 

72 z 

V. Dieman's L 

. 97 3 

Innisgort 

9 z 

Jtbel Antar . 

62 

z 

Hook Lt. 

10 3 

Hunter, Port 


Innishowen lid. 

9 4 

— Hadid . 

42 

z 



Australia . 

98 I 

Innistrahal 

9 4 

— Kinkcri 

53 

z 

Hope C. 

no I 

S. Pacific . 

166 z 

Inscription C. 

92 3 

— Sarsar . 

42 

1 

Hope 1. 


Hunter t nd Al 


Inspection Hill 

10.3 I 

— Searjan . 

61 

z 

N. Paciflo 

173 3 

batross Is. . 

9.6 4 

Inverarity Shi. 

47 3 

— Soiibah . 

52 

z 

S. Pacific 

162 I 

Hunter’s Rf. . 

174 4 

Inverness 

6 2 

— Teer 

62 

3 

Spitzbergen 

17 3 

Huon Is. 

163 3 

Investigator Rfs. 

60 2,4 

— Thelj 

38 

3 

Hope Pt. 

153 z 

— R. 

96 4 

Inyack C. 

47 z 

— > W.LchumaSl 

4 



Hurd C. 

116 1 

Iona I. 

4 3 

— Za^hwau 

38 

4 

Hope's Adv. C. 

118 Z 

Hurd 1. 


Ionian Is. 

30 4 

— Zoogur I. 

62 

4 

Hopedale 

119 3 

E. Africa 

47 4 

Iphigenia Rks. 

90 4 

Jedderens Kf. 

16 

4 

Hopper I. 

162 z 

8 . Pacific 

162 I 

[psora 

36 4 

.Jei, Has . 

53 

3 

Uoraine Rk. . 

19 3 

Hurst 

1 3 

Ipswich B. 

124 1 

•Telia ( offee , 

44 

I 

Horcon B. 

144 4 

Hvaloo 

10 3 

l(|uiquo . 

146 z 

Jenichesk 

36 

t 

Hor Iladeea . 

,60 4 

Hvalsbak Rk. 

17 4 

Ireland . 

8 2 




Uorniigas Rks. 

146 I 

Hvi«lings<B 

15 4 

Irene C. . 

34 I 

Jerba I. . . 

38 

3 

Horn C. 

143 ! 

U wang-ching-tao 

Iro-o-Sakl 

112 Z 

Jerbourg 

10 


— Hd. 

9 3 

1 . 

no 4 

Irois Fort . 

131 z 

Jericoacoara . 

138 

z 

— I. 

132 z 

Hydra 

32 2 

Iron C. 

87 1 

Jermain C. 

1 18 

4 

— Is. 

84 z 



Irvino 

4 z 






lana R. . 

115 I 

Isaac, Gt., Rk. 

126 4 

Jerninghain Pt. 

108 

I 

— Pt. 

11 4 

lanthe Shi. 

174 Z 

Isabel C . 

143 3 

Jersey 

JO 

1 

Home Is. 

159 I 

Ibayat I. 

77 3 

Isabel 1. 


Jerslioft . 

12 

3 

Horned Hill . 

102 1 

Ibbetson C. . 

149 4 

California 

148 I 

Jerusalem 

37 

4 

Horner Pk. 

111 3 

— Is. . 

172 4 

Solomon Is. 

16.6 I 

Jervis B. 

97 

4 

Homos 

76 3 

Ibo I. 

48 I 

Isabella C. 

116 4 

— C. 

96 

I 

Hornsudde 

14 Z 

ibugos 

77 z 

Isabelle Pt. 

120 3 

— I. . 

102 

4 

Uursburgh Atoll 

.65 4 

Icacos Pt. 


Lschia I, 

26 4 

Jes.sieJJeazlcyRf. 80 

3 

— C. 

•116 I 

(Uiba 

128 Z 

Ishailoh Rks. . 

38 Z 




— I. 

61 4 

Honduras 

134 I 

Isla C . 

136 4 

Jesus Maria I. 

167 

I 

Horse-shoe Rf. 


Tiiiiidad . 

137 I 

Lslaiiiabad R. . 

60 4 

Jewnce, Has. . 

55 

I 

Harrier Rfs. 100 4 

Ice Sound 

17 3 

Islay 

146 3 

Jibsh, Has 

53 

3 

Feejee Is. 

161 z 

Iceland . 

17 4 

Isle of Man 

3 4 

Jiddah 

62 

3 

Horta 

40 4 

IckulakaRf. . 

160 z 

Isle of Wight . 

1 4 

Jigat Pt. 

58 

3 

Botham C. 


ley C. . 

153 z 

Isleta 

40 2 




Arctic Oc. 

IIG r 

Ida Mt. 


Ismid 

34 z 

Jijell 

39 

2 

Australia 

104 I 

Asia Minor 

35 3 

Isolette C. 

53 Z 

Jijgliinsk I. . 

17 

I 

Houa-houa B. 

108 z 

Candia 

36 4 

iasuiigoak Pt, 

115 3 

Jintutolo I. 

70 

3 

Houa-houna . 

166 z 



Itabayana Mts. 

1.38 4 

— 1 . . 

78 

z 

Hougue, La . 

18 4 

Ifelouk Is. 

174 3 

Itaculomi Pt. 

138 I 

Joao, St. I. 

138 

I 

Hout Pt. 

46 1 

IgUolikl. 

118 3 

Italy 

26 Z 

Jobio 1. 

160 

I 

Houtjes B. 

46 z 

lKnaeio, 8 t. I.&P.I48 i 

It.apacoroya Pt. 

130 4 

Johanna . 

49 

4 

Houtman Rks. 

92 3 

Iguape R. 

139 3 

Ithaca 

31 I 

John Baptist Ft. 152 

4 

Howakel I. . 

61 z 

Ihruin Cap 

153 4 

Itoiirup 1. 

11.3 I 

John Pt. 

144 

I 

Howard Shi. . 

67 3 

Ikourangi Mt. 

108 Z 

Itsoumo G. 

112 3 

— Begg Rk. 

140 

I 

Howe, Lord, I. 

101 z 



lujah Pt. 

37 I 

Joim de Nova Is 

56 

4 

— IB. 

164 3 

Ildcfonso Is. 


Ives, St. 

2 3 

John, St. C. 



Howe I. 

156 2 

(California 

148 Z 

Iviza 

24 3 

Africa . 

44 

3 

Howe C. 


Tier.del Fuegol43 z 

Ivory Coast . 

43 4 

('andia 

36 

4 

S. W. Australia 93 1 

Ildcfonso, St. C. 

77 4 



Newfoundland 119 

4 

S. E. Australia 07 3 

Ilfracombe 

2 3 

Jabo C. . 

90 1 

Tier. delFueg. 143 

1 

Howth Bailey Lt 

10 z 

Ilha das Hollas 

44 4 

Jabong Pt. 

66 3 




Uowtha 

63 I 

llha Grande B. 

139 z 

Jacinto, Port San 78 z 

John’s, St. 



Hoyambre C. 

21 1 

llheo, d' . 

46 I 

Jackee Pulo . 

87 Z 

Antigua 

131 

z 

Hoylake 

3 3 

lllack I. . 

152 3 

Jackson, Port 

98 I 

N. Brunswick 

123 

I 

Uo wick’s Grp. 

100 1 

llluluck . 

152 2 

— Pt. 

107 3 

Newfoundland 120 

z 

Iluacanec I. 

144 I 

Imalaguan 

76 1 

— ShL 

67 2 

John’s, St., High 

> 


Huacho B. 

146 I 

Imbros . 

34 1 

Jacqulnot 1. . 

168 z 

land 

68 

4 

Uuafu 1. 

144 I 

Immor 1 . . 

163 3 

— Pt. 

169 I 

John's, St. I. 



Huaheine I. . 

156 I 

Imperieuse Shi. 

105 2 

Jaffa 

. 37 4 

Greece 

36 

3 

Huattiblin I. . 

144 1 

Inaccessible Is. 


Jaifatin Gt. I. 

52 1 

Red Sea . 

51 

4 

HuanchacoBoadUO z 

New Orkneys 

141 - 

Jafi'rabad 

58 3 

8 . Paciflo 

165 

4 



S. Atlantic 

45 

Jago, St. 

41 3 

Virgin Is. 

130 

3 

Huddort’s Shi. 

47 4 

Inagua Is. 

127 3 

Jagua B. 

128 3 

John’s, St. Pt. 

9 

3 

Ituddiksvall « 

14 Z 

1-nah-Kwoh . 

109 3 

Jaguaribe R. 

138 2 

John’s, St. R. 



Hudson 1. 

150 2 I Inch Keith 

6 4 

Jahleel Pt. 

104 1 

Florida 

126 

z 

UudBon's B. 

119 r 

Indefatigable 1. 

i69 3 

Jamaica 

120 t 

G ofSt. Law. 121 

I 

Is. . 

36J 5 

Xndependeno* 1 . 

169 1 

James B. A I. 

169 j 

Kafferland . 

47 

1 


John**, B. 


Pegu 

61 f 

Joinville I. . 

Ml 4 

Joll)os 1. . 

133 3 

Juinalie I. 

77 / 

Jomfrueland . 

15 ; 

Jonas, St. I. . 

114 1 

Jones 1. . 

104 3 

.Fo'^e San. Road 

147 3 

Jose, St. 1. 

147 I 

— Son 

148 3 

— ^an I. . 

148 3 


Josef, San, Port )40 3 
.Joseph, &>t. Is. 5ii 3 
Jo'eph’s, St. B. 132 1 
Jouveucjr 1. . 167 3 

Joyi . . 89 4 

Juan, St. 6. 

California 148 4 
Venezuela 136 t 
Juan, St. Mt. . 148 i 

— Port 147 3 
Juan C. . 130 a 

— St. da Nova 49 3 

— Port . 14-'> 3 

— do (Tiiia c. 13'; 4 

— deMicarag. 135 i 
— Pnpti.ste I. 154 3 
— Fernandez 154 i 

Juatiiea S. . 148 4 
Jnanibo S. . 148 1 
Juba 11. . . 60 3 

Jubal 1. . 62 1 

Juby C. . . 42 3 

Ju(1kc Kks. . 143 3 

.! uiigu uiul Clerk 16.. 3 
J..clgtnoiit Kk. 96 4 


Judith Pt. 

124 4 

Juguriiaut 
Juhulal. • 

GO 1 
108 3 

Jni Mt. . 

•J3 Z 

Julian Mt. 

168 z 

Julian, St. 

22 X 

Julian, St., I. 

67 1 

— Cast 

27 4 

— Port 141 I 

Julio . • 

111 4 

Junkseilon 

62 X 

Jupiter inlet . 

126 3 

Jura 1. . . 

33 z 

Jurien 1. 

167 3 

Jussari . 

13 3 

Just-Hu- Corps I. 

122 1 

Katies 

38 3 

Kubruang 

00 4 

Kadahbuu Bluff 

43 4 

Kudija 

38 4 

Kac-choo Bk. 

no 4 

KallU 

34 4 

Kafferland 

47 X 

Kaholawe . 

170 1 

Kabowuwa 

100 z 

Kaiagatch 

37 1 

Kaifa . . 

37 4 

Kaii>ara Harb. 

109 Z 

Kukava 1. 

37 z 

Kakulimah Mt. 

43 i 

Kalaeko . 

87 z 

Kalarnpunian 1 . 

76 I 

Kalantan U. . 

67 4 

Kalao 

80 3 

Kalemaos 

84 3 

Kalgalaksha . 

16 4 

Kaliagri C. 

34 3 

Kalibia . 

38 4 

Katiugal I. . 

90 4 

Kalkoon Is. . 

85 4 

Kalla Rk. 

14 1 

Kallbaden 

13 3 

Kalmar . 

14 4 

Kaloycri Rks. 

33 z 

Kalpeni Is. 

55 3 

Kalymno 

36 1 

Kaniasoun I. . 

43 } 

Kambara I. . 

160 z 

Kanie C. 

168 3 

Kanwudi Pulo 

84 4 
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KMu^ng Out* 9*^ 1 
Kamtchaksk/C. 114 z 
ILanaga I. . 152 3 
Kanais, Ras al 38 Z 
Kanary, Grand 89 3 
Kuiidabou L. . 161 4 
Kandalaksha . 16 4 

Kangaroo I. . 95 i 

Kangelang , 85 3 

Kanin Nuss C. 17 I 
KannceuongaiiPt.KI 4 
Kantavu . . 161 4 

Kao 1. . . 159 4 

Kapenouare 1. 173 3 

Karababa . 33 z 

Karabournil C. 

Asia Minor 35 3 
Kuraiiiati. 37 z 
Turkey . 34 z 

Karadash Bour> 
non C. . 37 3 

Karaghinsky 1. 114 3 
Karakakoa B. 170 3 
Karakita . 90 3 

Karainania . 37 z 

Karang Mt. . 84 z 

— Takat 85 3 
Karavi 1. . 32 1 

Karawang Pt. 84 z 

Kari-kari . 109 i 

Karki . . 36 z 

Karo 1. . . 33 1 

Kastro Tornese 31 3 
Katafangal. . 160 3 

Katakolo C. . 31 j 

Kativng Uk. . 8.5 z 

Katcliall £. . 63 i 

Kater C. .117 3,4 
— 1. . 171 3 

Ka-tlh*neaou I. 1 10 3 
K It u . . 1.54 3 

Kattannie, Ras 51 i 


Kiittiiro . 

30 z 

Kat/tou, Has . 

00 3 

Kutwyk . 

11 z 

Kauai 

170 4 

Kail la 

170 4 

Kavahi I. 

155 4 

Karen I. 

172 4 

Kawa Kawa . 

lOS I 

Kawia Karb. . 

10}) 3 

Kayes T. . 

151 3 

K.azaiitip C. . 

35 I 

Keatlaind 

34 4 

Keats Pt. 

117 z 

— Port . 

104 z 

Kebatoe . 

66 4 

Kedgeree 

60 3 

Keelah . 

55 4 

Keeling Is. 

58 Z 

Keen.i)>oiissan I. 

80 4 

Keerweer G. . 

108 4 

Iveding, Gt., 1. 

89 I 

Kega Pt. 

68 Z 

Keiskaina R. . 

46 4 

Keith’s Rf. 

28 l 

Kejsarsklubb . 

14 I 

Kekik 1. 

89 3 

Kelang . 

88 4 

Kellett C. , 

116 z 

Land . 

114 4 

Kelangl.&IIarb. 

74 3 

Koina 

83 z 

Ketniu I. 

157 3 

Kemini . 

17 1 

Konain . 

60 4 

Kendall C. . 

11:) I 

Kendarie B. . 

83 4 

Kenn I. 

64 3 

~ Rf. 

101 3 

Kennedy I. 

162 I 

Kent Is. 

96 I 

Keutish Knock 

8 Z 


Kephksn Adaasll.35 z 
Keppsl C. . 98 4 

— L . 158 z 

Keppel Is. , IKS 


Kerempeh C. . 

35 z 

Keresoun 

35 Z 

Kerets C. 

17 I 

Kerguelen’s Land 68 z 

Kcrki Mt. 

35 4 

Kermadec Is. . 

156 4 

Kertch . 

35 1 

Ketoy I. . 

113 I 

Keu-sau Mt. . 

72 z 

Key^er’s Pk. . 

64 3 

KViabaroff G. . 

114 z 

Khania . . 

36 3 

Khaiizir, Kaa el 

37 3 

Kbarainaiuouko- 


tan 1. . 

113 z 

Khelb, Has 

53 I 

Kheliilonia Is. 

37 z 

Klierson 

34 4 

Khersones C. . 

34 4 

Khina I. 

36 Z 

Khitouk C. 

L52 z 

Khoie .leramah 

53 3 

Kbyle, Ras al . 

50 4 

Ki Is. . 

88 z 

Kiahow Harb. 

108 4 

Kiaina, Port . 

50 3 

Kibliyah I. 

.53 Z 

Kidnappers C. 

108 z 

Ki-Doulau 

8K Z 

Kiel 

12 Z 

Kiephali C. 

30 3 


Kilcradan 

9 1 

Kilda, St. . 

.5 Z 

Kddyum I. 

16 4 

Kiliilrutni 

33 3 

Kilios 

34 z 

Killala . 

9 z 

Killibogs 

9 3 

Kidingholme . 

7 3 

Kinabatangan Pt. 81 3 

Kitdtourii 

34 3 

King 0. 


Fi. Asia . 

114 3 

Niphou 

112 z 

King Charles G. 

118 Z 

— George 1. 

141 4 


King George’s Is. 

Hu.lson’s B. 119 z 
Low Archip. 155 z 
Ring George’s Sd. 93 z 
King George Town 
B. of Biafra 44 } 
Ivory Coast 43 4 
King 1. 

Bass Strait 95 3 
Kuss. Aiuer. 163 i 
King Will. C.. 168 i 

— Town 43 4 


King’s I. 

56 1 

— Pt. 

63 3 

— Sound . 

10.5 z 

Kiiigmau Sh. . 

170 2 

Kingsiiiill Is. . 

162 z 

King.'^ton 

St.Vlneentl. 131 4 

Kings.tuwu 

10 z 

Kitii Balu 

75 I 

Kiiiimird’s lid. 

6 3 

Kinsale • 

10 4 

Kiou.stenje 

34 3 

Kirk ness 

5 z 

Kirkwall 

6 3 

Kish Lt. . 

10 2 

RLsUal. . 

152 3 

Kisinayo I. 

oO 3 

Ki.ssa 

87 4 

Kiswero Harb. 

50 I 

Kittan . 

05 z 

Kizil Krmnk G. 

H5 z 

Kiziinkuz . 

60 z 


KJcr G . 

116 3 

Klaiiipis Pt. . 

84 4 

1 Klapp 1. . 

85 Z 

Klobat Mt. 

83 Z 

Kluehevski 

114 Z 

Knivskjaerodden 16 3 

Knob G. 

93 Z 

Knobeiis 

12 I 

Kriocklayd 

9 4 

Knox 1. . 

1G2 3 

Knuckle Pt. . 

109 I 

Kt^sna R. ' . 
KJl^naro O. . 

46 4 

107 3 

Kodiak 1. • 

152 1 

Kuh l>ud 1. 

68 1 

Roll Kong I. . 

68 I 

Koka Shi. 

86 4 ‘ 

Kuks 1. . 

92 z 

Kukskar . 

13 I 

Kola 

16 4 

Kolganpia C.. . 

13 z 

Kolguyev 1. 
Kolioutchin 1. 

17 1 
114 4 

Kolovrat Mt. . 

164 4 

Konig C. 

118 3 

Konigsberg . 

12 4 

Konouchin C. 

17 I 

Konoupoli Pt. 

31 3 

Koo-kicn-san I. 

109 3 

Koolab . 

55 1 

Koolewalte IL 

87 4 

Koomisang 1. . 

110 I 

Koo-re-»nah . 

109 4 

Koraka O. 

35 4 

Koro f. . 

161 Z 

Koroii 

31 4 

Koroluiui I. . 

161 I 

Kors Kinnl 

15 4 

Korsu Lt. 

14 3 

Korsoren 

14 1 

Kos 

36 z 

K o>si-eIiu ng Is. 

68 I 

Ko-sinia 1. 

112 4 

Ko.>»luf 

34 4 

Kuiatiui 1. 

52 4 

1 Kotuixlea 1. 

60 4 

1 K<»tzcbue Sound 153 z 

Koulassien 

81 I 

Kuuiui G. 

33 Z 

Kouri C. 

34 z 

Kuus.sie K. 

46 I 

Kuutalai 1. 

34 I 

Koutou'-oll’ f. . 

15.5 z 

— Is. 

172 J 

Koii'zoincn 

16 4 

Kowie R. 

46 4 

Krakatua 

..4 4 

Kraiiitclienkols. 

173 I 

Krio Nero 

31 z 

Kritliina Mt. . 

32 1 

Krleougoun C. 
Kronotsky Pk. 

114 4 

& C. , 

114 z 

Kroiiprindsensl. 1 1.5 3 

1 Kreiist.'iilt. 
j Kru.'.eii-terii C. 

13 z 

Ainer.N Coast 

117 I 

{ Kotzebue S.l. 

153 z 

1 Kru.sensteni 1. 

loo I 

' — Is. 

172 3 

Kukowari 

58 3 

Kulleii Lt. 

15 Z 

Kuiiii I. . 

109 3 

Kuitipai 1. 

82 I 

Kuiiashlr I. 

112 4 

Kiiiiua 

16 2 

Kuraucheo 

58 3 

Kurial. . 

162 3 

Kuna Muria Is. 

63 Z 

Kurile Is. 

113 % 

Kiiryah la. 

98 4 


Kusha I. 

88 4 

Kweeshan Is. . 

73 Z 

Kwiug I. • 

72 3 

Kwyhoo 1. . 

50 3 

Kyungle I. 

175 1 

Kyholm . 

12 I 

Kyk Down 

11 Z 

Kyook Phoo . 

61 I 

La I’az . 

148 3 

La Perle Sh. . 

66 3 

Laarat . 

88 1 

Labeo C. 

165 Z 

J.abenki 1. 

83 4 

Labiche I. 

91 I 

Laborde Islet . 

91 1 

Laoradur 

120 4 

— C. . 

118 I 

Labuan L . 

75 1 

Lauadive Is. . 

55 z 

Lacepede Is. . 

105 4 

Lacotta, Pulo . 

63 4 

Lacrosse 1. 

104 z 

Lacul 

129 3 

Laild Rf. . 

69 I 

Ladda, Pulo . 

62 I 

Ladrone, Grand 

71 3 

l.adrones 

172 1 

l.ady Grey C. 

47 z 

Laers 1. . 

82 3 

Laganos 

133 3 

Lage Hk. 

139 z 

— de Santos 

1.39 3 

Laghi G. 

30 3 

Lagoon I. 

154 3 

— Rf. . 

158 z 

Lagoondy, Pulo 

64 3 

Lagos 

Africa 

44 Z 

Portugal . 

22 I 

Lagostsv L 

30 z 

l.agosliisC. 

45 3 

I.agoMiui Kks. 

30 z 

Lagraiidiere L 

167 3 

iaigolvar 

13 4 

Lagoa City 

140 I 

; - U. 

47 z 

Lugiin.a, I’ort . 

1.33 z 

Lahaina . 

170 3 

Lahou 

43 4 

— Shi, . 

101 4 

Lakahia Mt. . 

91 4 

Lakcmba 1. 

160 3 

— Pass. 

160 3 

Lakor 

87 4 

Lalang Besar 1. 

66 3 

LaUaRookh.SbL 162 1 1 

Laiauuchiri ilill 

91 4 

Laiuarelie C. . 

91 z 

Laumrek 1. 

lOi 4 

Lamas U. 

37 3 

Laiiiuy I. 

74 z 

Lainbay I. 

10 2 

LambayequeRd. 146 z \ 

Lambert C. 

106 2 

Lammas Mt. . 

165 1 

Lamo B. 

50 3 

Lamuek Is. 

72 I 

Lanlpe<lu^a 1. . 

28 z 

Lam^uon 1. 

28 z 

Lauipoii, Port 

77 4 

Lam-yit I. 

72 z 

Lancaster 

3 3 

Laii^oesGraitdes 138 z 

Landfiill L 

S. America 

143 Z 

Landguard Fort 

8 1 

Landskiona . 

16 2 

Landsort Lt. . 

14 3 

Langanaes C. . 

17 4 

Langle B. 

113 4 

Lango L . • 

16 } 


Lankayan I. . 

81 1 

Lannes C. • 

95 1 

Lantao Pk. 

71 1 

Lantinga, Pulo 

67 4 

Lanzarote 

40 z 

Lapland « 

16 4 

Larnaca 

88 I 

Larne Rk. 

72 4 

Laseine Is. 

167 4 

Lassa C. 

84 I 

Lastang I. 

15ft 1 

Lastres . 

21 I 

Latakia . 

37 3 

Lutliam’s I. 

60 I 

LatoueheTrev.C.106 i 

Latta Is. . 

90 z 

Latte I. . 

159 4 

Laiighlan Is. . 

167 z 

I aurel 


— Shi. . 

82 Z 

Laurent duVar 

24 1 

Laurie I. 

141 } 

Lauriston 

109 1 

Laurot Is. 

82 Z 

Laut, Gt. Pulo 

81 4 

Lavenskar 

13 z 

Lawn 1. . 

89 3 

Lawrence, St., B 

.114 4 

— C.122 1 


Lawrence, St., I. 


Ind. Ocean 

56 4 

Kuss. Ainer. 

163 1 

Lawrence, St., 


K, & G. 

121 1 

La.\ 1. . 

116 3 

Lay G. . 

70 3 

Lay ken Pt. 

82 4 

Lay sun 1. 

171 1 

Lazarelt' I. 

156 1 

Lazaro, St., C. 

148 3 

Loading Blulf . 

145 1 

Leaiider Sbl. . 

121 3 

Leasowe Lt. . 

3 3 

Lent, Pulo 

65 3 

Lebany B. 

82 4 

Lebei’l 1. 

163 3 

i.ebida . 

38 3 

Ledo G. 


-- W. Africa 

45 3 

Leeuwin G. 

93 I 

l.eeward Is. . 

131 z 

Leewarden Shi. 

89 1 

Leichimo 

30 4 

Lefuiika I. 

159 4 

Legarto lid." . 

146 I 

Legendre 1. 

106 z 

Leghorn 

26 I 

Legiep Is. 

172 3 

l.e Grand C. . 

93 3 

Leguwau 1. 

137 z 


Leith . . 64 

Lejon, Grand, Rk. 19 3 

Lekdu . . 16 z 

Letna, Gt. . 71 3 

Lo Mai re & Tas- 


man’s Is. 

164 3 

Lemon & Ower 


Lt. 

7 3 

Lemnos . 

■34 I 

Lena R. . 

ll.> 1 

Lengua de Vaca 


Pt. 

144 4 

Lf nin Is. 

21 1 

Leno, Pay. 

80 I 

Leopard Rf. . 

50 Z 

Leopold C. 

116 t 

— I. 

117 4 

— Is. 

116 3 

— Port . 

116 3 

Lepanto . 

31 a 

Leiiers I. 

164 1 

Lepreau C. 

123 1 

Lepsina 1. 

32 Z 

Lera Pt. 

82 4 

Lcrang Pt. 

84 3 

Leniia . 

138 a 

Leivi 

36 1 
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I«eron Harb. . 

90 4 

Liverpool . 3 3 

Louis C. . 

68 z 

McCluer 1. 

lua 4 

Lerwick 

0 4 

— I. . 115 z 

Louis, Port 


— Inlet 

91 4 

Leschenhault C. 

92 4 

— Port 49 1 

Falkland Is. 

142 z 

— Pt. . 

48 4 

Lessina 1. 

30 1 

— R. . J03 4 

France 

20 I 

McDonnel Cove 

108 Z 

Lessee I. 

11 4 

Livingston 1. . 141 4 

Mauritius 

58 I 

M’Diarmid 1. . 

116 3 

Lesson 1. . 168 z, 3 

Lizard . . 2 z 

Louis-PhilippeC. 

117 I 

Maceio . 

138 4 

Lesueur C. 

92 z 

— I. . 100 I 

Louisa Shi. 


Maegowen Rf. 

169 Z 

— I. . 

104 3 

Lloyd, Port . 171 3 

Borneo 

69 z 

Machado C. . 

143 4 

- Mt. . 

92 4 

Loa R. . . 145 z 

Philippines 

90 3 

Machias B. 

123 Z 

Leton Rks. 

41 3 

Loango R. . 45 z 

Louisburg 

122 I 

— Seal Is. 

123 Z 

Le>tsin 

no 4 

Lobetobie . 87 i 

Louisiana 

132 3 

Machichaco C. 

20 4 

Lett! 

87 4 

Lobito . . 45 3 



M'Kean 1. 

157 3 

Leiibu R. 

144 z 

Lobo Pt. 

Lousiade Archip.lf i 3 

Mackenzie Is. 

174 4 

Leucotina Hum« 


Peru . 145 z 

Loutzee Kk. . 

72 z 

— R. 

117 Z 

mocks . 

73 4 


Lovisa 

13 3 

Mac Leay Is. . 

105 1 

Leucung I. 

no 3 

Lobos C. . i45 z 

Low Archipelago 153 i 

McLeod Bk. . 

56 4 

Levanso I. 

27 4 

— Cay . 127 i 

— Black Pt. 

93 I 

M ‘Nutt’s I. 

122 3 

Leven 1. 

48 3 

Lobos de Afucra 

Low I. 


Macoripu Pt. . 

138 z 



Is. . 146 3 

Natunas . 

67 z 

Macour 1. 

51 4 

Port . 

49 I 

Lobos de Tierra 146 3 



Macquarrie, Fort 98 i 

■— St., Pt. 

2 Z 

Lobos I. 

Low Port 

144 I 

— Harb. 96 z 

Leveque 0. 

105 Z 

Canaries . 40 z 



— 1. 

153 z 

Levita 1. 

32 4 

G.otCalifom.l48 i 



Macquarrie, Port 

Levuka . 

161 3 

R. Plate . 140 l 

Lowestoft 

7 4 

Au.stralia 

98 Z 

Lewa 

74 3 

Vera Cruz 133 i 

Lowly Pt. 

94 4 

M . Zealand 

107 I 

Lewis, Butt of 

5 z 

Lobos Rks. . 170 1 

Lowry C. 

49 1 

Macquereau Pt. 

121 3 

— St., C. 

119 4 

Locos I. . . 144 4 

Lowther I. 

116 I 

Macronisi I. . 

32 Z 

Leyden . 

n z 

Loevenstern C. 114 i 

Loyalty Isles . 

163 I 



Leyte 1. . 

79 I 

Lofudcn . . 16 z 

Loyro Mt. 

21 3 

Madagascar . 

48 4 

Liakhov Is. 

115 I 

Lofty Mt- . 95 i 

I.ozin, Pulo 

67 4 

Madalena 1. 


Liant O. 

68 1 

Logito R. . 45 3 

Luabo R. 

47 3 

Marquesas 

156 Z 

Libagao I. 

76 z 

Logounor I. . 173 4 

Luban I. 

76 3 

Sardinia . 

25 3 

Libarran I. . 

81 3 

Logunu Pk. & C. 48 1 

Lubcck 


Madame 1. 


Libau 

12 4 

Loheia . . 52 4 



C. Breton I. 1*22 1 1 

Libby I. . 

123 Z 

Ldkd . . 13 4 

Prussia . 

12 z 

Madagascar 

49 Z 

Liberia . 

43 3 

Loma Pt . 148 4 

Lucapin . 

86 4 

Madeira 

40 I 

Llbcrtad 

147 3 

Lomas Pt. . 145 3 

l.ucar, San 

22 z 

Madona 1. 

.16 z 

Lichtenfels . 

115 3 

Lomblem . 87 1 

Lucas, St., C. 

148 3 

Madras . 

60 z 

Licosa C. 

27 I 

Lombock . 86 i 

Luce, St. 

49 3 

MadredeDios A. 143 3 

Lido, Port 

29 Z 


Lucea Harb. . 

129 I 

Madura . 

84 4 

Lien Chew 

70 4 

IxindonRfsW.Rf 69 1 

Lucepara I. 

65 I 

Maesii'a, Pt. della 29 z 

Lieskov I. 

141 Z 

— Sh). . 13 z 

Luccparas 

86 4 

Mae.strcdeCani.1.78 3 

Lighthouse Rf. 

133 4 

Londonderry . 9 4 

Lucia, St. 

41 z 

Mafamcde 1. . 

47 4 

Ligitan 1. 

81 3 

— C. 104 3 

Lucia, St., 0. 


Magador 

42 Z 

Liguanea I. 

94 3 

Long Hill . 99 i 

Kafferland 

47 J 

Magaduxa 

.50 4 

Lignano, Port 

29 3 

Long I. 

S. America 

143 3 

Magdalen C. . 

121 Z 

Lihou G. 

19 Z 

Bahamas . 127 i 

Windward Is. 131 3 

— Is, . 

121 4 

Lima • * 

146 I 

Connecticut 125 1 

Luck! poor 

60 3 

— Shi. 

65 4 

Limasana I. . 

79 z 

Caspar St. 65 3 

Lucky B. 

93 3 

Magdalena B. 

148 3 

Limasol . 

38 1 

Hudson’s B. 119 z 

Luconia Brks. . 

69 I 

— Hook 17 z 

Liinbarra Pk. 

25 z 

New Britain 166 3 

Lucrecia Pt. . 

128 I 

— R. 

135 4 

Limbe 1. 

83 Z 

N. Zealand 107 i 

Luffan, Has . 

53 4 

Maghir Islet . 

174 z 

Limbones Ft. . 

76 3 

S. Pacific . 109 I 

Lui Chew 

70 4 



Limeburner Shi. 

9 3 

Torres Str. 102 3 

Luis, San, Harb. 132 4 

Magnetic I. 


Limeni . 

31 4 

LongPt. . 124 z 

Luis, S. de Apra 

Australia 

99 3 

Limerick 

S 4 

— Nose . 35 I 

1. 

172 I 

Guatemala 

147 z 

Linacapan I. 

75 3 

Longone, Port 26 z 



Magnetic Pole 

116 4 



LongshipsLt. . 2 z 

Lundy I. 

2 3 

Magoari C. 

137 4 

Linaro C. 

26 3 

Longstone Lt. 7 i 



Magon-hui 

161 z 

Lincoln 1. 

71 z 


Lurcher Rk. . 

122 4 

Mahurug 1. 

54 I 

— Port . 

94 3 

Loochoo Is. . 1 1 0 I 

LusancyIs.&Rfs.l67 3 

Mahato I. 

48 Z 

Lindsay 1. 

in 1 

Loodatoo . 49 3 

Luz 

41 4 

Mahe I. . 

67 I 

Lindy K. 

50 I 

Looe I. . . 2 r 

Luza R. . 

48 4 

Mah'lvoondoo 1 

55 4 

Lingayen 

76 4 


J.uzon I. & Pt. 

3 



Lingen I. 

66 z 

Looke, Port . 49 i 

I.yakhovski 1. 

115 I 

Mahon 

24 4 

Linguetta C. . 

30 3 

Lookers-on B. 107 3 

Lydia I. 

168 I 

Mahon’s Ditch 

1‘25 3 



Lookisong 1. . 89 3 

Caroline Is. 

174 3 

Maiaiia . 

162 3 

Linne Pk. 

99 I 

Lookout C. 

Marshall Is. 173 l 

Maiden Rks. . 

9 4 

Linusa I. 


Hudson’s B. 119 1 

Lynas Pt. Lt. . 

3 Z 

Maine 

12:1 z 

Grec. Arch. 

37 I 

Mexico • 149 z 

Lynedoch Shi. 

105 4 

Maitea 1. 

156 I 

Malta 

28 I 

N. Carolina 125 4 

Lynher Rf. 

105 3 

Maitre.sse I. . 

19 z 

Liong-soy Pt. . 

70 4 

Lookout Pt. 

Lynn Shi. 

65 I 

IMajambo B. . 

48 4 

Lipari Is. 

27 z 

Australia, E. 98 z 1 

Lynn’s Well Lt. 

V J 

Majorca . 

24 4 

Lippu 

13 3 

Australia, N.E. 100 i 

Lynx 1. . 

1.59 Z 

Majunga Pt. . 

4H 4 

Lipso . . 

36 1 

N. Carolina 125 4 

Lyra I. . 

111 z 

Makalai'a I. . 

90 3 

Liptrap C. 

95 3 

Lookout Rf. . 160 4 

— Shi. 

16.5 4 

Maker’s Ledge, S. 121 i 

Lisbon . 

22 I 

— Rk. . 96 z 

Lyserort 

12 4 

Makin 

162 3 

Lisburne C. 


Lo'p<atka C. . 114 z 



Makri 

37 1 

N. America 

1.53 1 

Lopez C. . 45 z 

Maatsuyker Is. 

96 3 

— C. 

33 4 

New Hebrides 164 i 

Lorenzo, San 135 3 

Mabbere, Ras 

50 4 

Makrino Mt. . 

31 4 

Liscomb Harb. 

122 Z 

— I. 146 I 

Mabo C. 

91 3 



lise, I. du 

49 4 

Lorenzo, St., C. 146 4 

Mabudis 

77 3 

Makuimu 

154 2 

LisLan.sky I. . 

171 I 

Loretto . . 29 1 

Macao 

71 3 

Makumbal. . 

48 4 

Lismore I. 

4 3» 

Lorncl Pt. . 18 z 

Macap^ . 

137 4 

Mala Pt. 


Lissa I. . 

30 I 

Los, Is. de . 43 z 

Macarska 

30 1 

G. of Genoa 24 z 

Lissan al Kahpeh 37 3 

— Naranjos Is. 79 i 

MacAskill Is. . 

173 3 

Panama . 

147 I 

Listersteen 

15 4 

— Reyes . 167 i 

Macas R. 

42 z 

Malabar Coast 

59 Z 

Litke I. . 

174 I 

Lot’s Wife . 171 z 

Macassar 

82 4 



LitUe Fish B. . 

45 4 

Lottin 1. . 166 3 

— St. . 

82 3 

Malacca . 

6‘2 z 

- Hope I. 

132 3 

Louan . • 87 4 

Macasse Pt. . 

168 4 

Malaga . 

22 3 

Ufely I. ^ . 

142 3 

Louasappe • 174 1 

Macauley I. . 

156 4 

Malaguash Harb. 122 3 

- Rk, • 

100 X 

Lough Ryan • 4 1 

1 Macclesfield Shi. 71 z 

1 



Mahunocco, Port M s 


Malan, Ras . 

56 S 

Mala Pasqua C. 

130 X 

Malavi 1. 

81 1 

Malayta I. 

164 4 

Malcolm Atoll 

56 4 

— Pt. . 

93 4 

Malden 1. 

156 3 

Mai di Ventre 

25 I 

Mai di Vetro . 

26 I 

Maidive Is. 

55 4 

Maldonado 

140 I 

Male Atoll 

56 1 

Maleddam Pt. 

66 1 

Malfatano, Port 

25 z 

Malin Ud. 

9 

Malivi 

155 3 

Mallawallee 1. 

81 } 

Mallicollo I. 


New Hebrides 164 i 

S. Pacific . 

J64 2 

Mallison’s I. . 

103 3 

Malmo . 

15 Z 

Malo, St. 

19 z 

Malora . 

26 1 

— 1. 

63 z 

Malorn . 

14 z 

Maipeiu I. 

169 4 

- Pt. . 

146 3 

Malta 

28 Z 

Mamalakjc I. . 

86 z 

Mainbaliunanan 

80 4 

Mamhiu'ao it. 

76 z 

Mammelie, W. 

70 ; 

Mamori C. 

169 I 

MampavaPt. . 

74 3 

Mana I. . 

108 I 

— Pt. 

43 3 

— R. 

137 5 

Manacles 

2 Z 

Manado . 

83 z 

Managua Pups 

128 z 

Manama 

54 I 

Manambatoo To. 49 3 

— VU1.49 1 

Manamoc I. . 

76 1 

Mananhar . 

49 Z 

Manapar Pt. . 

59 3 

Manas-wari I. 

169 1 


Muiiby Pt. . 151 3 

Muncap, Fulo 82 I 
Mandalike 1. . 84 3 
Maadariu’a Cap 71 } 
Manilhar C. . 82 4 

Maiidiiiga . isri 3 
Mandvee . 58 3 

Mandri,Port . 32 z 

Mandru 1. . 80 3 

Marifrcdonia . 28 4 

Manga , . 153 z 

Mangaia 1. . 157 4 

Mangaluonl. . 75 l 

Mangalore . 5‘J z 

Manga Noui I. 1U8 4 

— Mt. 109 z 
Manglares Pt. 140 4 
Mango I. . IGO 3 
Mangrove Pt. 128 z 

Mangsi Is. . 75 z 

Maiiguinha Ft. 138 4 
: Manguirin, Port 76 Z 
Miinliugan I. . 123 3 

I Maiihii . . 154 3 

I Maiiicanl I. . 78 4 

I Manifold O. . 98 4 

. Manila . . 76 3 

' Maiiipa I. . 88 4 

Manna Pt. . 64 z 

Manning Pt. . 117 z 
Mannu O. . 2' » 

Marioel Kodrlgues 
Shi. . . 170 1 

Maiioel C. . 42 4 

— LuizShl. 38 t 
Man-of-War B. 

Bahamas . 127 | 

Virgin Is. 180 3 
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Mmnono I. . 1A8 4 
Manook Manook. 80 4 
ManoombingHill 65 ^ 
Manooroo 49 2 

Manotimn, Pulo 91 i 
Maiiovolko 1. . 88 3 

Maiisllcld I . 1193 

- Shi. 84 1 
Mansular Is. 64 I 
MatitalougomMt. 76 2 
Manna I. . 168 3 

Man in; Manca. 80 4 
Manuk au Harb. 109 2 
Manuwangi . 164 2 

Manvers, Port 11‘J 3 
Manza, Ma. . 25 4 

Maiizanilla B. 147 4 
— Cays 128 4 
Manzaiiilla Pt. 


Panama . 

133 3 

V enezuela 

136 I 

Mamma I. 

168 3 

Mapare I. 

57 4 

Maplin . 

8 2 

Maraca 1. 

137 4 

Maracaybo 

136 X 

Maraki . 

162 3 

Marambaya I. 

139 2 

Maranham 

138 1 

Marargiu C. . 

26 1 

Marathon C. . 

32 3 

Marathonisi . 

31 4 

Maratua I. 

81 3 

Marble 1. 

119 I 

Marblehead . 

124 I 

Mar Chiquito 
Marco, St., C. 

140 2 

Sardinia . 

26 1 

Sicily 

27 3 


Marcos, St., Fort 1. *18 i 
— Pt. 129 3 
Marcoufls. . 18 4 


Marcus I. 

172 2 

Maro, Pt. della 

28 z 

MarescotMt. . 

166 1 

Maret Is. 

104 4 

Margaret 1. 

166 3 

Margareta I. . 

173 X 

Margaret’s B. 

122 3 

Margarita I. 


California 

148 3 

Cumana . 

136 4 

Margate 

1 I 

Maria C. 

114 1 

Maria di Leuca, 



St., O. . 28 3 

Maria I. 


G.ot’Carpont.103 2 
Low Archip. 164 3 
V.Dieman’aL. 97 l 
Maria, Sta., O 22 i 
— 1. 144 2 

MariaTheres Rf.l57 3 
Maria Van Die- 
men C. . 109 2 

Mariagaliiiite . 131 3 

Mariana Is. . 172 2 

Maricaban 1. . 78 3 

Maricas Is. . 139 2 

Marie Louise I. 56 2 
Muriel, Port . 128 2 

Marienleuchte 12 2 
Maricre, Pulo 176 i 
Marigot, Fort 131 i 
Mariguana 1. . 127 3 
Marinduque I. 78 3 
Marino 

— San 29 2 
Marion & Crozet’s 
Is. . . 68 2 

Maritimo I. . 27 4 

Mariupol . 36 1 

Mark House . 60 i 

Mark’s, St. • 132 1 

Marka . 50 4 

Markana Is. . 30 2 

Marken 1. . 1 1 2 

Markne . . Id 4 

Marlborough C. 64 i 
kianDMIiaa 69 i 
Marone or Cad- 
musl. . . 154 3 


Marmora I. . 34 1 

Marmoi'ice . 37 1 

Maro Rf. . 171 1 

Maronea . 33 4 

MaiHiwyne R. . 137 3 

Marqueen Is. . 164 3 

MarquesaPt. . 41 i 

Marquesas . 166 2 

Marquis de Tra- 
verse Is 141 2 


Marquis of Hunt- 
ly Hk. . 

56 4 

Marsa Boureigah 38 3 

— ■ J.abeit . 

38 2 

— Ougrah 

38 3 

— Sousa . 

38 2 

— Zafran 

38 3 

— Zeitoun 

39 2 

Marsala . 

27 4 

Marsden Pt. . 

96 1 

Mar.seille 

23 4 

Mai'sh 0. 

166 1 

Marshall 

43 3 

— Is. . 

172 2 

Marstrainl Lt. 

1.5 2 

Mai’ta, Sta. 

135 4 

— C. 

140 I 

Martaban 

61 2 

Martahoolah Pk, 

48 4 

Martha’s Viney. 

124 3 

Martin (16 Biar- 
ritz 

20 4 

Martin, St., C. 

24 2 

— Clove i43 1 

Martin, St., 1. 
Aracan 

60 4 

I.eeward Is. 

131 I 

Martin, St., Port 

Africa 

46 2 

Franco 

20 3 

Martin’s, St. 
Scillyls. . 

2 2 

Martin Vas 

46 I 

Martinez Pk. . 

41 2 

Martinique 
Martyr’s Is. . 

]31 3 

174 2 

Mania 1. 

156 2 

Marutea 

154 2 

Mary Ann 1. . 

67 1 

— Shi. 

86 3 

Mary .lones B. 

116 3 

Mary, St. 0. 
Madag. 

48 3 

Nowfd. . 

120 2 

New Ireland 166 1 

Nova Scotia 

122 4 

R. Plate . 

110 I 

Senegambia 

42 4 

W. Africa 

45 4 

Mary, St., I. 
Azores 

41 I 

Madag. 

49 2 

S. Africa . 

47 Z 

Scilly Is. , 

2 2 

Mary, St., Rks. 
I.abrador . 

120 4 

Malabar Coast 59 2 

Mary’s B. 

106 4 

Mary port 

3 4 

Masafuera I. . 

154 I 

MasaruiidupioM.138 4 

Mashate 1. 

78 2 

Masella . 

88 I 

Mason, Port . 

107 1 

Maspa Pt. 

136 3 

Massachusetts 

124 I 

Massarina 1. . 

•29 4 

Masse 1. . 

156 3 

Massowah I. . 

51 2 

Masthead Islet 

98 3 

Mastic Pt. 

127 2 

Masulipatam . 

60 2 

Mataatu Harb. 

168 4 

Matabella Is. . 

88 3 

MatagordaPenin.132 4 

Mataina . 

166 3 

Matalqui C. . 

144 2 

Matamawi 0 . . 

108 Z 


Matana I. 

113 z 

Mutanani Is. . 

75 I 

Matandumatue 

78 I 

Matauilla . 

126 4 

Matanzas 

1’2H 2 

Matapau C. . 

31 4 

Mutaro . 

23 2 

Matchian 

90 2 

Mateemo I. 

48 1 

MatolotA.s Is. . 

175 1 

Maternillas Pt. 

128 1 

Matliew, St., I. 

1.53 I 

nkitliew’s I. . 

162 3 

— Rk. 

162 4 

Mathias’ 1. 

166 J 

Matia 

155 I 

Matitbu C. 

.39 3 

Matilda I. 

1.54 3 

Matinicus 1. . 

vin 3 

Matounda Pt. . 

48 2 

Matsou I. 

72 3 

Matthew Pt. . 

19 4 

Matthew’s, St., I 

61 4 

Matthew’s, St., Is. 

Pliilippines 

86 4 

Mattes, I. dos . 

48 2 

Matty I. 

167 2 

Matuku I. 

161 2 

Matura . 

59 4 

Maude Rf. 

93 2 

Mauger Cay . 

134 I 

Maui 

no 3 

Mauiti 

155 4 

Mauki 

157 4 

Maularaat I. 

77 4 

Maule R. 

144 3 

Matilmain 

61 2 

Maunhanc Pt. 

48 I 

Maupiti I. 

166 % 

Maura, Sta. 

31 1 

Mauritius 

58 1 

Maurizio, Port 

24 2 

Mausoleum I. 

166 2 

May C. . 

125 2 

— I. . 

6 4 

Maya 

89 3 

Mayaguez B. . 

130 2 

Mayc .Mt. 

137 3 

Mayo 

41 3 

— Pulo 

86 I 

Mayor 

21 I 

Mayotta . 

49 3 

Maysi C. 

127 4 

Mayumba B. . 

45 2 

Mazag.an 

42 2 

M azaltan 

I4H I 

Mazeewy 1 . 

.•>() 2 

iVLazeira 1. 

.53 z 

M.a.zuiilia 

48 Z 

Maz/aru 

27 4 

Mbeiiga I. 

161 4 

Meangis Is. 

90 4 

Mecatina Is. . 

120 4 

Medano 1 . 

128 Z 

— Pt. . 

140 Z 

Medas Is. 

23 Z 

Medemhlik 

11 Z 

Mednoi 1 . 

114 Z 

; Medrano Rks. 

140 4 

' Meedcnhlik 

82 3 

1 Meek Pt 

92 4 

I Meganuiu C. . 

;n 4 

Mcgara . 

32 z 

1 Mclicdia 


Africa, N.W. 42 i 

Mehcdiah 


Barliary . 

38 4 

Moh-heb-bakah 

5] z 

Meia-co-si-mah 

109 4 

Meichow I. 

72 z 

Mcklong R. . 

67 4 

Mel, I do 

139 3 

— Pt. do . 

138 Z 

Melamo C. 

48 I 

Melancias Mt. 

138 z 

Melbourne Obs. 

95 Z 

— 1. , 

117 I 

Mele, de la 

24 Z 

Meleda 1. 

30 2 


Mellila . . 39 4 

Melinda . . 60 2 

Melhsh Cays . 101 4 
Melmore Pt. . 93 

Melville O. 

Australia 100 1 
S. Shetlands 141 4 
Melville 1. 

Australia 104 1 
Harrow’s St. 116 2 
Low Arcliip. 1.56 1 
Melville Is. & U. 103 3 


— Penins. 118 4 
Melville, Ptrt 


Louchoo Is. 

no I 

S. Africa . 

47 2 1 

Memcl 

12 4 1 

Memory Rk, . 

126 4 

Meiiai I. 

50 I 

Mendana I. 

164 3 

Mendocino C. . 

149 2 

Mendoza 1. 

71 4 

Mcntchikoff Is. 

173 1 

Merat I. 

108 3 

Mercury B. 

108 3 

— I. . 

46 1 

Mercy B. Arctic 


regions 

116 z 

Mereditn C. . 

142 z 

Mergui . 

61 3 

Mento 1. 

166 4 

Merjcc R. 

69 z 

Merlera . 

30 4 

Mermaid Shi. 

105 z 

Meroe 1. 

63 Z 

Merope, 8. Shi. 


China 

72 1 

Ind. Arch. 

75 4 

Mertens C. 

114 3 

Mesa de Dona 


Maria . 

145 3 

Mesa, I. do la . 

79 1 

- Pt. 

22 3 

Messa K. 

42 z 

Mcssalonghi . 

31 Z 

Mess.na . 

27 z 

Mesurada C. . 

43 3 

Metcalfe I. 

61 4 

Metchignie B. 

114 4 

Methana 

32 Z 

Mevenklint 

17 4 

Mew H. . 

64 3 

Mewstone 

96 3 

Me.\iana I. 

137 4 

Mexico . 

133 I 

— Pt. . 

145 3 

Mexillones Mt. 

145 I 

Meyo 

90 3 

Mezen 

17 I 

M(.>zzuluna Pt. 

29 z 

Miadi 

172 3 

Miatao, Is. & Str 

. IIO 3 

Michael, St. 


Azores 

41 I 

Philippines 

80 3 

Michael, St., Bk. 

. 80 4 

— G. 

147 1 

— Mt. 23 4 

— — 

2 Z 

Michel, St., Mt. 

19 z 

Miculle Rf. . 

67 3 

Midday Rf. 

101 3 

Midway I. 

171 I 

Middelburg . 

11 I 

— I.. 

91 3 

Middle I. 


Sumatra 

63 4 

Mergui Arch. 

62 I 

Recherche Arc. 93 4 

Middleton C. . 

165 z 

— Pt. 

60 3 

— Rf. 

158 I 

— Shi. 

101 Z 

Miguel, San, B. 

78 1 

Miguel, San, 1. 


Admiralty Is. 167 i 

Mexi<x> 

149 I 

Mikhailoft . 

160 I 

Mikoulkin C. . 

17 I 


Milazzo C. . 33 1 

Milestone Rk. 61 x 

Mileto . . 28 4 

Milford . . 3 1 

— Haven 106 4 
Milla . . 66 4 

Mills Is. . . 118 3 

Milner . . 94 4 

Milo . . 82 3 

Miloradovitch I. 155 3 
Min R. . . 72 3 

Mindanao 1. 8C 1 


Mindoro 

7t t 

Minerva Cay . 

128 1 

— 1 . . 

164 2 

Minerva Rf. 


Low Archip. 164 z 

8. Pacittc . 

169 2 

Minerva Rk. . 

76 } 

Mingan Is. 

121 1 

— Patch 

121 I 

Minicoy . 

55 3 

Minorca . . 

24 4 

Mino Sinial. . 

112 4 

Minow 1. . 

49 I 

Minquiers Rks. 

19 2 

Minstrel Shi. . 

106 2 

Minto Hill 

82 1 

Miramichi B. . 

121 3 

Mira por vos . 

127 3 

Mirik C. . 

42 4 

Mirs B. . 

71 4 

Mirza Helaib . 

61 4 

Misaki C. 

112 I 

Misainis . 

80 3 

Miscow 1. 

121 3 

Miseno C. 

26 4 

Misery Mt. 

131 1 

Mispalu Is. . 

169 2 

Misratah 0. . 

38 3 

Mississippi R. 

132 3 

Misteriosa Bk. 

134 2 

Mita Pt. . 

148 I 

Mitchell Grp. 

159 I 

Mitierol. 

167 4 

Mitre C. 

17 4 

— I. . 

162 1 

— the 

44 3 

Mitylene 

35 1 

Mizen Ud. 

8 3 

Moa . . 

87 4 

— C. . 

128 I 

Moala 1. . 

161 1 

Muar Mt. 

62 3 

~ Pulo . 

90 1 

Moarree, Ras . 

55 I 

Moarru I. 

74 4 

Mobile 

132 2 

Moeamba, Port 

47 4 

Mucha 

52 4 

— I. 

144 2 

Moco Moco 

64 2 

— Pt. 

137 1 

Modcste 1. . 

111 2 

Modon 

31 3 

Moduda I. 

1.56 1 

Moelu Lt. 

139 3 

Moen L . 

12 2 

Moffen I. 

17 2 

Mogador 

42 Z 

Moghady I. 

51 3 

Mogtnog I. 

174 4 

Mogotes Pt. 

140 z 


Mohammed, Ras 52 I 
Mohillah 49 4 

Muikepaa Beac. 13 4 
Moilaii . . 62 z 

Mnkau R. . 139 f 

Moko hinou Is. 108 4 
M.ikuiigai 1. . 161 2 

iMoia 

Adriat. . 28 4 

Italy . 26 3 

Mola C. . . 24 4 

Mole I. . . 167 I 

Moleques . 139 4 

Molfetta . » 2H 4 

Molino Pt. . 23 t 
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59 2 


Mniky Rks. 

Muller 1. 

Low Archip. 154 4 
N.Paoitlc. 171 1 
Moller, Port . 152 4 

Molokai . 170 9 

Molonta 1. . 30 3 

Molpque Atoll 5£ i 
Molyneux Harb. 107 z 
Moitia Kk. . 47 4 

Mom baza . 50 z 

Mona 1. . 130 z 

Monaco . 24 

Monaatlr . 4 

Monat Pt. . 90 I 

Monchiqiio Mtns. 22 1 
Monckton Fort 121 3 
Moiicueur Is. . 95 4 

Mondego C. . 214 

Mutidigo Mt. . 21 z 

M^nduleh 1. . 44 3 

Mo^idrain I. . 93 3 

Miuiemvasia . 82 i 

Money 8hl. 

N. Australia 103 4 
N.W. Ausstral. 105 4 
Monfalcone . 29 3 

Mniifeea 1. . 50 1 

Mongaiiuillarb. 109 i 
Mong6 Mt . 22 4 

Monguti C . 130 I 

— Mt. . 140 z 

Mongulho R. . 48 2 

Monachls. . 5 i 

Motiito I. . 130 2 
Monjes . . 13G 2 

Monk Ilk. . G i 
Moukunru.shy I. 113 z 
Monmouth 1. . 77 3 

Mouncrun 1. . 1 1 3 4 

Moiiodendri . 3G 1 
Honulitho C. . 3G 2 
alononiy I't. . 121 3 

Monopin HiU . 6ft z 
Klonopoli . 28 3 

Monrovia . 43 3 

ivLonsia Mt. . 23 i 

idoiitague C. . 143 4 

ontague I. 

Australia . 97 4 

China . 73 2 

Mew Hebrides 1 G3 4 
Russ. .Anier. 151 4 
8audv\ich is. 141 2 
Montague, Port IGG 3 
— Rks. 31 3 
Montali vet Is. 104 4 
.Montaran Is. . GG i 
>ioutauk Pt. . 12.'> 1 

Mont do Trigo 139 3 
Monte Altis.simo 2G 1 
Montebello Is. lOG 2 
Mon^e Christi B. 

& Rk. . 129 3 

Monte Circello 2G 3 
Junto . 21 4 

Moreno 139 i 
Stcllo . 2.5 4 

Ventoso 21 z 
Monte Video 

China . 73 4 

Patagonia 141 i 
R. Plate . 140 I 

Vior.tecristo I. 2G z 
Montego B. . 129 i 

Monterey . 149 i 
Monteverdo Is. 173 4 
Montgomery Is. 1 10 2 
Montpelier 23 3 

Montrose 6 3 

Montfi.Pt. . 121 I 

Montserrat . 131 z 

Montuosa I. . 147 z 
Monty C. . 1 13 3 
Monument I. . 163 4 
Monee O. . 65 1 

aioolegee Li. . 80 4 

MoorL . , 171 X 


Moore Pt 

92 

4 

! Mulu I. 

88 I 

1 Nasca Pt. 

145 3 

i Mouse, Fort 

1 19 

z 

- Mt. 

74 4 

1 Nash Pt. 

4 

Mootapilly Shi. 

GO 

2 

1 rnumbles Lt. . 

2 4 

Nash’s I. 

123 z 1 

Mupelia . 

1.66 

2 

> Munibolithe Rf. 

IGl 2 

Nassau . 

127 2 1 

Mopiii.<i . 

1.66 

1 

1 Muneottu Pt. . 

(ib 2 

Nas.sau C. 


Morant Cays . 

129 

2 

Aiundauny, Kos 

64 4 

Brit. Guiana 137 z 

— Pt. . 

129 

1 

1 Muiiro Mt. 

96 z 

Nova Zeiiilia 17 z 

— Port . 

129 2 ! Mureielagos I. 

80 Z 

Nassau i. 

157 z 

Morea Castle . 

3l 

2 

Murder i. 

48 3 

Nata, La 

33 Z 

Moreno Mt. . 

14.J 

1 

Murdei-er’s B. 

48 3 

Natal B. 

64 1 

Moresby I’t. . 

60 

I 

Muro C. 

26 3 

— C. & Port 

47 1 

— Port . 

92 

2 

Murut Hill 

50 A 

Natashquaii Pt. 

121 1 

— I. , 

168 

I 

Murr Is. 

12004 

Nutunas 

•j 7 3 

Moresses 

82 

z 

Murray I. 

1G.1 I 

Naturalisto 

93 1 

Moreton C. 

98 

z 

— Is. . 

101 z 

Nau C. . 

28 Z 

Morgan C. 

47 

I 

— R. . 

95 1 

Nausset 

124 2 

Moriarty Bk. . 

96 

z 

Murray’s Sound 

111 z 

Nautilus I. 

171 4 

Morjovetz 1. . 

17 

I 

Murry Is. 

141 3 

RU. 

32 1 

Morlaix . 

19 

3 

Mui^a, Port 

77 z 

— Shi. 

162 2 

Mornington 1. 

103 

1 

Musgrave Is. . 

173 3 

Xiikviik B. 

119 3 

Morocco 

39 


MushM), . Ras 

64 Z 

Nil vail ), Port . 

20 I 

Moi'u tiri Is. . 

108 4 

Mushabeal^ I. 

62 Z 

Niivurin C. 

114 j 

Morotoi i. 

170 

3 



Navarino 

31 3 

Morrison Mt. . 

74 

t 

Musquillo Is. . 

173 I 

Niiva.'-a 1. 

129 4 

Morro cliico . 

14G 4 

Musquito Cays 

134 3 

Naviil.aii. Port. 

147 4 

' dePuercosM? 

I 

— Iilet 

126 3 

N/ivigjitor’s Is. 

1.5.8 2 

— di PorcoC 

27 

5 

Musquitos Pt. 

135 3 

Niivnla Pt. 

101 3 

— 1. 

136 

4 

Mussendom C. 

53 3 

Naxos 1. . 

r 

— of Harcel. 

13G 

3 

Muta, Pt. de . 

138 4 

Na/arii‘,St..Port 

20 2 

— of Sama 

145 

z 

Muzon C. 

151 2 

Nazareth it. . 

1.) z 

— of Seiba 

133 

z 

Myctiui 1. 

33 1 

— Pt. . 

21 4 

— Pt. 

145 

I 

Myggenoes I. . 

G 1 

Naze Lt. 

15 4 

— San .Tuan 

139 

I 

Mypurra 1. 

60 3 

Necker I. 

171 I 

— Solar . 

145 

4 

My.soIe 

89 3 

Needle Rk. 

9G 3 

— St. Paulo 

138 

4 

Mysory I. 

1G8 4 

Needles Lt. 

1 4 

— Tihao . 

138 

2 



Negapatam 

60 I 

Morros, Pt.dolos 133 

1 

Naliend, Ras . 

.54 3 

Ncguinbu 

.69 t 

Mori Pt. 

2 

3 

Naoascolo, Port 

147 3 

Negrais C. 

61 Z 

Mortigliano Pt. 

2G 

z 



Negril Pts. 

129 1 

Mortlock Is. 



NadiejdaC. . 

U2 4 

Negro C. 


Caroline Is. 

173 4 

— Rks. 

IN 4 

Brazil 

139 I 

S. Pacific 

IGi 

J 

Nagaeir C. . 

IN 4 

W. Africa 

45 4 

Morty 

90 


Nagel 1. 

16 4 

Negro R. 

140 3 




Nahkiaincn Shi. 

14 1 

Nogrepoiit 

33 Z 

Moruptangc Lt. 

15 

z 

Nain 

119 3 

Negros 1. 

79 z 

Mosul I. . 

60 

z 

Nairai I. 

161 Z 

— Is. 

107 I 

Moscos Is. 

61 

3 

Nairsa 

1.55 3 

Neiafou 

160 1 

Mosque Pt. 

GO 4 

Naitainba I. . 

160 4 

Neill, Port 

117 3 

Mosquito Lagoon 42 4 

Nakkelioved . 

12 Z 

Nelson 

107 4 




Nakutipipi 

15.5 1 

— Port . 

104 4 

Mostaganem . 

39 

J 

Naisoe L 

G I 1 

Nelson’s C. 

9.5 z 

Mo.<-tuza 

39 

4 



— Hd. . 

16S I 

Motane 

I.5G 

z 

Nambu Port 1 12 z 

— r. 

.57 3 

Mother Rk. . 

137 

5 



Nengo-Nengo. 

1.55 I 

Motir 

90 

z 

Nameijm' 1- • 

48 z 

Neiiean I. 


Mutou -aro C. 

109 

I 

Nam-ki 1. 

73 I 

S. I’iicifio. 

15() 4 

Motouheka I. 

108 

z 

N amoa , 

71 3 

’Forres St. 

102 3 

Motouhora I. 

108 

3 

— I. 

72 1 

Neydune Is. 

94 3 

Motou-iti 

1.5G 

3 

NamoIipifianGrp 174 1 

Nerva 

13 3 

Motoii Kawa Is. 

109 

I 

Namiilouk Is. 

173 4 

Netherlaiai 1. 

1.59 Z 

Motril 

22 

3 

Naniuuka 

159 3 

Neuf, l>e, I. . 

56 z 

Mututunga 

1.54 

4 

Nanioun. Grp. 

171 z 

Ne u fall r w as.ser 

12 3 

Mouiiiuga I. . 

17 

I 

Naiuourek Is. 

174 3 

Nevil 1. . 

176 I 

Muudros 

34 

I 

Narnouyiii Islet 

174 I 

Nevis 

131 I 

Moul Hd. 

6 

3 

Nain-quan 

72 4 

Nuvisink Lts. . 

125 z 1 

Mount C. & R. 

43 

3 

NuinuUa 1. 

IGI 4 

New A mstenliim 1.37 z 

Muurache C. 

11.5 


Naiiiurek 

173 1 

— Beiltord . 

124 4 

Muurchefio 

34 

I 

Nancy, I'ulo . 

G3 z 

— Britiuii . 

166 Z 

Mourillou Grp. 

174 

1 

Nanek R. 

1.51 3 

— Brunswick 

123 1 




Nangasaki 

111 3 

— Culeiloiiia 

163 2 

Mourondava . 

48 

3 

Nanka Is. 

6.5 I 

— Dungeness 

1 

Monrovia 

43 

3 

Nankin 

110 2 

Pt . 

149 3 ! 

Mousa I. 

5 

4 

Nanouki 

162 3 

— G rciiada 

I3.) 4 1 

Mouse 1. 

167 

I 

Naiioiitl 

162 2 

— Guinea . 

91 3 1 

— Lt. 

8 

2 

Nantes . 

20 2 

— Hanover 

166 z i 

Mbwee 1. 

170 

3 

Nantucket 1. . 

124 3 

— Huven.lJ.S. 12.) i 

Mowiia Roa Mt. 

170 2 

Naiiuku I. 

IGO 4 

— Hebrides 

l)i3 4 

Moxacar 

22 

3 

Nao C. . 

22 4 

— Ireland . 

16G 1 

Mozambique . 

47 4 

Napakiang 

no I 

New I. 


Moze 1. 

ICO Z 

N aples . 

26 4 

Falkland Is. 

142 I 

Muke L 

4 

3 

Napoli di Rom. 

32 z 

Tier, del Fue. 143 i 

Mucksa C . 

64 4 

Naranjo Port 

128 1 

New Jersey . 

P2.5 Z 




Narbonne 

23 3 

— l.oiidun . 

125 1 

Mugeres I . 

1.33 

4 

Narborough C. 

143 } 

— Urkueys 

141 3 

Muiron I. 

lOG 

3 

Narborougb I. 


— Orleans . 

132 3 

Muleje . 

148 

z 

Galapagos 

1G9 3 

— Pt. Comfort 125 4 

Muletas Archip 

’35 

3 

Patagonia 

144 I 

— Providen.I 

l‘i7 z 

Mulgrave Fort 

96 4 

Narcondam . 

63 I 

— , S. Shetland 141 4 | 


New York . 13ft f 
~ — I. . 170 z 

— Zealand . lOG ♦ 
Newark 1. . 11 ^ 

Newurp . . 7 4 

Newbury, Port 124 t 
Newcastle 

Australia . 9n t 
England 7 ■ 
Newenham C. 150 4 
Newtbunclland 1 19 4 
Newhaven . 1 3 

Newport 

England . 2 4 

Ireland . 9 Z 

Rhode I. . 124 4 

Newry . . 10 1 

Nganaiti . 154 1 

Ngurik . . 173 4 

Nguuwy Ft. . 50 ^ 

Nhao I. . . 161 7 

Nhatrang B. . 68 z 

Nias, Pulu . 63 4 

Niau I. 

Fccjee Is. 160 \ 
Low Archip. 165 i- 
Nicaria . . 36 1 

Nice . . 24 z 

Nicero . . 36 z 

Nicholson, Port 108 ■ 
— IShl. 168 z 
Nickerie, Fort 137 z 
Nicoluir Is. . 63 z 

Nicolao Rf. . 128 z 

— St., Port 32 3 
Nicolas, St. . 41 z 

Cat 7 4 
~ I 149 I 

— Mole 129 3 

— Pt. 64 4 
Nicolaycv . 34 3 

Nieolu, St., Mt. 31 > 


Nicols I. . 

Nicoya (1. 

Niddingen 
Niedlingen 
Nielson Uf. 

Nieui)ort 
Nightingale I 

CuclunChina70 I 
S. Atlantic 45 t 
Nightingale Rks. 16 i 


103 I 
147 z 
1.5 Z 
M 4 
157 3 

10 4 


15.5 a 
170 4 
. 116 4 

32 I 
. 87 4 

38 


Niliiru 
Nuhuu 
Nikolai Pt. 

Nikoiu, St. 

Nila 
Nile 

Nillandoo Atolls 66 1 
Nimrod Grp. . 153 4 

Nimrod’s Eutr. 101 I 
Nine-feet Rf. . 74 J 

Nine Is. of Carte. 164 } 
Ninepin 1. . 48 4 

Ninepin Rk. 

China 71 4 

Indian Ocean 58 z 


N in fas Pt. 
Niiig Po . 
Ninipu Pt. 
Ninth 1. . 
Niol. 

I Nipa Nipa Pt. 


140 3 
73 3 
79 z 
97 2 
32 4 
83 4 
112 I 
130 I 
164 Z 
158 Z 


Nisao Pt. 

Nitendi . 

Nma-fii 
Niua-tabou>tab. 168 2 
Nmkalofa . 159 3 

Nnarlunga , 96 t 

Noble I. 

Australia 100 i 
, New Zealand 1Q7 1 
Noel, Port . 172 4 
Noesa Comba 82 z 
— Laut . 89 M 

— Seras '. 82 a 

Nocbsaniva Pt. 89 t 
Nogou-laoudzaUt ICO 4 
Noir C. . . 143 a 

Noii*inou8tier . 20 z 
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Noja Spit 

133 4 

Noll 

24 a 

Noman’s Land 

124 4 

Nona • 

29 4 

Noncowry I, , 

63 2 

Noo, Ras 

53 1 

Noowook 

1.53 2 

Nnrdskaren • 

14 I 

Nordwyk Lt. , 

11 2 

Nore Lt. . 

1 1 

Norfeo C. 

23 Z 

Norfolk I. 

156 4 

— Mt. . 

96 z 

.Herman I. 

130 3 

North Berwick 

6 4 

North Bluff . 

118 1 

North C. 


Amazon . 

137 4 

Asia 

114 4 

Iceland , 

18 I 

Ind. Arch. 

75 3 

Norway . 

16 3 

North Danger 

70 I 

North I. 


Cargados , 

574 

Eastern Arch. 64 4 ; 

Seychelles 

57 1 

North, Lord, I. 

176 1 

Northumberl. C. 

95 z 


— Inl.n7 4 

— Is. 98 4 
— Shl.90 4 
North-west I. G5 j 
Norwalk 1. . 125 l 

Noi'way . . 16 3 

— Is. . 70 } 

NoshoBarracouta49 1 
Noss lid. 

Scotland . C 1 
Shetland . 5 4 

No-is Beh I. . 48 4 

NossVehl. . 48 j 

Nossa Sen., Mt. 21 j 
Nostra Senhora de 
Desterro . 139 4 
No-te-perderas 
Mt. . . 133 z 

NotoC. . . 112 3 

Nottingham T. 118 3 
Noun (1. & R. 42 3 
Noup Hd. . 5 3 

Nourse tt. . 45 4 

Nouvelle, La . 23 3 

Nova Redonda 4.5 3 
— Hrotiu . 122 3 

— Zcmlia . 17 1 

Now Chow . 71 3 

Noyshap 0. , 112 4 

Nuala . . 1-58 3 

Nuevo G. &Hds. 140 3 
Nugu Ongea Rf. 160 i 
Kukahiva . 156 3 
Nukufetau . 159 i 
Nukulau I. . 161 3 
Nuku Leru Rf. 160 4 
N ukumubasanga 
1 . . . 160 4 

Nukunono . 157 a 


Ntimba I. 

48 1 

Nuniwakl. 

153 I 

Nus, Ras 

53 z 

Nusa Baron I. 

85 I 

— Cambangan 85 1 

— Nesstng . 

87 2 

Tellols. 

88 Z 

NuytsPt. 

93 1 

— Rfs. . 

91 I 

Ny Carleby . 

14 I 

Nyeborg Lt. . 

12 I 

Nygrund 

Nyhamn 

14 3 
13 4 

Nysted . 

13 4 

Oahu 

170 3 

Oaitupu , 

159 2 

Oalan I. . 

178 3 

Oatofu > • 

157 Z 

Oban . . 

4 z 

Obdorsk . 

116 I 

Obi a. . 

116 t 

Obuipo , 

133 3 


O’Brien I. 

141 1 ' 

Oby Is. . 

68 I 1 

— Pulo 

89 2,3 

Ocean I. 

N. Pacific 171 I 

,173 2 

8. Pacific . 

162 4 

Ocean Is. 

173 I 

Ocili Harb. . 

164 Z 

Ock.scu Is. 

72 z 

Ocracock Inlet 

125 4 

O'My Sand 

44 Z 

OJoniii'a 

22 t 

Odenshoim 

13 I 

Odo.s.sa . 

34 3 

f )e, Mull of . 

4 z 

Oeno 1. . 

154 r 

Oetablas I. 

78 4 

Dlfak Harb. . 

91 z 

Ofn-l.anga 

159 4 

Ofoo I. . 

158 3 

Ogle Pt. . 

117 I 

Olu'teroa 1. 

1.57 4 

Olioiira .Mt. . 

109 z 

Okatootuia 

1.5K I 

Oki Is. . 

112 3 

Okosirl. 

1 13 I 

Okotsk . 

114 I 

Oland 

14 4 

Old Fort I. 

120 4 

— Ild. 

5 Z 

— Propriet.Sh.l23 2 

— Providence 
& Catalina Is. 

134 4 

Oleliot . 

88 I 

Olenea I. 

160 Z 

Olciisk R. 

115 1 

01 cron I. 

20 3 

Olifant’s R. 

46 I 

Oliniarao Is. . 

174 3 

Olinda Pt. 

I08 3 

Olivo 1. . 

94 1 

Ollapl. . 

174 z 

Olutaya Islet . 

79 3 

Olutorsky C. . 

114 3 

Olympus Mt. 
A.sia M. . 

35 3 

Gi’oc. Arch 

33 3 

Oman G. 

53 3 

Ombay . 

87 I 

Ombrone R. . 

26 z 

Omega Shi. 

6.5 I 

Ommanney C. 

151 z 

Oinoa 

134 I 

Oneata I. 

160 z 

Onechow I. . 

170 4 

Onega 

17 I 

Onomene R. . 

114 3 

Ongea 1. 

160 z 

Ono 1. . 

161 4 

— Is. 

160 I 

Onoune Islet . 

174 z 

Ons I. 

21 3 

Ontario Rf. . 

66 I 


Ontong Java Is. 164 3 
Ooglit Is. . 1 IH 3 

Oolugan Ft. . 75 3 

Gomel Grushe 51 3 
Oparo I. . 1.57 3 
Open B. . 108 ^ 
Ophir Mt. . 64 1 

Oporto . . 21 3 

Opotiki . . 108 3 

Oraitilipou Bk. 174 3 
Oran . . 39 3 

Orange B. . 143 i 
— C. . 137 3 
— Cays , 127 i 
— Fort . 90 z 

— I. . 77 3 

— Pk. . 142 4 
— B. . 46 I 

Orani . . 76 3 

Oran-Souari C. 168 4 
Orchila . . 136 x 

Ord of Caithness 6z 
O’Reilly I. . 117 i 
Oregon . . 149 z 

Orford C. 


Orford C. 


New Britain 166 l 
Oj*fordtiess 


Au.stralia 

100 3 

I'.ngland . 

8 1 

Orient, L’ . 

20 I 

Orinoco . 

137 I 

Oristano 

25 I 

Orizaba Mt. . 

133 I 

Orkney Is. 

5 i 

Orlando C. 

28 I 

tt^lovsk . 

16 4 

Orrne’.s lid. 

3 Z 

Ormsboe Shi. . 

91 1 

Orne 

18 3 

Orolong . 

173 4 

Oronte.s Rf. . 

103 4 

Oropesa C. 

23 I 

Orotava . 

40 3 

Orole Islet 

171 4 

Orrengrund . 

13 3 

Orskar Lt. 

14 3 

Ortegal 

21 Z 

Ortiz Bk. 

140 z 

Orton a . 

29 1 

Orulia I. . 

1.36 Z 

0 .Sima 1. 

112 4 

Os Ilheos 

1.38 4 

Osborne C. 

116 I 

— Rf. . 

157 3 

Oscar, Fort 

1.31 I 

Osnaburgh T. . 

154 3 

Osprey Shi. . 

102 I 

— Mt. 

33 3 

— Skerry . 

5 4 

Osteiul . 

10 4 

Osf e rgarn.sholm 

14 4 

Ostet lcy Shis. 

65 4 

Oster Y bkel . 

18 1 

O.stro, Pt. 

30 Z 

Olago Pt. 

107 Z 

Otaha I. . . 

156 Z 

Otaheite I. 

156 I 

Oteliakov 

34 3 

Otdia . . 

172 3 

Oteu I. . 

108 4 

Oteavaraea 

1.56 z 

Otihi 

154 4 

Otoohoo I. . 

154 z 

0 toque Is. 

147 I 

Otou C. . 

109 Z 

Otranto . 

28 3 

Otway 0. 

95 Z 1 

— Port . 

143 4 

Ouap 1. . 

174 4 

Ouda R. . 

114 1 

Oudou-oudou 

109 I 

Ouessant I. 

IGS I 

Ougamok 1. . 

i.52 Z 

Ouleay Is. 

174 3 

Oiiliouthy Is. . 

174 4 

Ouinnack 1. . 

152 z 

tfunalashka I. 

1.52 2 

Ounalga 1. 

152 z 

Ounekutan I. . 

113 z 

Ouniinack 

1.52 I 

Oura 1. . 

1.54 3 

Ouroup I, 

113 I 

Outao 

22 I 


Oval Mt. . 43 4 

Ovalau 1. . 161 3 

Ovalu I. . . 161 3 

Oven, The . 140 4 
Ovo I. 

Archip. . 36 3 

Greece . 32 I 

Owen, Port . 61 3 

— Shi. . 68 4 

Owers Lt. . 1 3 

Owharree Harb. 166 z 
Owhyhee 1. . 170 1 

Owl’.s Head B. 123 3 
Oxis I. . . 31 z 

0x6 Lt. . . 15 3 


Oyolava . 

} 

Oyster B. 

97 I 

— 1. 

60 4 

— Rks. . 

59 Z 

Ozernoi C. 

Ilf 3 

Ozy Pt. . 

50 3 

Pabbay I. 

5 I 

Pacasmayo Pt. 

146 Z 

Pacence, Ras . 

55 I 

Pachacainac Is. 

145 4 

Pacific . 

152 Z 

Packer Ort . 

13 I 

Padang Hd. . 

61 Z 

Padaran C. 

68 Z 

Paddeway B. . 

87 3 

Paddipholo Atoll 

55 4 

Padre, Port del 

12H I 

Padron Pt. 

46 4 

Padstow . 

2 3 

Pagoda C, 

68 z 

— I. 

Pagoda Pt. 

72 z 

E. Africa . 

50 I 

G. of Martaban 61 3 

Pagon 1 . 

172 z 

Pagnayan 

76 I 

PagtiliUJ I. 

78 3 

Paihea Mi.ssion 

10!) 1 

Puilluri t;. 

33 4 

Paiinbocuf 

20 z 

Pjyaro J. 

135 1 

Pajaros Islets . 

144 4 

Puk Chan R. . 

61 4 

PttkcfieldLt. . 

7 4 

Palabi 1. 

77 I 

Palais, Port de 
Palaon B. 

20 I 

76 z 

Palapa, Port . 

78 4 

Palawatt 1. 

75 z 

Palazzo, Port . 

30 z 

Palembang Pt. 

85 z 

Palermo 

28 1 

— Port 

30 3 

Pali C. . 

30 3 

Palinunis Rfs. 

52 Z 

— Shi. 

Palliscr C. 

53 I 

New Britain 

166 Z 

New Zealand I08 1 

Palm Is. 

Palma 

99 3 

Canaries . 

40 3 

Migoi'ca . 

24 3 

Palmajola I. . 

26 Z 

Palmiirola 1. . 

26 3 

Palmas . 

40 z 

— C. . 

43 4 

— I 

80 I 

— Pt. . 

133 Z 

Palmer Shi. . 

65 4 

Palmerston C. 

99 1 

— Is. 

158 I 

Palmetto Pt. . 

127 Z 

Palmiras Pt. . 

60 3 

Palino C. 

148 3 

Palmyra Pt. . 

60 1 

Palmyras I. . 
Palomos I. 

170 Z 

Africa 

39 3 

Spain 

22 z 

Palompon, Port 

79 I 

Palapa . 

84 1 

pKlos 

83 f 

— C. de . 

22 4 

Palumban Is. . 

78 I 

Paman C. 

48 z 

Pamanoukan Pt 

84 Z 

Painaroorig 1. . 

81 4 

Pampatari 

136 4 


Fan de Azucar 147 z 

— de Guaijaib. 128 z 

— doMatanzasFiH z 

Fanagatan Shi. 76 l 
Panagia C. . 27 3 

Panagia Nisi . 33 4 

Panama . . 147 i 

Panaon 1. . 79 z 

Panaria 1. . 37 Z 


Pansy I. . 79 3 

Panchal. , 21 i 

Panda git an . 80 I 

PandanPt. . 76 Z 

Pandora Entf- 01 I 
Pandora Rf. 

Solomon Is. 165 3 
S. Pacific 162 I 

Panganl Pt. . 48 Z 

Panghu I. . 74 I 

Pangootaran . 81 T 

Pfttigo-Pango . 158 3 
Panjaiig, Pulo 

G. of Siam 68 1 
J ava, N Coast 84 3 
New Guinea 108 4 
N.W.ofBanca66 Z 
Panjang I. . 84 4 

PanUaPt. . 84 3 

I’anlui R. . 81 4 

I’anfar . . 87 I 

Pantellarial. . 28 1 

P.iimmbangam 66 1 
Pao ,\lt. . . 48 I 

Papa I , . . 34 Z 

P.spa(l(> B. . 144 4 

Papas C. 31 3, .36 I 
i’apeete Harb. 156 I 
Paposo . . 145 I 

Paps of Bio Bio 144 3 
Pa<]uii|ul C. . 145 2 
Para . . 137 4 

ParaccaVill. . 145 4 
Paracels . 71 I 

Parahyba R. . 138 z 
— doNor.R.138 3 


Parallel Pk. . 

143 4 

^aratnaribo . 

137 3 

Paramatta 

98 1 

Paranagua B. 

139 1 

Parang, Pulo 


Ind. Arch. 

89 1 

Java Sea . 

85 Z 

Parasati 1. . 

79 I 

ParceLir Hill . 

62 Z 

PareccVela . 

171 4 

Pai e<le.s, Pt. de 

21 4 

Paronzo . 

29 3 

Parga 

30 3 

Fargo Pt. 

40 I 

Parigy . 

83 3 

Purina Pt. 

146 3 

Paris 

18 3 

Parrne.sang Hill 

65 1 

Paros I. . 

33 I 

Parry C. 


Arner.N. Coast 117 z 

Greenland .115z,4 

Parry I. 

157 4 

— 1 slet 

173 z 

Parry’s Grp. . 

171 3 

Partridge 1. . 

123 1 

Pasanhan 

81 1 

Pasha Harb. . 

34 1 

Pasley C. 

93 4 

PassChristianLt.132 z 

Passado C. 

146 4 

Fa.s.sage Bk. . 

166 3 

Passage 1. 


Banda Sea 

87 ! 

Fiji Is. 

161 1 

Madagascar 

48 4 

Philippines 

90 3 

S. China . 

71 J 

S.E. China 

72 z 

Sumatra . 

63 4 

\V. Indies 

130 3 

Passage, Port . 

20 4 

Pa.ssamaquod. B 123 z 

Passandava B. 

48 4 

Fassaro I. 

27 1 

Passarouan . 

84 3 

Passe, I. le . 

67 z 

Passier . . 

81 4 

Passig L 

90 1 

1 Fasay 0. 

99 3 
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Pata . . 8 ! i l»eloi*U 8 Ilk. . 90" i Petit Manan . 123 z Pirate Cay . 136 2 ■ Pontang Pt. . 84 2 

PatiM^onla . 140 4 Pelsart Grp. . 92 4 Petite Teri*e . 131 3 Pirate !». Pontiaiiak B. . 74 | 

Patahecuok I. 78 ^ Petracciato . 29 i G-ofTonquin 70 3 Penza I. . 26 3 

Patani & O. . 67 4 Pemba I. . 80 2 Petrie Rf. . 163 i Philippines 76 I 

Patchitan B. . 88 i Peinbrey . 2 4 Petrolo Pt. . 27 4 Piraussu Hill . 138 l Poole . . 1 4 

Palchusan 1. . 109 4 Pembroke . 3 x Pha-iee-doo Atoll 56 i Pisa . . 26 1 Popa, Pulo . 89 ] 

Paternoster Is. 15 3 Pembroke C. Pliauari C. 33 4 Pisagua R. . 145 2 Popo . . 44 X 

— Pt. 46 2 Falkland Is. 142 3 Pisan . . 39 2 

Paternosters, Qt. 85 4 Sonthampt. I. 1 18 4 JPhiladolphia . 125 3 Pisang, Pulo Porcelli Rks. • 27 4 

— Lit. 82 4 Penang I. . 62 2 Porcos Is. . 139 2 

Paterson C. . 106 4 Philip I. Pitt Passage 89 3 Pori 1. . . 32 i 

— I. . 173 1 Pena.H C. Caroline Is. 174 2 St.ofMalac. 623 Poriarn Pt. . 61 » 

Paterson, Port Siwiin . . 21 i LowArchip. 1 Sumatra . 64 3 Porirua Harb. 108 I 

& B. . 104 2 Tier, del Fueg. 143 1 S. Pacific 156 4 Pisco . . 145 4 Poromoushir 1. 113 2 

Patience C. . 114 I Pcncarrow Hd. 108 1 Philip Broke C. 115 2 Piscopia . . 36 2 Poros I. . . 32 2 

Patiro C. . 84 i Peinla Shi. . 48 i — de Bengiiel.4.'> 3 Pise I. . . 174 i Porquerolles 1. 24 1 

P.itmos . . 30 I Pividulum Is. . 115 z Philippcville . 39 z Pi.serarr . . 174 2 Porpoise C. . 123 4 

Patook H. . 134 3 Peiicilo de San Philippine la. 76 3 Pisoma I. . 103 1 Portage I. . J 2 l 3 

Patras . . 31 2 Pedro . . 42 i Phillip J. . 95 2 . Pisnra II. . 146 3 Port-au-Prince 129 4 

Patrick, St., Hd. 97 1 Penguin I. . 141 i — Port . 95 a Pitcairn 1. . 154 1 Portendik , 424 

Patrociiiio I. . 171 l . Phineka . . 37 2 Pitea . . 14 2 Portitski . 34 3 

Patta . . 50 3 — Pt. . 141 3 I’hipps C. . 151 3 Piton, Gt. . 40 I Portland 

Patten Pt. . 109 i Pcnha Grande 42 3 Phoenix I. . 15T x Pitt Bk. . . 57 3 England . 1 4 

Paul do Loando 45 3 Peni I. . . 13 z Phoowa Moloku 1. 56 Z — C. . . 165 z Maine, C.S. 123 4 

Paul, St., C. . 44 I Peniacola . 23 i Phuyen Harb. 68 3 Pitt 1. Portland C. 

— Cath. 1 I Pcnlan Pt. . 20 i Piana I. . . 39 i Gilbert Arch. 162 3 Ciipe Breton 122 i 

— Harb. 152 I Penma(|uid Pt. 123 3 Pianosa I. S. Pacitic . 1.53 4 V. Dieiiian’sL. 97 i 

— Rks. 42 I Penmarc’h Uks. 19 4 Adriat. . 29 i S. Shetland 142 i Portland I. . 17 4 

Paul, St., I. Penna Pt. . 29 i Italy . 26 z Pitt Passage . 89 3 — Is. . 166 z 

Ind. Ocean 58 z Pennant Pt. . 122 3 Pic de TKtoilo 164 i Pittie . 55 z Portland Pt. 

Low Archip. 1.55 4 Benncc, Pulo . 64 i Pichidanque B. 144 4 Placa Is. . . 36 3 Hudson’s B. 119 z 

N. America I 2 l 4 Pennsylvania I. Picholo Pt. . 145 z Placentia Harb. 120 z Jamaica . 129 i 

Russ. Amer. 152 4 69 3,4, Pickering Pk. . 101 3 Placer de Jagua 128 3 Portland Kk. . 129 z 

Paumben Pt. . 59 3 PennsylvaniaShls.69 4 Pic i.amanon . 113 4 ‘ Pladda Lts. . 4 z Portlock Uf. . 102 2 

Fauna Pt. . 50 i Pico . . 40 4 Plaintain Is. . 43 2 Port-oii-Craig 6 3 

Pauroma R. . 137 2 Penrhyn C. . 118 4 — Fragos . 48 i Plaka C. . 34 1 Port Patrick . 4 l 

— 1. . 157 I — Kuivo . 40 T Plana Cays . 127 3 Fort Royal 

Paxlmades Is. 36 4 Pensacola B. . 132 2 Picos Pt. . 146 3 Plana I. Jamaica . 129 2 

Paxo I. . . 30 4 Pentecute 1. . 163 4 Picton Harb. . 122 2 Archip. . 36 3 S. Carolina 126 I 

Payta . . 146 3 Pentire Pt. . 2 3 Piedra de Mar 148 i Spain . 22 4 Port Royal Harb. 1 34 2 

Peacock I, . 156 2 Pentlaiid Skerries -5 1 Piedras Cay . 128 2 Planior 1. . 23 4 Porto Bello . 135 3 

Peaked 1. . 98 4 Penxance . 2 2 — Cay de 128 3 Plata 1. . . 146 4 — Cabello 136 3 

Pearce Cay . 102 3 Pepe C. . . 128 3 — Pt. . 128 3 Plate I. . . 108 3 — Fino C. 25 4 

Pearce Pt. . 94 4 Pepin 1. , . 107 4 Pierre au Vrack 18 4 — 11. . . 140 i — Grande 41 2 

Australia 104 1 PoraC. . . 24 4 — St. . 19 i Platform Pt. . 129 3 Porto Novo 

Pearl Bk. . 804 — Hd. . 102 4 Pierre, St., I. Platte I. . . 56 3 Coromandel 60 1 

— I, . , 67 4 — Pulo . 62 2 Aiiambas 67 2 Playa MariaB. 148 4 Gold Coast 44 1 

— Lagoon. 136 1 Perallo Pt. . 25 3 Ind. Ocean 56 4 .' Plea.sant C. . 165 2 Porto Re . 29 3 

Pearl & Hermes Percy!. . . 95 2 Newfouadid. ) 20 z — I. . 162 4 — Rico I. . 130 2 

Rf. , . 171 I — Is. . 99 X Pierson C. . 167 4 — R. . 123 2 — Santo . 39 4 

Pearson Shi. . 693 Peregrine Pt. . 118 3 Pietro, St., I. . 25 z Pleimnont . 19 i — — I. 136 4 

Pearson's Is. . 94 2 Perez I. . . 133 4 Pigali I. . . 174 z Picitonburg B. 46 4 — Seguro . 138 4 

Pecora C. . 25 i Pereinul-par . 55 2 Pigeon I. Plougnerneau 19 4 — Vucehio 25 4 

Pedaso . . 29 1 Perforated Rk. 68 3 DampicrStrt. 91 2 Plum I. . . 49 z Portrush . 9 4 

Pedder Is. , 172 4 Perirn I. Ceylon . 60 i Plumb I. . 124 i Portsmouth 

Pedestal Pt. . 46 i Arabia . 53 i Malabar C. 59 z Plummer I. . 117 4 Eiiglaml . 1 , 

Pedir Pt. . 66 4 India . .58 4 Pigott Pt. . 91 2 Plymouth Mass. U.3. 123 4 

Pedro Blanca . 96 3 Pernambuco . 138 3 Pih-ki-shan Ls. 73 i Ihiglaml . 2 i Portugal . 21 3 

— Branca62 3,71 4 Pernau . . 12 4 Pih-quan Pk. 73 i Mass Ll.S. 124 z Porlugaiete . 21 1 

Pedro Bk. . 129 2 Peron Is. . 104 2 Plh-scang Is. . 72 4 Montserrat 131 z Possession C. . 92 2 

— Bluff . 129 I — Mt. . 924 Pilierl. . . 20 2 New . lO'J 3 S. Shetlands 141 4 

— de Roda 23 2 Peros Banhos Is. .57 2 Pillar C. Pnaougoun C, 114 4 Tier, del Fueg. 142 4 

— Nalasco 1.148 2 Perpendicular Pt. 97 4 Magellan St. 143 3 Pocklingion Shi. 167 z 

Pedro Pt. PerpetuaC. . 149 2 V.Diem. L. 96 4 Pnge C. . . 1*24 3 Possession I. . 46 i 

Jamaica . 129 i Perpignan . 23 3 Pillau . . 12 3 Poivre Is. . 56 3 Torres Straits 102 1 

Sumatra . 66 4 Persian G. . 53 4 Pinckney, Fort 126 i Pol do Leon . 19 3 Possession Mt. 117 3 

Pedro, St., B. 148 4 Perth . .924 Pine C. . . 1*20 2 Pola . . 29 3 — Nor. I. 102 4 

— I. . 156 2 Pertominsk . 17 i — Pk. . 99 1 — I. . . 158 4 

PeejowVill. . 861 PertusatoMt. 2.54 Pines C. . 163 i — Sta., C. . 224 Post Horse Rf. 863 

Peel Peru . . 145 3 Pines I. Pollcandro I. . 32 4 — Office B. 169 2 

Australia 93 i — I. . . 162 2 Cuba . . 128 3 Policastro . 27 i — Orange . 137 3 

England . 3 4 Pervo-ousmotren- New Caledonia 163 z Polignano . 28 3 Postilions . 86 2 

Peell. . .1713 naia . .17 2 Ping-hae B. . Ill 3 Pollllo I. . 77 4 

Pegasus, Port 107 i Pesanda Is. . 91 3 Ping-hai . 72 2 Polino I. . 324 Pottbakker I. . 90 z 

Pegu . . 61 I Pesaro . . 29 2 PinheiraPt. . 139 4 Pouhia-i-wakadi 108 3 

Peignes Rks. . 32 4 Pescador I. . 146 i Pinnacle I. Poliwero C. . 108 1 Pouinipet 1. . 173 3 

Pel-ho R. . 110 4 Pescadores Is. Formosa . 74 2 Poll Rk. . 102 4 Poulkova . 13 a 

Pela Pt. . . 88 4 Formosa , 74 1 Japan . 112 i Folia Rk. . 24 2 Pouluuhot 1. . 174 2 

Pelado Rk. . 146 1 N. Pacific. 173 2 Pinonl. . . 91 3 Pollock Cove . 80 I Foulousoukl. . 174 2 

Pelagisi . . 33 3 Pescadores Pt. 145 3 Pinos I. . . 135 3 — Rf. . 93 4 Poverty B. . 108 2 

Pelagosa Is. . 29 i Poscaro . , 29 1 Pt. . 149 i — Rk. . 122 3 Powell’s Is. . 55 4 

PielM I. . . 18 4 Peschichi . 28 4 Pinque I. . 76 4 Pollux Rk. . 66 2 Poyas Pk. . 134 2 

— Mt. . 131 3 Pe-shan Is. . 73 i Pinunko . 86 3 Pomba B. . 48 i Pozzuoll . i/6 4 

Pelelew I. . 175 Petalles Is. . 32 3 Pinxter Pt. . 168 4 Porno Rk. . 30 i Praslin I. . 57 1 

Pelew Is. . 175 i Peter & Paul Pio Quiiito, Port 77 1 Ponafldin I. . 171 2 Praslin, Port 

Pelican Pt. . 454 Ch. .114 2 Piombino . 26 I Ponchang Ka- New Ireland 

Peling I. . 83 3 Peter, St., I. Piperl I. cheel I. . 63 4 Solomon Is. 

PelionMt. . 333 Antarctic 0. 142 I Grec. Arch-. 32 3 Fond G. . . 104 4 Frasso Nisi C. 

Pellew C. . 103 2 N. Pacific. 171 2 — 33 3 — Mt. . 141 4 Prataa Shi. . 

— SirE.,lB.l03 I Peter’s, St., Is. 94 i Pipon Is. . 100 i Pondicherry . 60 1 Pratt Shi. 

PeUinae, Ot. . . 13 3 Peterhead . 6 3 Plreeua . • 32 z Pongbou Is. • 74 1 Prauhilah Ft. . 

FaUj M. • 117 a I Petersburgh, St. fS 2 I Pirano • • 99 1 
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rnyn . . 40 4 

t^rt . 41 4 

precclly Top . 3 i 

Piodpriatiel. 154 2 
Pi-eniiera Rkg. 59 2 
Freparis 1. , 62 3 

Preservation I. 96 2 
Preston C. . 106 2 
Frevesa . 30 4 

Priaman . 64 z 

Price C. . 62 4 

Prieto C. 

Solomon Is. 165 i 
Spain . 21 i 

Prim Pt. . 123 i 

Prince Edw. I. 121 3 
— Is. 58 I 
Pr. of Wales’ Bk. 68 4 
— C. 158 2 
— I. 102 I 
-- Sd. 118 2 
Pr.RejfentTIaven 140 4 
Pr. Regent’s R. 105 i 
Pr. Wm. Hen. L 155 l 
Prince’s B. . 125 1 

Prince’s I. 

BiKhtofBiafra 44 4 
Strait of Sunda 64 4 
Princess Harb. 93 2 
— 1. . 165 2 

Printian, Pulo 67 4 
Prior C. . 21 Z 

Prise, I. de la . 113 4 
Procida I. . 26 4 

Prucofleffl. . 114 I 


ProBstoe . 
Proisdo 1. 


16 2 
30 I 


till. Charlotte C. 
NewCaledonia 163 z 
S. Pacilic . 166 z 

d. Charlotte r. '55 l 
Is. 151 I 
Sd.107 3 


Queen’s C. 

— Mt. 
Q,ueimada Is. 
Quclpaert 
Quemado Mt. 
Uucinoy I. 
Querimba I. 
Q.ui Q,uick 
Qiiiho 
Quicara . 
Quictvino 
Q,incoinbo B. 
Quilan C. 
Q,uLlca . 
aui Hates C. 
Quillehceuf 
Quillimane R. 
Quiloa 
Uuiloan . 
Quimper R. 

Qulnhono Har 
Q,uiniluhan 
Q,uintiu, St. 
Quiros . 

— C. 
Quirpon I. 
Quistholm 
Q,uita SuenoB] 
Qultta 
auoildy Hd. 
Uuoin 
— 1 . 


118 3 
63 z 
139 3 
111 2 
145 3 
72 Z 
48 1 
70 2 
147 2 
147 I 
61 2 
45 3 

144 I 

145 3 
39 4 

18 3 
47 3 

50 I 
59 3 

19 4 


68 3 

76 I 
148 4 
155 3 
164 r 
119 4 
16 1 
;k. 134 4 
44 I 
123 2 
73 t 
63 I 


Protection, Port 

I5L z 

— Pt. 

46 3 

Proti I. . 

34 1 

— Gt. 

63 3 

Proudfoot Shi. 

102 z 

Q,uorra R. 

44 Z 

Provemjal I. . 

37 3 

Q,uoy C. 

IGG z 

Providence 

124 4 



Providence I. 


Rabbit Is. 


Indian Ocean 56 4 

Gr. Arch. 

35 3 

New Guinea 168 4 

Philippines 

90 3 

Providence Is. 

173 Z 

Rabi I. . 

34 z 

Prudhoe 1. 

99 I 

Race C. . 

120 2 

Prussia . 

12 3 

— Pt. 

124 2 

rnhnico Harb. 

122 4 

Rachado C. 

62 Z 

Puddiiig-panllill 100 3 

Rachlin I. 

9 4 

Pueblo, Port . 

J17 2 

Racket, Pulo . 

85 z 

Puget C. 

151 4 

Radack Is. 

172 3 

Puig das Agnilaa 23 2 

Radstock C. . 

94 z 

Piika Puka 

153 2 

Rafael C. 

129 Z 

Pnket 

02 I 

— San, I. 

174 I 

I’nlieat . 

60 2 

Raft Pt. 


Pullarn I. 

43 I 

Austral. N.W. 104 z 

Lbilo Laut. Little 

Buccan. Arch. 105 l 

Ts. 

82 z 

Ragged I. 


Pulpit Rk. 

95 1 

— Gt. . 

127 I 

Puna I. . 

146 3 

Ragged Is. 

75 3 

Puunecoil 

59 3 

Ragged Pt. 


Puntas Arenas 

147 Z 

Borneo 

81 4 

Purcell I. • 

143 4 



Purdies Is. 

94 I 

Raggedy Pt. . 

1O7 I 

Purdy Is. • 

167 I 

Ragusa . 

30 2 

Purvis C. 

141 4 

Ralatea I. 

1.56 Z 

Puysegur Pt. . 

107 I 

Raieffsky I. . 

156 3 

Pyagik C. 

114 Z 

Raine I. 

lOl 1 

Pyghella I. . 

174 z 

Rajah Bassa . 

64 3 

Pylstaart I. 

159 3 

— Pt. 

59 I 

Pyramid I. 


— Pulo 

62 1 

Hass Strait 

95 4 

Rajapour Harb. 

69 I 

Cochin China 68 z 

Bakau-iuanga- 


Pyramid Pt. . 

72 Z 

manga 

109 I 

-- Rk. . 

113 1 

Raleigh Mt. . 

117 4 

Bua Mt. 

44 3 

Ralick Is. 

172 4 

Q,uaco 

123 I 

Ramas C. 

50 1 

Q,uade . 

54 a 

Rame Hd. 


ftuadra I. 

149 3 

England . 

2 1 

duail I. 


Kafferland 

47 I 

Australia 

104 z 



C. Verd Is. 

41 4 

Ramos Is. 

164 4 

Madagascar 

49 z 

Ramsey I. 

3 I 

Qnamannu B. 

138 4 

Ramsgate 

1 I 

Quan-choW'Wan 

71 z 

Banal I. . 

170 3 

Uuarken 

14 3 

Ranay Mt. 

67 3 

iluebeo . 

121 Z 

Rangazvak 

49 3 

Queda . « 

62 X 

Ranger I. . 

167 z 

liuadai C. 

144 Z 

— Rk. . 

140 X 


Rangoon 
Raoul C. 

Raoul 1. 

Kermadcc Is. 
S. Pacific . 
Raour I. 

Rapel Shi. 
Raper C. 
Kaphti, Port . 
Rapurapu I. . 
Raraka . 
Raroia . 
R^otonga I. . 
Rasa I. . 
Rasalgett 
Rasca Pt. 
Rashau I. 

Rat 1. . 

Rathhone T. . 
Rathlin O’Birne 
Is. 

Ratmanoifl. . 
Rattray Pt. 
Raukoko I. 
Raukura 
Raven I. 
Ravenna 
Ray C. . 

Raza 
Raza I. 

Brazil 
S. Africa . 
Razzoli 1. 
R’dresser, Ras 
Ru Ruu. 

Realejo . 
Reaumur Pk. . 


I 


61 2 
96 4 ; 

1.56 4 
166 3 
174 3 
144 3 
144 I 

32 3 
78 Z 
l.V. 4 

154 f 

1.57 4 
171 4 

.53 3 

40 3 
113 Z 

92 4 
115 3 

9 3 
153 z 
6 1 
113 Z 

155 3 
173 3 

29 z 
120 3 

41 2 

139 z 
47 3 
24 4 
5! 1 
4 4 
147 3 
166 3 


Rcccan R. , 66 3 

Recherche Arch. 93 3 

— B. 96 3 

— C. 164 4 

Recife. . . 46 4 

— I. . . 57 1 

Redangis. . 67 4 

Redcar . . 7 z 

Red Hd. 

Baffin’s B. 115 4 
Scotland . 6 3 

Red I. . . 105 I 

— Pt. . . 97 4 

— Sea . 5 1 z 

Redonda Mt. . 129 z 

Redondo I. . 131 z 

Redondo Rk. 

Bass St. . 95 4 

Galapagos 169 3 
Reed 1. . . 125 j 

Rdefl. . . 83 z 

Reeveshy I. . 94 4 

Kefsnoes . 12 i 

Refsudden Lt. i 4 4 
Refuge, Port . 159 4 

Refan.siri is. . 112 4 

Reggio . . 27 I 

Reid Kks. . 95 3 

Reid’s Is. . 160 3 

Keierskar Rk. 15 3 
Reikiancs O. . 18 1 

Reikiavig . 18 i 

Rtiinga C. . 109 1 

Reirson 1. . 157 i 

Reitoae . . 154 4 

Rcmbang . 84 3 

Remedios Pt. . 147 3 

Reinire 1. . 56 3 

Renard Is. . 167 4 

Rendezvous 

— 1. 82 1 

Rendova I. . 165 z 

Rennel O. . 116 2 
— 1. . 102 3 

Rennell 1. . 165 4 

Benyang 1. . 64 4 

Repon I. . 67 I 

Repulse B. . 118 4 
— Is. & B. 99 1 
Resolution B. 156 z 
— I. . 154 4 
— I.&C,118 I ' 

— Port 163 3 
Rest B. . . 106 3 


Restoration I. 

100 z 

Rocky Pt. 


Return Rf. 

117 z 

Aracan . 

81 I 




New Zeal. 

1\)6 3 

Revel 

13 

1 

Suinbawa 

86 I 

Reville . 

I** 

4 

y. D. Land 

^6 3 

Uevsnig C. 

17 

4 

Rodkallon Rks. 

14 Z 

Kewa Roads . 

161 

3 

1 

Rodney C. 92 z 

168 I 

Rey I. 

147 

— Pt. . 

l.)8 I 

Reyes, Pt. de los 

149 

z 

Rodoni C. 

ao 3 

Kezo 

35 

z 

Rodusto . 

34 1 

Rhe I. . 

20 

3 

Rodrigue 

.>7 4 

Rheuca . 

33 z 

Roebuck Pt. . 

166 3 

Rhinns of Isla 

4 

2 

Roceness Hill 

5 4 

Rhode I. 

124 

4 

Kuliarnba Pt. . 

48 z 

Rhodes . 

36 

2 

Ruissy I. , 

168 z 

Rhone R. 

23 

3 

Roktio 

70 3 

Riackah I. 

52 

1 

Roldan Mt. . 

22 3,4 

Riah, Pulo 

63 

3 

Rolfs Is. . 

16 3 

Ribaileo . 

21 

I 

Rollin C. 

113 I 

Rica de Oro Rk. 

171 

z 

Roma . . 

87 4 

— Plata 

171 

z 

Roman C. 

126 1 

Rich I. . 

168 

I 

— San, C. 

136 I 


— Pt. . 120 4 

Richardson C. 116 4 
Riche 1. . . 168 I 

Ricliihucto Har. 121 3 
Richtnond B. 

Hudson’s B. 119 z 
Pr. Edw. 1. 121 3 
Richmond Is. 77 z 
Ricord C. . 113 l 

liidgc Sill. 

Ridley I. 


I z 
141 4 


Riga . . 12 4 

Rigny C. . 168 i 

Riley C. . 116 i 
— Pt. . 94 4 

Rimini . . 29 z 

Rimitara T. . 157 4 

Rimsky Korsakoff 
Is. . . 173 z 

Ringdove Shi. 130 3 
Rio Doce . 139 i 

Rio Grande 

Guatemala 135 1 
M,e.vico . 132 4 
Rio Gr. do Norte 138 3 
— Sul 140 1 
Rio Janeiro . 139 2 

— Nunez . 43 1 

— Pt. del . 23 z 

— Tronto . 29 i 

Riuu 1. . . 23 4 

— Ft. . 161 3 

Riow . . 90 1 

Risk Pt. . 92 I 

Ritchie’s Rf. . 106 3 

Ritidian Pt. . 172 1 

River, Fort . 131 z 

Rivers C. . 83 l 

RivoU . . 28 4 

Rixhoft . . 12 3 

Kizziito C. . 28 z 

Roa Poua . 156 3 

Roan I. . . 44 
Roanharrick I. 83 
Robbeu 1. 

S. Africa . 4G z 
Sagaliu . 114 ■ 


Robert’s I. 
Roca C. . 


166 3 
21 4 


Roca Partlda 
N. Pacific 
Vera Cruz 
Rocas 

Roche Bonne . 

— Pt. 
Rochefort 
Rochelle 
Rochelois Shi. 
Roches Douvres 
Rock C. . 
Rockabil Is. . 
Rockal . 
Rockingham B. 
Rocks 1. 

Rocky C. 

Hd. . 


170 1 
133 I 
45 I 
20 z 
10 4 

20 3 
20 3 
129 4 
19 I 
23 1 
10 Z 
5 Z 
99 3 
56 3 

97 Z 

48 I 


Romania Pt. 

Kuiiiano C. 

Ronianzoif C. 
Homanzoff J. 

Low Archip. 165 » 
Marshall Is. 172 3 


62 3 
132 1 
112 4 


Romberg C. 

Koine 
Kona I. . 

Ronaldsay I. 

Roncador Cay 134 4 
— Rfs. 164 3 
Rondo . ■'' ' 

— Pulo 
Rdnne 
Ronskar . 

Rooke I. 


114 I 

26 3 

5 Z 

6 3 


16 I 


15 X 

13 3 
166 3 


Roque. St. C. . 138 f 


Roquepiz 
Roques, Los 
Rosa Pt. 

— Sta., B. 
Rosa, Sta., I. 
Florida 
Mexico 
N. Paciflo 


67 7 
136 Z 

148 1 
132 Z 

132 Z 

149 I 
169 4 


Rosa, Sta., Shi. 171 4 
Kosuliu Rk. . 85 | 

Rosalind Bk. . 134 3 
Kosaretta Uf. 156 4 
Rosario Channel 128 ) 


1 . 

— Is. 

Rose I. . 
Roseau . 
Rosemary I. . 
Roseness 
Roseto 
Rosetta 
Rosily I. 
Rosingyn 
Ross 

— 1 . . . 

Ro.ssel I. 

Rossell Sea Mk. 
Rosso C. 

Rost I. 


171 3 
135 4 
158 Z 
131 1 
106 z 
6 7 
28 3 
38 I 
106 3 
88 3 

4 I 

167 I 
3 3 

25 3 

16 Z 


RO'.tag Jebel . 63 3 


Kota 
— I. . 
Rotch I. . 
Rothskar 
Rotti 

Rottenest I. 
Rotterdam 
Rottum 1. 
Rottumah I. 
Rouabouki I. 
Koug Is. 


22 z 
172 X 
162 z 

13 I 
87 z 
92 4 

14 I 

n 3 

162 X 
107 z 

174 I 


Rouib . 91 a 

Roumelia 81 a 

RoumiantsovC 168 i 
Bound C. . 61 a 

Bound Hill 

Australia 64 3 
Rhode I. . 194 4 
Bound I. 

Corea . Ill I 

Veqjee fa 181 4 
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Hound I. 


Indian Ocean 

58 I 

llccherche \vc. 93 4 

Roupat, Pulo . 

66 3 

Routb Kk. . 

70 l 

Roux C. 

24 I 

Rover I. . 

74 I 

— Shi. . 

49 4 

Rovlgno . 

29 3 

Rnvouma C. . 

48 z 

Roway, Has . 

51 3 

Rowley Shis. . 

105 z 

Ruxu C. 


G. of Guinea 

43 1 

Kaniinania 

37 Z 

Mexico 

132 4 

Porto Rico 

130 z 

St. Domingo 

130 I 

Royal Bishops 

6H 3 

Roy. Captain Shi. 69 4 

R. Charlotte Shi. 69 z 

Royalist Shi. . 

68 I 

Royal, Fort 

131 3 

— George Shi. H2 z 

Royau, Port . 

20 4 

Ruatan 1. 

134 z 

Rugen 

12 3 

Rugged Is. 

73 4 

Rum Cay 

127 3 

— 1. . 

4 3 

Rumby Mts. . 

44 z 

Ru More 

4 4 

— Stor . 

4 4 

Run, Pulo 

88 3 

Runawai C. . 

108 3 


Kundlestone Bcac. 2 z 
Runebrake Shi. 5 3 
Huno 1. . . ri 4 

Rupert’s House 1 10 z 
Kurick Is. , 150 4 

— Rk. . 96 3 

Rurutil L. . 157 4 

Rusa Linguete 86 3 
— Raji . 8fi 3 
Russia . . 12 4 

RusskiZavorotC. 17 i 
Ry batchy I. . 16 4 

Rye . 1 z 

Ry^'ingen I. . 15 4 

Saavedra C. . 1 68 4 
Baba . 131 I 

Sabanilla, Fort 135 4 
Sabanoon . 81 3 

Sabbskar . 13 4 

Sabelo Pt. . 91 3 

Sabina Shi. . 69 4 

Sabine O. . 116 4 
— Lake . 132 3 

— Mt. . 142 1 
Sabine’s Is. . 115 4 

Sable n. 

Florida . 131 4 
Nova Scotia 122 4 
Sable T. 

C. Breton 122 i 
Ind. Ocean 56 4 

Sable Rf. . 165 4 
Sabl' S d’Olonne 20 z 
Babtan I. . 77 z 

Babucla, Pulo ,91 3 
Backen I. . 154 3 
Baco, Ilarb. . 123 4 
Facquoy Hd. . 6 3 

Sacratif C. . 22 3 

Bacrlftce Itk. . 69 1 

Sacrifleios I. . 133 i 
Saddle Group 73 4 

Saddle HIU 

Andamans 62 4 
Brit. Hond. 134 i 
New Zealand 107 x 

Saddle I. . 7B 2 
Corta . Ill 2 
Ind. Arohip. $7 3 


Saddle t. 

New Orkneys 141 3 
Philippines 90 4 
St. of Gtispar 66 3 
St. of Malacca 62 z 


Saddle of Pay ta 146 3 
Saddleback 1. . I IH l 


— Ledge 123 3 

Sado I. 

112 3 

Sadras 

60 z 

Safety Beacon 

1 2 

Safi 

42 Z 

Sagalin . 

113 4 

Siihul Bk. 

10 .5 4 

Said Pt. 

,50 Z 

Saigon 

68 31 

Sail Rk. 

70 4 

Saints, The 

131 5 

Sal 

4) 2 

— Cay 

128 I 

— Rks. 

131 1 

Salaberria Rf. 

140 3 

Salamanca Pk. 

l lo 4 

Salang 1. 

62 1 

Salango I. 

146 4 

Salangure 

62 Z 

Salanketa Pt. . 

84 1 

Salawatty 

91 3 

Salaway Pt. . 

90 1 

Salayer I. 

84 I 

Sulci y Gomez . 

154 1 

Salcomlie 

2 I 

Saldanha B. . 

46 z 

Salem 


Maas. U S. . 

124 I 

N, Jersey, U.S. 

125 3 

Sale Macowa . 

52 3 

Salerno 

27 I 

Sahliabos la. . 

90 4 

Sal ice f. 

83 Z 

Sal ilia I. 

27 z 

Salinas 


Biazil . 

1.37 4 

Peru 

146 I 

Yucatan . 

133 z 

Salinas B.& I. 

147 3 

— C. 

24 3 

Salinas Pt. 


St Domingo 130 I 

W. Africa 

45 4 

Yucatan I. 

1,3.3 3 

Salingar 1. 

75 z 

8ali>;bury 1. . 

118 3 

Sallahanka Is. 

83 3 

Sallalitouk Ft. 

43 Z 

.8.allee 

42 Z 

Salleolookit Rk. 

HI I 

Salmadina Sbl. 

134 Z 

Salmon Cove . 

114 I 

Salo Lt 

15 3 

Salomon C. . 

36 4 

— Is. . 

67 z 

Salo. Sweert C. 

166 2 

Salonika 

33 3 

Salou 

23 I 

Salt's White Rks. 51 i 

Saltees Lt. 

10 3 

Salut Is. 

137 3 

Salvador Is. . 

127 2 

— Port . 

142 2 

Salvages 

40 I 

Sarnalga I. 

1,52 z 

Samana C. 

129 3 

— - Cay . 

127 3 

Samanco H. . 

146 2 

Samar 1 . 

78 4 

Sarnarang 

84 3 

— Is. . 

170 z 

Snmasana I. . 

74 3 

Sambas R. 

74 4 

Samboangan . 

80 2 

Samhro I. 

1/2 3 

Samoa Is. . 

158 Z 

Samos 

35 4 

Sainothraki I. 



Grec. Archip. 33 4 
Ionian Is. . 30 4 


Sampanmang. Pt. 76 i 


Samsoun 

3.5 z 

— Mt. . 

36 I 

Samur 1 . 

78 1 

Sanaapu Barb. 

1.58 4 

San Bias Harb. 

140 Z 

Sanca.ssee 1 . . 

48 4 

Sancori, Pulo . 

(i7 4 

Sand B. 

85 1 

— Cay 

Sand I. 

126 3 

Alabama . 

132 z 

Caspar St. 

65 z 

Sandakau B. . 

m 3 

Sandalwood B. 

161 I 

— I. 

87 3 

Sanday I. 

S 3 

Sandbnys Shis. 

85 4 

Sanderson Hope 11,5 4 

Sandhead 

41 3 

Sandkallen 

13 3 

Sanduway 

61 I 

Sanduwn Castle 

1 I 

Sandwich B. . 

119 3 

— 0 . . 

Sandwich 1. 

99 3 

New Hebrides 163 4 

S. Paeillc . 
Sandwich is. 

166 z 

N. Pacific 

170 2 

8 . Atlantic 

141 Z 


Sandwich. Port 


New Hebrides 164 1 


S. Africa . 

46 I 

Sandy C. 

98 3 

— Cay 

100 3 

— Hook . 

125 1 

Sandy 1 . 


Australia . 

99 3 

Borneo 

76 Z 

Madagascar 

48 3 

Meia-co-sim. 

109 3 

Sandy 1., Gt. . 

98 3 

Saiigaid 

62 I 

Sangallan 1. . 

145 4 

Sangar C. 

112 3 

Saugboys 1. 

81 1 

Bhaiigiiai 

74 I 

Buiigian Sira Pt. 

85 z 

.Bamrnin 11. . 

43 4 

Sanguin.ircs Is. 

26 j 

Sangnir . 

90 3 

Saiiho 0. 

68 3 

Sannagh I. 

162 I 

Saiiscgo 1. 

29 4 

San-shan-tow Is. 1 1 1 i 

Santa B. & 1. 

146 z 

Santander 

21 1 

Sautapilly Rks. 

60 z 

Santiago B,ar. de J32 4 


do Tolu 135 4 


— Pt. . 76 3,4 


SantiagodeCubal.8 4 

Santjaiig C. . 

85 I 

Santona 

21 I 

Santorin I. 

32 4 

Santos 

139 3 

— I. 

171 2 

Sanxette, Fort 

21 4 

Sanyabel 1. 

132 I 

Sauna I. 

130 I 

Saparooa 1. 

89 z 

Sapata, Pulo . 

68 3 

Sapello Sound 

126 Z 

Sapey C. 

91 4 

Saphonidi 

36 I 

Sapienza 1. 

31 3 

Sapoudi 

84 4 

Barak iiio 

33 3 

Sarawak R. . 

74 4 

Sardiiia C. 

22 z 

Sardinia 

25 z 

Sariguan I. 

172 I 

Bar itch C. 

34 4 

Saritchev C. . 

152 I 

Sarmiento Mt. 

U2 4 

Sarytehefi' Pk . 

113 Z 

Sasseno I. 

30 3 

Sutahoual 1. . 

174 3 


Satellite Rk. . 

99 4* 

Sau 

87 3 

Saugor 1. 

60 3 

Saumarez, Sir, 


Bks. . 

101 3 

Saunders C. . 

107 z 

Saunders I. 


Sandwich Is. 141 z 

Society Is. 

156 I 

Savage, Great 

60 4 

— I. 

158 z 

— Is. 

118 I 

— Pt. . 

107 4 

Savaii 1. 

1.58 4 

Savannah R. . 

126 z 

— la Mar 129 i 

Savona 

24 Z 

Savu 

87 3 

— New 

87 3 

— S.avu Pt. 

161 I 

Sawani Hrb. . 

88 4 

1 Sayade Malhabk. 56 4 

Saylee Pt. 

91 3 

Saypan I. 

172 I 

Seala 

3() I 

Scalambra C. . 

27 3 

Scalanuova 

35 4 

Soaletta 

27 Z 

Scarborough . 

7 z 

— Shi. 

71 2 

Scaritf 1. 

8 3 

Scarp 1. 

5 Z 

Scarpanto I. . 

36 z 

Scai*pcntun 1. 

36 z 

Scatary I. , 

122 I 

Sc bank C. 

95 Z 

— 1. 

162 4 

Sebanz Is. . 

173 Z 

Schapen I. 

46 z 

Schciias 

53 3 

Srherschel 

39 3 

Sebetky C. 

143 2 

Scheveningen Lt 

11 z 

Sebiermonik . 

11 3 

Schoomagen Is. 

152 1 

Sebouten I. 

97 I 

— Mt. . 

168 4 

Schouwen 

11 I 

Schubert C. . 

115 1 

Scilly Is. 


Knglnnd . 

2 z 

S. Pacific . 

1.56 z 

Scio 

3.) 4 

Scituato 

124 z 

Scoresby C. 

116 3 

Scotch well Ilarb. 144 i 

Scothind 

4 4 

Scott Rf, 

10.5 3 

Scylla 

27 I 

Sea Bear B. . 

141 I 

Seacunnet Pt. 

124 4 

Sea Dog bk. . 

72 3 

Seagull Grp. . 

155 > 

Seaiiorse Bk. . 

70 I 

— Pt. . 

118 4 

— Shi. . 

69 I 

Sea Klip Rks. 

64 4 

Seal C. 

46 4 

Seal 1. 


Nova Scotia 

122 4 

S. Africa . 

46 1 

Scaler’s Ledge 

93 t 

Sea Lion Is. . 

142 3 

Seal.s Is. 

93 2 

Searah 1. 

53 1 

Suarle C. 

117 4 

Seaton 

7 2 

Sebastian B. . 

46 3 

Sebastian, St. 


Brazil 

139 Z 

Spam 

20 4 

— 

22 2 

Sebastian, St., C 


' Madagascar . 

’ 49 I 

S. Africa 

47 z 

Spain 

23 2 

Tier.del Fuego 143 i 

1 Sebastian 8t., i. 

139 2 


Seben^cc 

29 4 

Seberget I. 

bl 4 

Sebooko 

64 4 

Secassie 

81 z 

Secret! Is. 

36 > 

Sedano C. 

84 4 

Sedarie Rf. 

84 Z 

Sededap 1. 

67 1 

Seeal Pt. 

88 4 

Sceali Is. 

61 4 

Segelskar 

18 ; 

Segna 

29 • 

Segoro We<yi B. 

85 1 

Seguam 1. 

152 z 

Seguin 1. 

123 3 

Sein, 1. de 

19 4 


Selang Pt. 

go a 

Seliu, Pulo 

65 3 

Sellada,Mt. . 

138 3 

Scloiiaii 1. 

67 3 

Sclsca Bill 

1 3 

Senierara Is. . 

76 1 

Scmiune 1. 

67 , 

Seiniiu Mt 

85 1 

Sctiiitsch Is. . 

15 4 

Sernpo I. 

85 r 

Senegal 

42 4 

Senegambia . 

42 4 

Senetoso Pt. . 

25 3 

Seniavin Is. . 

173 3 

Senna 

47 3 

Senning Skar Rk. 16 1 

Sentincla I. . 

147 2 

Sejiaration Pt. 

107 4 

Sependong 1. . 

81 , 

Sequeiras Is. . 

176 

Sercq 1. 

19 

SerdzeKamenC,ll4 4 

Seringapatam & 


F.lizabeth Sbl. 101 9 

Sei'ingapatamRf.105 a 

Scrle 1. 

154 a 

Sermattan 

87 4 

Sernella C. 

23 2 

Scroua 

87 4 

Serpent’s 1. 

34 3 

Serpho Is. 

32 3 

Serra I. 

88 f 

Serrana Bk. . 

134 4 

Serranilla Bk. 

134 3 

Serrantes Mt. . 

21 J 

Servi I. 

31 4 

Scskar I. 

13 z 

Scsola Rk. 

31 1 

Sesti'i di Levante 2.5 4 

Settang R. 

61 z 

Sette Bocebe . 

29 4 

Settee K. 

4.5 z 

Settra Kroo . 

43 4 

Setubal 

22 1 

Seuhcli Par . 

55 3 

Seuluinent Pt. 

I2P 4 

Sevastopol 

34 4 

Sevedo, Port . 

37 z 

Seven Broths.Mt. 25 z 

Seven Capes C. 


Africa 

42 3 

Candia 

37 I 

Sev<»n lids. 

10 4 

Seven Is. 


Caroline Is. 

173 3 

Celebes 

83 1 

France 

19 3 

G.ofSt.Lawr. 121 1 

Lapland 

16 4 

N.W. of Banca66 z 

SevenMountna.1. 152 j 

— Stars . 

72 4 

— Stones Lt. 

2 z 

Severn Fort . 

119 I 

— Shi. . 

63 t 

Severndroog I. 

69 t 
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S^ychelle Archip. nr I 
8eyer Is. . 6*2 i 

Seymour C. . 141 4 

8hab el Jurmoh S2 | 
Shabler C. . 34 3 

Shab Shaybah 62 2 
— Subbah . 52 3 

— Umbarrack 52 3 
Shadwan 1. . 52 1 

ShadwellPt. . 100 3 
Shag I. . 142 2 

Shag Rks. 

Labrador . 120 4 
S. Atlantic 141 2 
Shaggy Rks. . 91 2 

Bhahah . 53 i 

Shahbunder Shi. 65 1 
Shalbet 1. . 58 3 

Sha-Iui-tlen I. 110 4 
Shallop Creek 121 2 
Shainpee Is. . 89 4 

Shang-ta . 73 i 

Shannon I. . 116 2 
— R. . 84 

Shantarls. . 114 2 
Shan Tung . 110 3 

Shargah . 53 4 

Shark’s B. . 92 2 

— Pt. . 45 3 

Sharp I. . 1G7 3 
Shaum . 53 4 

Shaw’s Pk, . 99 2 

Sha-wci-shan . 110 2 


Shebar R. . 43 3 

Sheep Hd. . 8 3 

Sheerness . 1 i 

Sheid, Ras . 55 i 

54 3 

Sheik, Muns. Ras 53 4 
Sheipoo . 73 2 

Shelburne Harb. 122 3 
Shepherd's Uarb. 1.35 2 
Shcrb6dat, Ras 53 2 
Sherboro T. . 43 3 

Sherburne Rf. 166 4 
Shorer’s Mt. . 117 3 
Sheridan C. . 116 i 
Sherm Rhabuc 52 3 
— Yembo 52 2 
SherrifT Harb. 116 3 
Shetland Is. . 5 4 

Shiant Is. . 5 T 


Side C. . . 23 4 

Sicily . . 27 3 

Sidcro C. . 36 4 

Sidmouth C. 

Australia 100 2 
Loochoo Is. 110 I 
Sidmouth Rk. 96 3 
Sidney 1. . 157 3 

Sierra C. . 45 4 

— Bermeja 22 2 
dc Mijas 22 2 
— deS.Ant.140 3 
— Leone C. 43 2 
— Ventana 140 2 


SIgboye Passage 81 2 
Sighajik . 35 4 

Siglenaea . 17 4 

Sign C. & Port 35 3 

Sihuatenejo . 147 4 
8i-ki Rk. . 714 

Sikokfl. . 112 1 
Sikyno 1. . 32 4 

Silain . . 133 3 

Silhouette I. . 57 i 

Sillno 1. . . 80 2 

SilladeCaraccasl36 3 
Sillah Is. . 52 2 

SilleiroC. . 21 3 

Silonay 1. . 76 2 

Silungun Mt. . 74 4 

Silva Shi. . 138 1 

Silver Bk.& Cay 127 4 
Silvi . . 29 I 

Sima C. . 112 2 
Sitnaluc Pk. . 81 2 

Simara I. . 78 4 

Shnisa . . 81 2 

Simniambaya. 60 3 
Simon’s B. . 46 3 

— St., I. 126 2 
Siinonoff I. . 160 i 
Simpson 1. . 162 2 

Simusir 1. . 113 1 

Sinai Mt. . .52 i 

Sinain, Pulo . 89 4 

Sines C. . 22 1 

Singapore . 62 3 

Single I. . 71 4 

Sinigaglia . 29 2 

Sinkcl . . 63 3 


Bhiashkotan 1. 113 2 1 Sinkep, Pulo . 66 2 


Shield C. . 103 2 
Shields . 7 I 

Shilling C. . 43 2 

Ship Chan. . 13 2 

— Harb. . 122 2 

— 1. . . 132 3 

— Rk. . . 46 2 

Shipounsky C. 114 z 
Khipwash . 8 z 

iShirreff 0. . 141 4 

Shoal 

— Pt. . 81 4 

Shoal water B. 149 3 
Shoo 1. (’ari- 

mata St. 65 4 
Dam pier St. 91 z 
Caspar St. 65 3 
S. Pacific. 152 2 
Rhoreiiam . 1 3 

Snortland 

— Is. . 166 3 

Shrinkyl. . 113 3 
Shut-in I. . 122 3 

BiAmeell. . 81 3 

Siam . . 68 I 

Siao . . 90 3 

Siao-kin-Tao. 110 4 
Siayan . . 77 3 

Sibago . . 81 I 

Si bay I. . , 79 3 

Siblmld’s Bk. . 82 2 

Silwna, New . 1 15 i 
Sibiitu I. . 80 4 

Sibuyau I. .184 


Bklrd Rka. 

9 

1 

Sotoang Grp. . 

173 

4 

Steep-to T. 

172 

3 

Skopolos I. 

33 

3 

Suulfriure 

131 

2 

Stefano, St. • 

26 

2 

Skopo Mt. 

31 

2 

Sough 1. 

174 

2 

Steffens Klint 

12 

2 

Skotan I. 

112 

4 

Souirah . 

42 

2 

Stephen, St., 1. 

152 

1 

Skraaven 

16 

3 

Soukoun Kaleh 

35 

I 

Stephens C. 



Skuddesnoes . 

15 

4 

Soulima R. 

162 

4 

New Britain 166 2 

Skyro Poulo . 

33 

3 

Soumbing Mt. 

84 

3 

Solomon Is. 

165 

i 

Skyros 1. 

33 

2 

Soumenap 

84 

4 

Stephens 1. 



Slade Pt. 

99 

I 

Soumshou I. . 

113 

3 

NewZealandl07 

4 

Sledge 1. 

153 

I 

Soung 

81 

2 

Torres St. 

102 

3 

Sleepers 

119 

2 

Sourabaya 

84 

3 

Stephens, Port 



Sli^o Donard 
^ Sneacht 

10 

1 

Souroutou 

66 


Falkland Is. 

142 

2 

9 

4 

Sous R. . 

42 

2 

Stephen’s Pt. & Fort 


Sligo 

9 

2 

S. Sand Hd. . 

1 

2 

Australia 

98 


Slinger’s B. . 

166 

1 

Southampton 

1 

3 

Stettin . 

12 

9 

Slipper & Table 



Southamp.I. & C. 1 18 

4 

Stewart C. 

103 

i 

Rks. . 

62 

3 

Southemess Lt. 

4 

1 

-- I. 

107 

k 

Slyne Hd. 

9 

I 

Southern, Port 

107 

1 

Stewart Is. 



Smalls Kks. . 

3 

I 

— Thule Is. Ml 

2 

Australia 

104 

3 

Smeerenberg . 

17 

2 

Southwold 

8 

1 

Solomon Is. 

164 

3 

Smith I. 



Sou vela C. 

37 

1 

Stewart, Port 

151 

2 

Hudson’s B. 

119 

2 

Souvorov C. . 

152 

4 

Sticknoy 1. 

94 

4 

Maryland 

125 

3 

Sovel I. . 

70 

3 

Stilo C. . . 

28 

2 

N. Carolina 

126 

1 

Sow and Pigs . 

98 


Stirrup Cays , 

127 

2 

S.Shetlands 141 

4 

Soya C. . 

112 

4 

Stockholm 

14 

3 

Smith Pt. 



Spada C. 

36 

3 

Stockton 

7 

2 

Australia 

103 

4 

Spain 

20 

4 

Stokes C. 

95 

3 

N. America 

117 

1 

— Port 

137 

I 

Stolbovoi C. . 

114 

3 

Smith Shi. 

66 

2 

Spalatro . 

30 

1 

Stonehaven . 

6 

3 

Smith’s Knoll 

7 

3 



Stoneskar 

13 

I 

— SirJ.,Grp.99 

1 

Sparo 

14 4 

Stonington 

125 

1 

Smith Sound . 

116 

1 

Spartel C. 

42 

I 

Stony 1. . 

H7 

1 

Smoky C. 

98 

2 

Spartimento Pt. 

27 

X 

Storah . 

39 

a 

Smyrna . 

35 

3 

Spartivento C. 



Stor Jungfrun 

14 

3 

Smyth Is. 

172 

2 

Naples 

28 

2 

Storkalle Shi. . 

13 

4 

Smyth’s Islet . 

48 

3 

SaMinia . 

25 

2 

Storm B. 

96 

4 

Snake & Madag. 



Spathi C. 

32 

I 




Shis. . 

133 

2 

Speakers’ Bk. 

57 

2 

Stornaway Lt. 

5 

1 

Snapper Bk. . 

92 

4 




Stor Rebben . 

14 

2 

— I. . 

99 

4 

Speiden I. 

159 

2 

Stour Roray . 

5 

1 

Snares 



Spencer C. 



Stralsund . 

17 


Kurile Ts. . 

Its 

2 

New Brunsw 

123 

I 

Stranraer . 

4 

1 


Sioeliands Rf. . 12 i 

Sipadan 1. . 81 3 

Sipang, Tanjong 74 4 
Siphanto 1. . 32 3 

Sir Isaac Pt. . 94 2 

Sirangaiii, E. I. 80 i 
Siren 1. . . 57 4 

Sirik Pt. . 74 4 

Sirius Rk. . 141 l 

Sirotoko O. . 112 4 
Sisal . . 133 2 

Sisiran, Port . 78 l 

Sisters 

And.imans 62 4 

Furneaux 96 I 
Sitchin I. . 152 z 

Sitengon . 74 3 

Sitka . . 151 2 

Six Fathom Bk. 82 2 
— Is. . . 67 3 

Skagsudde . 14 2 

SkaJ Svee . 16 * 

Skantzoura I. 33 3 
Skaw, The . 1 1 4 

Skelda Ness . 6 I 

Skeleton Pt. . 105 2 

SkeUigs . 84 

SkeirGrartichBk.4 4 
SkerklShls. . 28 i 

Skerries . . 3 2 

Skerryvore Rks. 4 3 
Skiathos I. . S3 3 

Skiddyls. . 173 4 

Bkinosal. . 33 1 


New Zealand 107 

X 

New Guinea 

91 

3 

Sneefeldsyokel 

18 

I 

Russ. Amer. 

151 

3 

Snowdon 

3 

2 

Spencer Gulf 

94 

4 

Society Is. 

155 

4 

Spencer G. . 

94 

3 

Socoa 

20 

4 

Spencer Pt. 



Socorro 1. 

169 

4 

Russ. Amer. 153 

1 

Socotra . 

51 

I 

Spezzia v 

26 

I 

Soda I. . 

58 

2 

— I. 

32 

I 

Soderarm Lt. 

14 

3 

Sphaghia I. . 

31 

3 

Soderhamm . 

14 

2 

Sphakia . 

36 

4 

Sodex'skar 

13 3 

Spitzbergen . 

17 

3 

Sofala B. 

47 

3 

Spodsbierg Lt. 

12 

2 

Sohar 

53 

3 

Sprogo . . 

12 

1 

Soimonoff C. . 

114 

l 

Spurn Lts. 

7 

3 

Sojoton Pt. 

79 

2 

Squally I. 

166 

X 

Sola 1. 

16 

2 

Square Handkcr 




Cumana . 

1 .% 4 

chief . 


127 4 

Solander Is. . 

107 I 

Square I. 


73 2 

Solitary 1. 


Sretlui 0 . 


113 3 

Australia 

93 2 

Srednoy I. 


113 2 

Indian Ocean 58 2 

Staalburghuk 


18 I 



Staberhuk 


12 2 

Solombo 

85 3 

Stack S. Lt. 


3 2 

Solomon Is. 

164 4 

Stadtland 


16 X 

Solor 

87 I 

Stag Rks. 


9 1.3 

Solta I. . 

30 I 

— Shi. 


69 I 

Solway Firth . 

4 X 

Stags 


10 4 

Sombrero 

130 4 

Stunifanes Is. 


31 3 

— Rk. 

76 X 

Stompalia 1. 


32 4 

Sommers 1. 

13 3 

Standia I. 


36 4 

Songa 1. 

50 X 

Stapodia 


33 X 

Sonscrol Is. 

176 1 




Star Bk. & Rfs. 

48 J 


Soogoot Pt. 
Sooladdie 1 . . 

Sooloo I. 

— Is. 
soonmeany . 
Soosoo 
Sophia I. 

Sor Uougoon . 
Sorell C. 
Sorelle . 
Sorisa Pt. 
Soroen 1 . 

Sorol Is. 
Sorrento 
Sorsogon, Port 
Sosnovetz 
Sosuiiovtt 


— 1 . . 
Starbuck I. 
Start Lt. 

— Pt. 
Stasida . 
Staten Hook 
— I. 
Staunton I. 
Stauro C. 
Stavers I. 
Stavri C. 
Stavronisi I. 
Stead’s Entr. 
Steenboom C. 
Steep Pt. 
Australia 
Peru 


Strathy Hd. . 4 4 

Streleski Pks. 96 1 
Strogonov C. . I5'2 4 
Stromboli . 27 2 

Btromness . 53 

Strongylo I. . 33 1 

Stronsa 1 . . S 3 

Strumblo Hd. . 3 1 

Struys Pt. . 46 3 

Stuart 1. . 163 1 

Styrsudd Hd. . 13 3 

Styx . . 39 4 

Suadiva Atoll . 56 2 

Suakin . . 51 3 

Subec, Port . 76 ) 

Submarine Vole. 42 i 
Succadana . 82 i 

Success Break. 67 3 
Suckling C. . 151 3 
Suda . . 36 3 

Suderoe I. . 61 

Slid Gst 0. , 167 4 

Suellaba Pt. . 44 3 

Suez . . 62 I 

Sufft-ein C. . 1 13 4 
Sugarloaf, Gt. 10 z 

— I. . 164 2 

— Pt. 98 2 

— Rks. 96 3 

Sugarloave8,Twol3l 4 
SulauanPt. . 80 2 

Sulisker 1. . 62 

Sulivan Mt. . 146 2 
Sulphur 1. 

Loochoo Is. 1 10 2 
N. Pacific . 171 3 
Suluan 1. . 79 4 

Sumatra . . 63 f 

Sumbawa . 85 > 

Sumbelan . 62 % 

Sumburgh Hd. 5 4 
Sunda Strait . 6 « 3 

Sunday 1. . 15b 4 

Sunderland 7 2 

— N. 7 i 
Sunk Lt. .82 
Supe B. . • 146 ■ 

Surat . 56 4 
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Rnrinam R. . 37 l 
Burop . . 13 I 

Burville C. . 164 4 
— Pt. . 103 I 

Susah . . 38 4 

Sutranha . 87 z 

Suva Uarb. . 161 3 
Suwarrow Is. . 157 i 
Svalfcrort Lt. 12 4 
Svartklubb Lt. 14 3 
Sveaborg . 13 j 

SvenocLango. 15 3 
Svenska llogai ne 14 3 
Sviatoi C. . 115 i 

— Noss . 16 4 

Svinglcboeu . 16 z 

Svinde . . 16 i 

Swain’s Rfs. . 100 4 

Swallow Shi. . fi'l z 
Swan Is. 

Honduras Cst. 1.34 z 
Van Diem ’sL. 97 i 
Waxt Indies 129 z 
Swan Port . 96 4 

- Pt. . 10.5 z 

— R. . 92 4 

Swanjl . . 88 3 

Swansea . 2 4 

Swede Is. r 174 3 
Sweden . . i4 3 

Sweers I. . 103 1 

Hwin, Middle Lt. 8 z 
Bs^inbnme C. 116 i 
.SwinemUnde . 12 3 

.Syang . . 91 i 

Sydenham 1. . 162 z 
Bydney . . 98 i 

— B. . 1.56 4 
~ Harb. . 122 1 
— Shi. . 166 4 
SylvaBk. . 47 3 

Syrni I. . . .37 I 

Symonds Harb. 109 z 
i^yinplevmlcs Is. HI 4 
Syra 1. . . 33 z 

Syracuse. . 27 3 

Syria . . 37 4 

Ta Grp. . 17.3 4 
Tabarca . . 39 I 

Tabasco R. . 133 z 
Tabe-ouni . 161 I 
Tablas I. . 78 4 

Table B. . 46 z 

Table C. 

New Zealand 108 a 
Van Diem.’sL. 97 z 
Table Hd. . 1 19 4 
Table Hill 
China . 72 i 

Formosa . 74 z 

Table I. 

New Zealand 108 x 
Pescadores . 74 i 

Str. of Caspar 65 3 
Table, Little, 1. 173 

Tabo C. . . 90 I 

Tabocannee Rk. 43 3 
Taboga I. . 147 1 
Tabouan I. . 64 3 

Tabou-siin.a . 1 1 2 3 
Tabutha I. . 160 3 

Ta<Ohu-shan . HO 3 
Tao Is. . . 72 4 

Taenga . . 154 z 

Tiifou Pt. . 43 4 

Taftiiness . 6 3 

lagai Is. 172 3 

Taganrog . 35 i 

Tagapula 1. . 79 1 

Tagh-Kiniagh I. 150 4 
Tagliamento K. 29 z 
Tagolo Pt. . 80 z 

Tagolana, Pt. . 47 3 

Tagolanda . 90 3 

Tagomago I. . 24 3 

Tahaa . 156 z 

Tahanea . 154 4 
Ta-He-Shan . HO 3 
Tall Faroon RkS. 51 i 


Tahiti . . 155 4 

Tahooral. . 170 4 

Tahou-aita . 156 z 

Tahourowal. . 170 3 

Taichow Is. . 73 i 

— R. . 73 z 

Tain . . 6 z 

Tairo I. . . 1.5e 4 

Tajourah, Ras al 38 3 

Takhtalu, Mt. 37 z 

Takli, C. 34 4 

Tako, Mt. . 107 3 

Takurea . 154 1 
Takutea . 158 i 

Talamone . 26 z 

Talantam Bk. 80 4 

Talbot C. . 104 } 

Talcahuano . 144 3 

Talenading Is. 90 i 
Talinay, Mt. . 144 4 

Talyabo C. . 83 3 

Taman . 35 i 

Tamana I. . 162 z 
Tamanclarc . 138 4 

Tamar C. 

Falkland I. 142 z 

Tamara I. . 43 z 

Tamareed 51 1 

Tamatam 1. . 174 z 

Tamatavc . 49 z 

Tamboretes Is. 1 39 4 
Tambiibo Pt. . 76 4 

Tampa B. . 132 1 

Tampat Tuan Pt. 63 3 
Tampico . 132 4 

Tamquatn R. . 70 z 

Tam-sul Harb. 74 z 
Tatiaga I. , 152 3 

Taiiakeka I. . 82 4 

Tancook I. . 122 3 
Tauega Sima . 112 i 

Tangier. . 39 4 

Tangtang . 49 z 

TanjongApl . 74 4 


— Barram 74 4 
— Datou 74 4 
— Maletayor82 i 
— Po . 74 4 

— Salatan 82 i 
— Sambar 82 i 
— Sedarie 84 z 
— Sipaiig 74 4 
— Slokko 84 4 
Tankar . 14 x 

Tanna I. . 163 3 

Taouhwa I. , 73 3 

Taouw . . 87 4 

Tapamanoal. 156 i 
Tapeantana . 81 z 

Tapouto-ouea . 162 z 

Ta{ipanooIy B. 63 4 
Taptee Lt. 58 4 

Tarafal B. . 41 i 

Tarawa . . 162 3 

Tarbert Lt, . 8 4 

Tarbetness . 6 z 

Tarento . 28 3 

Tarifa . . 22 z 

Tarkhan-kout C. 34 4 
Tarquino Pk. . 128 4 

Tarragona . 23 z 

Tartary . 113 3 

Tamri I. . 113 i | 
Ta.sman’sHd.&I.96 4 
Tatakoto . 154 1 
Tatnam, C. . 119 1 

Tatukoka . 109 x 

Tauranga B. . 108 3 

Tavanier Cay 1263 
^Tavolaral. . 25 z 

Tavoy . 61 3 

Taw . . 88 3 

Tawally . . 90 z 

Taw'erec . . 153 4 

Tawl Tawi Is. 80 4 
Tawlti Rahi Is. 109 i 
Taya . . 62 i 


I Taya Is. . . 71 * 

— Pulo . 66 z 

Taypu Pt. . 139 3 

Taytao C. . 144 i 

Tchandjour, Mt. 84 Z 
Tchaouda C. . 34 4 

Tchaplin C. . 114 3 
Tchaiirdag . 34 4 

Tcnerina . 37 4 

I'chilachap . 85 i 

Tchina Pt. . 84 4 

Tchlrinkotan I. 11^ z 
Tchouka>kore « ' 
Pt. . 108 I 

Tchoukotsky C. 114 3 
Tea-houra 1. . 108 z 
Teay . . 153 4 

Tebruk . . 38 z 

Tecla, Mt. . 21 3 

Tedids, C. . 39 z 

Toes, Riv. . 7 z 

Tefelneli, C. . 42 z 

Tega, Pulo . 7.5 1 

Tegal, Mt. 84 3 

Tehor . HK 3 

Tehuantepec . 147 4 

Teiara . . 1-55 z 

Teignmouth Shi. 82 3 
Teignouse . 20 i 

Tejupan R. . 1 47 4 

Tekareka . 1.54 z 

Tekokoto . 155 z 
Tekn . 153 3. 155 x 

Telibonl. . 62 1 

TemaRf. . 167 1 
Tematu Leiwu- 
w'au . . 154 I 

Temo I. . 172 3 
TemoelC. . 83 x 

Templar, Bk. . 70 i 

Tena.ssorim I. 61 4 
Tcndral. . .34 4 

Tenedos I. . 35 3 

Tenerife I. . 40 3 

Ten Fatlium Ho. 17 1 3 
Tenimber Is. . 8H 1 
Tenez C. . 39 3 

Ten Pound I. 124 i 
Tenth I. . . 97 z 

TepocaC. . 148 z 
TequepaPt. . 147 4 
Terawiti C. . 108 1 
Tercera . . 40 4 

Termination I. 93 3 
Termini . 28 x 

Terminos Lag. 1.33 2 
Terinoli . 2H ^ 
Tcrnate . 90 2 

Ternay B. . 1133 

Terracina . 26 3 

Terra Nuova . 27 3 

Torraporo Pt. 58 4 , 
Terre Negro . 20 4 

Teresa B. . 148 z 

Torribles . 61 x 

Ter Schelling 1 1 Zr 
Teste, O. della 24 4 
Teste I. . . 168 I 

Testigos Is. . 136 4 
Tetas do Cabra 148 z 
Tetrina . . 16 4 

Tctiian . . 39 4 

Tetiiaroa I. . 156 i 
Tetukota . 154 z 
Tenlada, O. . 26 z 

Tewara C. . 108 4 
'L'exas . . 132 4 

Texell. . . n z 

Teyngal. . 81 x 

Thaddeu3,St. 0. 114 3 
Thames R. 108 4 
Thank God Hr. 116 x 
Thaso I. .33 4 

Thatchu I. .124 i. 
Theressa . 63 r 

Thermia I. . 32 3 

Thetis . . 52 3 

Thirsty Sound 98 4 
Thistle I. 

Australia. 94 3 

CoToa . Ill z 
Thome, St. G. 139 i 


Thomas, St. I. 

Bight of Biafra 44 4 
N. PaciOc . 171 z 
W. Indies . 130 3 
Thompson's I. 58 i 
Thoresby Mt. 119 3 
Thoroylen I. . 174 4 
Thorshavn . 6 z 

Thouin C. , 106 i 
Thousand Is. . 64 4 

Throe Alike Is. 82 z 
Three Brothers 

Australia. 98 z 
Celel)es . 83 3 

Throe Hill I. 

New Hebrides 163 4 
N. Pacific . 171 z 

ThreeHummk.1.97 3 
Three Islands 

Borneo . 76 i 

8. Pacific . 158 z 
Three Kings 
Cochin China 68 z 
New Zealand 109 z 
Three-peaked I. 75 3 
Three Points C. 
Australia . 08 x 

Br. Honduras 134 i 
Cum.ana . 136 4 

Gold (?oast . 43 4 

Mad. de Dios 14.3 3 


Patagonia . MO 4 
Three Sisters . 164 4 

Threshold Pt. 91 3 
Thunoe . 12 x 

Tburbat Ali . f,3 x 

Thurso . 4 4 1 

Thwart- the- Way 
New Guinea 168 3 
Strait of Sunda 64 4 
Tiao-yu-su I. . 109 4 

Tibenm C. 

St. Domingo 129 4 
1st. of Panama 135 3 
Tiburon I. . 148 z 

Tieao i. . 78 z 

Ticopia . 162 i 

Tidore . 90 » 

Tien Pak . 71 3 

TierradelFuegol42 4 
Tigalda I. . 151 l 

Tiger I. 

Cochin China 70 3 
S. Pacific . 167 z 
Tiger Is. & Shis. 86 z 
— Pt. . 45 4 

Tigil . . 114 z 

Tigre . . 132 4 

Tijioca Pt. . 137 4 

Tike . . 154 3 

Tikehau . 155 3 

Tiki-tiki . 109 x 

Tikuma I. . 48 z 

Tilla . . 55 4 

Tillieherry . 59 z 

Tillongchong . 63 Z 

Tillongchool . 63 l 

Timbalier I. . 1.32 3 

Timbour I. . 161 3 

Timoan, Pulo 66 4 
Timor . . 87 z 

Timor Laut . 88 i 

Timour C. . 1 15 i 

Tinakoro . 164 3 
TincUil, Pulo 86 x 
Tindle & Walls 
Is. . . 172 3 

Tingaro . 55 z 

Ting-hae 

E. China . 73 3 

8. E. China 72 3 
Tingy, Pulo . 66 4 

Tinhosa Is. . 70 4 

Tinian I. , 172 i 
Tinker Rk. . 73 3 

Tino 1. . . 26 1 

Tinos 1. . 33 X 

Tinobo C. . 22 3 

Tintagel 2 3 


Tiofcea . 15.5 \ 

Tiompan Hd. 5 % 
Tiouters . 13 1 

Tirahn Is. . 52 a 

Tirandie Is. . 88 a 

Tirey I. . 4 j 

Tiritan . 162 l 
Titan I. . 24 1 

Titangonya I. 48 i 
Titter Hd. . 16 t 

Toau . 165 3 

Tobacco Mt. . 43 3 

Tobago . . 137 I 

To-doo I. 

Todos Santos B. 1 48 4 

Tofual. . 169 4 

— Mt. . 158 4 

Token Bessys 86 3 
Tokolebo B. 107 ) 
Toku 1. . 160 1 

Tokurnalou B. 108 a 
Tola I. . . 60 3 

Tolaga B. . 108 z 
Tolboukhin . 13 z 

Tolmeitah . 38 z 

Tolstoy C. . 163 1 

Tomamoy C. . 113 i 

Tomelinl. . 17 ! 4 

Tomkins, Fort 125 x 
Tom Shot’s Pt. 44 z 
Toncon Mt. . 71 i 

Tonga Is. . 159 3 
Tongatabou T. 159 t 
Tong-ting I. . 73 3 

Tonin C. . 114 i 

^ Is. . 86 t 

Tonnerre Pt. . 103 z 

Tonquiii G. & R. 70 3 
Tonsang Harb. 72 i 
Tonyn Is. . 82 3 

Tood Bataha . 80 3 

Toujoo Pulo . 66 z 

Toor . . 52 I 

Topolo-polo C. 108 I 
Toppers Hoo4)ieI.88 | 
Torat B. . 106 4 
Torbjornskar 15 3 
Torinana . 21 3 

Torment Pt. . 105 z 
Tornea . . 14 z 

Torngrund . 13 4 

Toro Pt. . 1.35 3 
— Rk. . 25 z 

Torpoy Is. . H 3 x 
Torquay . 1 4 

Torr Pt. . 94 

Torro del Greco 26 4 

— della C. 168 z 

— della Testa 28 3 

Torrens Mt. . 96 1 

Torre Nueva . 22 z 

Torres L 

Caroline Is. I >4 x 
Hudson’s B. 119 i 
Torres, Port . 24 4 

— Straits 102 z 
— Gt.West. 61 4 
Torricelli Mts. 168 z 
Tortola . . 130 3 

Tortosa 

Spain . 23 1 

Tortuga I. 

Cumana . 133 3 
G.ofCalifomiaI48 z 
St. Domingo 129 3 
Tortuga Shis. 135 4 
Tortugas . 126 4 
Tory Channel 107 3 


Spain • 23 z 

Totoia I. . 160 a 
Toty, Pulo . 66 i 

Toua Manado I. 83 a 
— Nuin 1. 33 a 
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Toubal T. 

106 Z 

Toubouai 1. . 

167 4 

Toucques 

18 3 

Toue-tou6 

154 1 

Touhoua I. 

108 3 

Toukoukomou L 

66 1 

Toulon 

23 4 

Toupoua I. 

164 Z 

Fouquct Pt. . 

18 z 

Toura Kira C. 

108 I 

Tourl C. 

16 4 

Tova 1. . 

140 4 

— Rf. 

160 Z 

Tower I. 

86 4 

— Rkf. . 

143 Z 

Towers’ 1. 

169 3 

Town Pt. 

108 3 

Townshend C. 

98 4 

— Fort 120 z 

Townshend Harb. 

Maine, U. 8. 

123 3 

S. America 

143 z 

Tracy I. 

169 z 

Trade Town . 

43 3 

Trafalgar C. . 

22 z 

— Mt. 

105 I 

Traill I. 

115 Z 

Traitor’s Hd . 

163 4 

— Is. . 

168 4 

Tranen Is. 

16 Z 

Trani 

28 4 

Trano I. 

16 3 

Tranquebar . 

60 1 

Trapani 

27 4 

Traps 

107 « 

Trau 

30 X 

Treasury Is. . 

165 3 

Trebizonde . 

35 % 

Treble I. . 

74 Z 

Tree I. 


Aracan . 

61 I 

£. Arch. 65 1, 3 

Tree Pt. 


Australia 

104 z 

Trees I. 

47 4 

Tregrosse Islets 101 4 

Trcguier 

19 3 

Tremiti Is. 

28 4 

Tretnouille Is. 

106 3 

Treport 

18 z 

Tres Forcas C. 

39 4 

— Irmaos . 

138 4 

— Marias Is. 

148 I 

— Monteii C. 

144 I 

Treurenberg . 

17 3 

Trevandrum . 

59 3 

Trevoso Hd. . 

2 I 

Triftgoz 

19 3 

Triangles 


0 . of Mexico 

133 3 

Macassar Str. 

82 3 

Triboli 

35 z 

Tribulation C. 

99 4 

Trichindore . 

69 3 

Trieste 

29 3 

— I. 

64 Z 

Trikeri I. 

32 1 

Trincomalee . 

60 I 

Trindolen Lt. 

11 4 

— Shi. 

12 z 

Trlngany R. . 

67 4 

Trinidad 


Ouba 

128 3 

N. Atlantic 

136 4 

Trinidad I. 


8. Atlantic 

45 I 

Trinidade Mt. 

50 1 

Trinity C. & I. 

152 1 


Triple I. . 73 z 

Tripoli 

Africa . 38 1 

Syria . 37 4 

Tristan d’AcunJia 46 z 
Triton B. . 91 4 

~ I. . 71 I 

Trobriand Is. 167 3 
Troja G. . 26 1 


INDEX TO THE MARITIME POSITIONS. 


Tromelln I. . 

66 4 

TTafato , , 

158 3 

Varellah, Pulo 

66 4 

Trom petto 

37 

I 

TJbatuba. 

]:J9 z 

Vares C. 

21 z 

Tromsde 

16 

1 

I 

Ubian I. . 

81 1 

Varna . 

34 3 

Trondhiem 

16 

Udirik . 

172 x 

Varne Shi. 

1 z 

Tronta, Pt. del 

28 

3 

Udairo . , 

15 4 

Vashon C. 

111 z 

Tropez, St. 

24 

I 

Udvoer Is. 

16 1 

— Hd. . 

104 I 

Troubadour . 

105 

4 

Uist la. . 

5 I 

Vasto Ammone 

29 X 

Troubridge Hill 

94 

4 

Ukyera Ilf. . 

50 1 

Vathl 

35 4 

Troughton I. 

104 

3 

Ularoa 1. 

160 z 

Vathy, Port . 

87 X 

Troup Hd. 

6 

z 

Uleaborg 

14 I 

Vaticano C. . 

27 X 

Trouwers I. . 

85 

I 

Uhetea I. 
UjfBbgrunni . 
Ulladulla 

166 z 

Vatoa I. 

160 X 

Truant I. 
Truxillo 

103 

1 

14 1 
97 4 

Vatoo Madre . 

V atou Lele I. 

49 Z 
161 4 

Honduras 

134 

z 

Umata B. 

171 4 

— Rera I. 

160 3 

Peru 

146 

z 

Umoa 

14 z 

Vavao I. . 

159 4 

Tryal llks. 
Tsarcgradskoe 
Tschichagoff 0. 

106 

3 

Unda Pt. 

161 1 

Vavitou I. 

157 4 

34 

3 

iTInderoo. . 55 3 

Underwood, Portl07 x 

V aux’s Tomb 
Vayag Is. 

58 4 
91 1 

Japan 

111 

4 

Unie B. . 

29 4 

Ve Skerries . 

6 X 

Russ. Am er. 

152 

4 

Union B. 

140 z 

Vega Shi. 

65 4 

Tschichagoff I. 

165 

3 

— C. . 116 I 

— Port de la 147 x 

Vela C. . 

— Rete Rks. 

1.36 X 
77 4 

Tschirikofl I. . 

162 

1 

United States 

123 3 

— Strazza Mt. 29 4 

Tsiki 

118 

I 

Unsang Pt. . 

81 3 

Velas C. 

147 z 

Tsis I. . 

174 


Upolu 

158 3 

Velez Malaga 

22 3 

Tsung Ming I. 

110 

z 

Upright C. 

153 I 

Velthoens 

86 4 

Tsus-sima 

111 

3 

— Pt. . 

97 4 

Vendeloos B. - 

59 4 

Tubanaiclla I. 

160 

z 

Upstart C. 

99 z 

Vendres, Port 

23 3 

Tubarao Pt. . 

138 

z 

IJracas . 

172 z 

Venero, Port . 
Vcnetico I. 

25 4 

Tucacas 

136 

z 

Ureas 

138 3 


Tucapel Ild. . 

144 

z 

Urck . 

85 3 

Asia Minor 

35 4 

Tucker I. 

174 

3 

Urh-Taou 

110 3 

Greece 

31 4 

Tucker’s I. 

126 

z 

Urhud . 

54 z 

Venezuela 

136 z 

Tiilan 1. 

79 

* 

Usborne, Port 
Ushant . 

105 z 
19 4 

Venice . 
Ventenat C. . 

29 z 
167 4 

Tulour I. 

90 

4 

Ushishir Ta. . 

113 z 

Ventimiglia Pt. 

24 z 

Tumaoo Bd. . 

146 

4 

Ushiiwia.Tlorra 


Venus Pt. 

156 X 

Tumbora Mt. 

86 

I 

del Fiiego . 

143 1 

Ver Pt. de . 

18 3 

Tungaty 

60 

z 

Uatica I. 

27 z 

Vera Cruz 

133 1 

Tung-chuh 

73 

z 

Utila 1. . 

134 z 

Veragrund 

16 I 

Tungences Lt, 

15 

4 

Utiroa Town . 

162 z 

Verd C. 

42 4 

Tung-ying Is. 

72 

4 

— Harb. 

156 z 

Verde Cay 

127 I 

Tunis 

39 

I 

Utklipporna . 

15 1 

— C. de . 

163 2 

Tuplnier I. . 

166 

3 

Uto 

13 4 

— I. 

78 3 

Turacoon 1. . 

55 

3 

Uya 

5 4 

Verga C. 

43 2 

Turatte Pt. . 

84 

I 

Vacca C. 

46 4 

Verlegen Hook 

17 3 

Turfeie 

153 

3 

Vache I. 

129 4 

Vermilion B. 

132 3 

Turivassu Pt. 

138 

Vaches C. 

46 4 

V ernon Is. 

104 I 

Turkey 

34 

z 

Vado 

24 z 

Verraders 

168 z 

— Is, 

85 

3 

Vaeroo 1. 

16 z 

Verruer Pt. . 

129 3 

Turk’s Is. 

127 

4 

Vago 1. 

16 3 

V orsavah 

58 4 

Turnabout I. 

72 

3 

Vaigatch I. 

17 I 

Vertes Is. 

165 4 

Turnagain C. 

108 

1 

Valdez Penins. 

140 3 

Vestal Shi. 

61 I 

Turneffe 

134 

I 

— Port . 

160 I 

Vesuvius Mt. 

26 4 

Turner Pt. . 

161 

3 

Valdivia 

144 z 

Vetergnach . 

30 2 

Turon C. & B, i 

& 

V alencia 

23 I 

Viana 

21 3 

I. 

70 

z 

Valentia 

8 4 

Viareggio 

26 X 

Turret I. 

Turtle I. 

76 

3 

Valentine Pk. 

V, Dieman’s L. 97 z 

Victor Gulley . 
— Port . 

146 z 
95 I 

B. of Biaf. . 

44 

4 

Mozam. Ch. 

49 1 

Victoria 


Cochin China 

70 

z 

Valery, St., sur 

China 

71 4 

Fecjee Is. . 
Turtle Is. 

160 

X 

Somme 
— en Caux 

18 Z 
18 z 

Seychelles 
Victoria R. , 

67 I 
168 z 

G. of Guinea 

43 

3 

Valetta . 

28 z 

— Harb. 

116 3 

Ind. Arch. . 

86 

4 

Valiente Pk. . 

135 Z 

— Land 

117 1 

N.W. Aust. 

106 


Valientes 1. . 

173 3 

— Mt. . 

92 Z 

Turtle Rf. 

99 

4 

Valparaiso 

144 3 

— Pt. . 

61 4 

Turtle-backed 1. 102 3 

Valsche C. 

92 X 

— Port 

150 1 

Tusima 1. 

110 

I 

Vancouver, 


— Rf. . 

166 4 

Tuskar Rk. . 

10 

3 

- I. 

149 z 

— Shi. . 

105 4 

Tusket Is. 

122 

4 

— Port 143 1 

Victory Bk. . 

57 3 

Tuspam Shi. . 

133 

I 

Vander1inI.&C.103 z 

— C. . 

143 3 

Tutuila . 

158 

3 

V anderschelling 

— I. 

67 I 

Tuxtla 

133 

I 

Is. 

168 3 

Vidal C. 

47 Z 

Tvesteen 

Twin Rks. & 

15 

3 

Van Dieman’s L. 96 3 
Van Diemen C, 104 1 

Vido I. . 

Vieja I. 

30 4 
145 4 

Pks. . 
Twins 

93 

3 

Van Diemen’s In. 103 i 
Vando . . 16 3 

Vieque I. 

Vierge I. 

130 3 

19 3 

China . 

71 

3 

Vandola I. 

167 I 

Vieste 

28 4 

Mergui Arch. 

61 

4 

Vandotenal. . 

26 4 

Vigia 

136 Z 

Two Bays C. . 
Two Brothers 

140 

4 

Vanguard Shi. 
China Sea 

68 4 

Vigo 

Vigten Is. 

21 3 

16 z 

Borneo 

82 

z 

Sweden . 

15 Z 

Villa do Cotide 

21 3 

Java Sea . 

65 

I 

Vanikoro 1. . 

164 z 

— Franca . 

24 2 

Twofold B. . 

97 

4 

Vannes . 

20 I 

Villano C. 20 4, 21 z 

Two Groups I. 

155 

1 

Vansittart Shis. 65 z,4 

Villaret C. 

106 I 

Tyfore . 

90 

3 

Vanua Levou I. 

161 I 

Villarlno Pt. . 

140 3 

Tylon I. 

71 

3 

— Yatou I. 

160 Z 

VilutcbinskyMt.114 z 

Tyn, Ras al . 

38 

z 

Varano . 

28 4 

Vincent, SU . 

41 Z 

Tynemouth . 

7 

I 

Varela C. 

68 Z 

Vincent, St., C. 


Typa I. . 

89 

3 

— Pulo . 

67 3 

Madag. . 

48 3 

Typinsan I, . 

109 

4 

— False C. 

68 Z 

Portugal . 

22 I 


Vincent, St., I. 

131 4 

— - Port 163 z 

Vine Shi. 

101 4 

Vingorla Rka. 

59 M 

Viper Shis. . 

69 Z 

Viradores Is. . 

147 ft 

Viraquera Pt. 

139 4 

Virgenes C. . 

148 4 

Virgin 


- Is. 

130 1 

Gorda 

130 4 

Vischer I. 

166 I 

Viti Is. . 

160 1 

— Levou . 

161 3 

Vito, St., 0. 


Naples 

28 3 

SicUy 

27 4 

Vivero . 

21 Z 

VIvitao I. 

157 3 

Vizagapatam . 

60 Z 

Vliegen I. 

155 4 

VlielandLt. . 

11 t 

Vliko, Port . 

31 X 

Vogel Sang I. 

17 a 

Vohemar Pt. 

49 X 

Volcan Viejo . 

147 3 

Volcano B. 

112 4 

Volcano I. 


Andamans 

63 X 

Japan 

111 4 

8.E. of Japan 

112 Z 

S. Pacific . 

164 

Volo 

33 Z 

Volos I. . 

37 1 

Volta R. 

44 I 

Voltaire C. 

104 4 

Voltas C. 

46 X 

Vonizza 

30 4 

Vordate 

88 1 

Voronov C, 

17 1 

Vosmaer B. . 

83 4 

Vostok I, 

157 X 

— B. , 

113 4 

VouTla Scala . 

35 3 

Vries I. . 

112 z 

Vulcan I. . 

168 X 

Vulcano 1. . 

27 X 

Vuna I. & Pt. 

161 I 

Wadde Fcllingk 

61 1 

WadeTOe I. 

6 1 

Wady Jumaul I. 

61 4 

Wager I. 

143 4 

— R. 

118 4 

WahaayHarb. 

88 4 

Waia I. 

161 3 

Wal Apou 

108 X 

Waigamele Pt. 

90 X 

Waigeou 

91 z 

Waikato R. & 


Harb. . 

109 3 

Waimea 

170 4 

Wai-takl B. . 

107 Z 

Wuitera R. 

109 3 

Waltengi, Port 

153 4 

Waiwongy 1. . 

83 4 

Wakaia I. 

161 Z 

Wakaroa B. . 

107 Z 

Wake I. 

172 Z 

Wakuru I. 

158 4 

Walden I. 

17 3 

Waldgrave Is. 

94 z 

Wales . 

3 X 

Walker Bk . 

474 

Walker I. 


N. Pacific 

170 X 

V. Dieman’s L. 97 z 

Wallabi Grp. 

92 3 

Waller’s Shis. 

82 z 

Wallis I. 

141 Z 

Wallis Is. 


S. Pacific . 

159 1 


S orres Straits 102 z 
ney 1. . 3 | 

Walpole I. . 162 4 
Walsingham t3. 117 4 
Walsorame Is. 14 1 
Walter Bath. G 1 17 | 
Walton . . 81 

Walvisch B. . 46 4 

Wamoukou R. 91 4 
Wan-chow-foo 78 1 



900 INBJbiX TO THE MARITIME POSITIONS. 

^aufAmiilfarb. lOfi j Weninan T. 69? William, Fort 4? Worms Hd. . 24 York. Cape, I. 100 

— R. 107 4 . Weasel’s Is. . 10 » j William, Port WostenholmeC. 118 a — Factoiy 119 I 

Wanga-parawa Wessels . . 91 4 Falkland Is. 142 3 — I. 115 4 — Harb. . 138 4 

C. . . 108 3 West Peak . 72 z New Zealand 107 z Wowony I. . 83 4 — I. . 166 a 

WangarlB. . 108 4 Westall Ft. . 94 z William Rk. . 141 4 Wrath C. . 44 — Minster 143 1 

Wangaroa Harb. 109 i Western, William’s I. . 94 3 Wreck I. , 142 2 Yorke Is. . 102 1 

Wangeroog . 11 3 — Rf. . 69 3 Willoughby 0. 95 i — Rf. . 101 3 

Wangy Wangy 86 4 Westerwyk . 14 4 Willnnga , 95 i — Rk. . 36 2 Youalan I. . 173 J 

Warberg . 15 2 Westinanna Is. 18 1 Wilson C. . 91 3 Wright Rk. . 96 1 Youghal . 10 4 

Ward’s Is. . 94 2 Wcstiniii. Hall 143 3 Wilson’s I. Younaska 1. . 152 2 

Wardhii.vsl. . 16 3 Weston C. . 118 3 Low Archip. 11^2 Wyadda I. . 149 3 Young C. 118 2 

Wardlaw C. . 115 3 Westport . 9 2 S. Pacific . Il>4 3 Wyang Is. . 91 1 — Nik** Hd. 108 2 

Wamemunde 12 3 Wetang . 88 i Wilson’s Is. . 174 3 Wyllie Rks. . 77 ' 2 Young’s Foreland 17 4 

Warning Mt. 98 2 VVetta . . 87 3 — Prom.&Mt. 95 3 Wyre Lt. . 3 3 — Rf. . 101 4 

Waroo B. . 89 i Wexford , 10 3 Windau . 12 4 Wytoonee I. . 154 % Ypun I. , 144 1 

Warr Rf. . 92 i Weyland Pt. . 94 2 Windsor R. . 107 i Ystad . . 15 1 

Warren Pt. . 1 17 z Weymouth . 1 4 Windward Is. . 131 3 ' XakroC. . 36 4 Ytapere Pt. . 49 3 

WarrenderC. 116 i — C. . 100 z WineCooper’sPt. 85 i Ythata I. . 160 4 

— Port 104 4 Whale Cove . 119 i WingoLt. . 15 z Xerosl. , 33 4 Yucatan . 133 2 

Warrior I. . 92 i — Rk. 714 Winkova . 13 1 Xulla Is. Yule’s Rf. & 

Warwick Mt. 118 i — Sound. 115 4 Winter Harb. . liO 2 Bessey . 89 2 Opening . 101 1 

Wasa .14 1 Whalefishls. . 115 3 — 1 . . 118 4 M angola . 89 2 Yu-lin-Kan B. 70 4 

Waseen Pks. 50 2 Whale’s Back 123 4 Winterton . 7 4 Talyabo . 89 2 

Washington . 125 4 Whang-ho . 110 2 Wisby . 14 4 Xyli C. . . 31 4 Zach Mt. , 112 3 

Washington!. WhidbeyPt. &Is. 94 2 Wismar . 12 2 Zafarana Ft. . 52 i 

Marquesas 166 2 Whitby . 7 2 Witt, Mt. de . 96 3 Yait Chew B. 70 4 Zafarine Is. . 39 4 

N. Pacific 170 z White Bear Pt. 117 i Wittgenstein I. 155 3 Yakuno Sima 112 j Zafforana, C. . *28 i 

Wassia . . 88 2 — Blulflld. 107 3 Wizard Pk. . 92 4 Yalunga-lala I. 160 4 Zandvort . 11 z 

Watcher, N. . 65 i — Dogs . 72 3 — Rks. . 71 3 Yale College . 126 1 Zannone I. . 26 3 

S. . 70 3 White Hd. Woahoo I. . 170 3 Yallah’s Pt. . 129 z Zante . . 31 z 

Watchman C. 141 i Maine, U.S. 123 3 Woerden Castle 85 2 Yaml . 77 3 Zanzibari. . 60 2 

Wateeol. . 158 i Peru . 145 i WolfBeac. . 13 1 Yanar . 37 2 Zapadi 11a Cays 135 2 

Water Cay . 127 i White Hd. I. . 122 2 Yang-tse C. . 74 1 Zapara Castle 136 1 

— I. .112 1 Whiter. —Is. . 123 1 Yap I. , 174 4 Zapato Menor 793 

— Is. . 62 3 Asia . 115 t ' Wolf Rk. Yarmouth . 7 4 Zapoto Pt. . 135 } 

^ Volcano 147 4 Massachusetts 124 i England . 2 z Yazon C. . 35 z Zapotilan Pt. . 133 i 

Waterford . 10 3 Now Zealand 108 3 Oilolo . 90 z Yba . 76 4 . Zara . . 29 4 

W uterhouse I. 97 z White Rk. Wolfe’s Monum. 121 z Yellabol I. . 43 2 Zavodovski I. . 141 2 

Waterlandt I. 156 2 China Sea . 67 i Wolkonsky I. . 1.54 4 Yellow R. . 110 2 Zavora Pt. . 47 2 

Watling’s I. . 127 3 Falkland Is. 142 I Wollaston Land 117 2 Yembo . 52 2 Zawani Ft. . 38 2 

Ind. Arch. . 76 i Wood 1. Yendual. . 161 1 

Way, Pulo Tartary . 113 3 Labrador. 120 4 Yenikaleh . 35 x Zeal. . . 32 3 

ti. of Siam 681 White Kk. Islet 105 1 Maine, U.S. 123 4 Yenisei Gulf . 115 i Zebu I. . .79 2 

Sumatra 63 2 — Sea . 16 4 Woodah I. 103 2 Yerimo C. . 112 4 Zembra . . 38 4 

Waygatl. . 115 3 Whitehaven . 34 Wood’s Mt. . 141 i Yermoloff I. , 155 z Zealand Fort 

Weda . . 89 4 Whitsun I. . 164 i Woodin’s Chan. 163 z Yosan C. . 112 4 Brit. Guiana 137 2 

— Is. . 89 4 Whitsunday I. 154 4 W’oodlark Is. . 167 3 Yeu, I. de . 20 2 Formosa . 74 2 

Wedge I. . 122 2 Whittle C. . 121 1 Woodlel. . 162 3 Yozo I. , ,1124 Zebayerls. . 624 

Wednesday I. 102 1 Whydah . 44 t Woody C. , 46 4 Yifc Is. . . 72 3 Zebeed, Has . 62 4 

Whytootackio 1. 158 i Woody 1. Yki I. . . Ill 3 Zeewyk Chan. 92 3 

VVogg’s C. . 118 2 Wiborg . . 13 3 China Sea 67 1 Ykima T. . 109 4 Zegin, Ras . 54 4 

— I. .119 1 Wichel. , 17 3 Ind. Arch. 881 YUn,I. &Pt.. 76 3 Zelee C. . 164 4 

Wei-hai-wei Ha. 110 3 Wickham C. , 95 5 Madagascar 49 i Ylo . . 145 3 Zeyla . . 51 2 

Welle I. . . 167 4 Wicklow . 10 2 Paracels . 71 2 Ybx* . . h') 4 Zinari I. . 32 4 

Wellesley Is. . 103 i .Widau Lt. . 12 3 Woody Yloylo . . 7!) 3 

— Shi. 66 I Wigwam Pt. . 142 4 — Hd. . 109 3 Yokuliarna . 112 z Zirona Picco?a T. 29 4 

Wellington . 108 1 Wilberforce C. 103 3 — Hill . 92 2 York Breakers 7.5 3 Zoaruh . . 38 3 

— C. . 97 3 Wiles C. . 94 3 York C. Ziirafa Ilk. . 33 4 

Wells Rf. . 165 4 Willaumez I. . 168 3 Woosung • 74 1 Baffin’s 13. 115 4 Zuri I. . . 29 4 

Wellstead Rk. 67 x ( William G. . 83 I Workington .34 -- 117 3 Zyghur Pt. . 58 1 
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A 


Abi 7 -Da.ud Bas 

53 3 

Abu-Shehr . 

M 2 

Ahuthabi 

5.3 4 

Adou Matte Atoll 56 2 

Agia Maria C. 

85 3 

Agria Grabusa 

36 3 

Agulha Pt. 

40 1 

Agunyoh Pk. . 

110 I 

Aillik Hrb. . 

119 3 

Air, Pt. of 

3 2 

Akatnidau Hd. 

111 4 

Aknttiri C. 

33 4 

Abing Kalcn . 

66 2 

A Ibert B. 

150 t 

Albron Hd. 

75 3 

Alexander P. 

150 2 

Alexaridrcxjski 

113 4 

Alfred Shi. 

86 3 

AlgaB 

113 4 

Aliquay . 

80 2 

A1 Kran. 

54 T 

Alkreyn . 

54 I 

Al|)haB. 

151 I 

Altata 

l-lS I 

America B. . 

113 3 

Anciola Pt 

24 3 

Andrews, St. . 

6 4 

Aneitoum 

163 3 

Angosto Port. 

142 4 

Anguila Pt. . 

24 3 

Anuologo 

164 2 

Anson B. 

172 I 

Antipodes I. . 

153 3 

Antony, St., Lt. 2 2 

Anuling I. 

80 3 

Anwer Pt. 

84 3 

Aoga-Sima 

112 3 

Aoura 

173 ; 

Apio C. . 

83 3 

Api Hd. . 

86 4 

A polios 1. 

111 4 

Apollo B. 

95 2 

Araby . 

54 I 

Arena Pt. 

149 2 

Amaut C. 

37 4 

Arth Ras Al. . 

54 2 

Astapheva Pt. 

113 3 

Astoria Fort . 

149 2 

Astropalaia . 

82 4 

A tin 

158 I 


Augiistino, Sau 171 3 


Awftsima 
A yor Baiigies 
Ayr Pt. . 


112 3 
64 I 

3 4 


Baccalieu I. . 120 s 
Badong B. . 85 4 

BiigaPt. . 150 3 
Bagaciw Pt. . 80 2 

Balat R. . 70 3 

Bald I. . . 93 1 

BaleinesLt. . 20 3 

Baliguian Islet 79 4 
Balinhasiiy C. 76 4 
Ballycottin . 10 4 

Bander Abbas 54 4 
Bainoewaivjie Ft 84 4 
Bankoeongon. 63 3 
Bankulu . 83 3 

Banka C. . 98 i 

Banta I. . . 86 i 

Barclay Sd. . 150 4 
Bare I. . . 88 3 

BarracoutaC. 46 3 
Barren I. , 98 4 

Harroras Pt. . 78 z 


Raroo C. . 66 3 I 

Bartholomew, at., 

W. Ind. . 1.31 I 

Basiddh . . 54 4 

Basra . . 54 z 

Bassa I. . . 83 4 

Bawean I. . 85 3 

Baynes Sd. . 150 i 

Biiyoimaise I. 11 2 3 
Bazit, Raz el . 37 3 

Befilo G. . . 150 4 

Beaufort 1. . Ill 2 

Boaurnaris . 3 2 

Beaver Harh, . 150 1 
Bocrenborg Mt. 17 4 
Beirout Rjia. 37 4 
Belang Town 83 2 
Bel Sound . 17 3 

Benzort . 39 i 

Berwick, North 6 4 
Bilaa Pt. . 79 4 

Bird I. 

Australia 101 3 

C. Verd. Is. 41 2 

Birkeh . . 53 3 

Bishop Rk. Lt. 2 3 
Bishop’s Sound 163 i 
Bittern llks. . 112 3 
Black Rock Bin- 
tang . . 62 3 

Black Rck.s. . 89 4 

Black water bank 10 3 
Blackwood 0. 87 3 

Blair Port Qrt. 

Andaman . 62 4 

Blanca Pt. . 80 2 

Blanco 0. . l49 2 

Bla.skctt, Grt. 8 4 
Blundcn llarb. 149 4 
Bockoean . 03 3 

Boeroug I. . 74 3 

Bohoy . , 89 2 

Bojeadov 0. . 77 i 

Bombay Shi. . 69 4 

Bonaslra Pt. . 29 4 

Bonaventm’eHdl20 i 
Hondo Cab. . 78 3 

Boncrato I. . 86 3 

Bongo I. . 80 I 

Bonillk. . 84 1 

Bonita Point. 149 J 
Booby I. . 169 i 
Borocay I. . 79 3 

Borougan . 78 4 

Boulo, Ot. . 121 4 
Bowcii I. , 149 4 
Bowen Mt. . 99 3 

Bran Sand Lts. 7 2 
Briers I. . 122 2 
Brimnes . . 63 

Broken B. . 98 i 

Broughton I. . 98 i 

Brooks Is. . 171 1 
Brothers Two 81 4 
Brunet I. . 120 2 
Butlalo R. Lt. 46 4 
Bujoyah . . 39 2 

Bull Harb . 150 2 
Duller C. . 141 i 
Burnusa I. . 64 3. 

Burin Harb. . 120 2 
Burrard Inlet 149 4 
Button . , 84 2 


Canaron I. . 75 4 

Capicciolo Pt. 4 
Carena Pt. . 27 i 

Garter B. . 151 i 
Cartwright llai^ 119 3 
Ca.stel a Mare 27 4 
0;»HUm-ina I. . 169 1 
C.ibilina Hrb. 120 1 
CutUorine Rf. 65 4 
Catherine St. Pt. 1 4 
Catwyk Little 68 3 
Cauit Pt. . 79 4 

Caution C. . 150 i 
Cay Verde . 127 i 
Cay West . 120 3 
Chain Rk. Batt. 120 2 
Cnarle.s XII. I. 17 3 
Chassii'ou Lt. . 20 3 

Cherbauiani . 65 2 

Chesterhchl Ini. 119 1 
ChiiuatAU Prom. 110 4 
ChuUiulosp'.t . 113 3 
Churruca Port 142 4 
Clarence R. . 98 2 

Clayoquot Sd. 150 4 
Clerko Reefs . 150 2 
Clive Shoal . 53 3 

Cock.scomb Mt. 134 i 
Codlingbank . 10 2 

Cod Roy I. . 120 3 
Coloroou . 60 i 

Collo . . 39 2 

Colonna C. . .85 4 

CVilonnc Pt. . 28 3 

Columbine Cove 143 3 
Cook 0. . . 150 2 

Cook I. . . 98 2 

Cook Eutr. . 100 4 
(toper’s I. . 58 I 

Cornwallis 1. . 116 1 
Coronation C. 169 2 
Correuti I. . 27 3 

Cortez Bank . 148 4 
Corton Lt. . 7 4 

Cow Hd. . 120 3 
Grio C. Caudia 36 3 
Cruz Sta. Ch. . 139 i 


Cajotuba I. 

Canada * 


138 I 
121 


Dai R. . 
Dalkeith Pt. . 
Dampicr’s Rf. 
Dana I. . 
Daiiaimo Ilrb. 
Danger Rk. . 
Dauoosc Hrb. 
Darigayos Pt. 
Das I. . 
Dtasiraa S.aki . 
Dawros Hd. . 
Dedica-s Rks. . 
Dernitri C. 
Donisun Pt. . 
Denserra Pt. , 
Desire C. 
Detached I. . 
Doyni 

Dilegisa Pt. . 
Dilhi Town . 
Dinagat I. 
Direction Hill 
Discovery Pt. 
Djampea I. . 
Dooii I. . 
Doongdoangan! 
Doro Naei Pt. 


70 3 
150 4 
92 2 
87 3 
150 I 
1.50 4 
150 I 

76 4 
54 I 

111 3 
9 3 

77 I 


24 3 
17 2 
75 4 
64 I 
90 I 
87 2 
79 4 
142 4 
149 3 
86 2 
70 4 
LSt.82 3 


Dos Cuernos Mt. 77 4 
Double Hill Pt. 70 4 
Douglas C. . 169 3 
Drasti C. . 30 4 

Dubh Artach Rk. 4 3 
Dubh Sgeir . 4 3 

Dudosa I. . 1.57 I 
Duncan B. . 1.51 1 
Duiigeness New 149 3 
Duiigeuess Pt. 142 3 
Dyati Pt. . 86 i 

DyoneeC. . 84 t 

Dyclolo . , 90 2 

Fidcn Hrb. . 143 3 
Encounter Rk. Ill i 
Eskifuros . 34 4 

Esperanza Inlet 150 3 
Estpiimalt Hrb. 150 i 
E.sterro do Agia- 
bampo . j48 2 
Estevau Pt. . 1.50 3 
Euuosbos Pt. . 38 2 

Expedition B. 113 3 

Fakarawa . 155 x 
Fakcor’a Pt. . 60 4 

False B. . . 46 3 

Fangaloa B. . 158 3 
Favallon de Pa- 
garos . . 172 2 

Farmer I. . Ill 2 

Farse , , 54 1 

Fell morn I. . 12 2 

Femcrii . . 12 2 

Ferrer Pt. . 160 3 

Porrollo Pt. . 120 3 
Fettercssoo . 6 3 

Feylechoh I. . 54 2 

Fiery Cross Rf. 69 i 
Fle.ska C. . 8.3 3 

Flores I.. . 160 4 

Flower Cove . 120 3 
Foot Pt. . . 50 3 

Formiclie Is. . 27 4 

FtirtuiicB. . 143 3 
Fraser R. . 149 3 
I'Vcdcriekshaab 
Ch. . . 115 3 

Frur I. . . 64 3 

Frilr Shi . . 54 3 

Prj'ing-pau Shis. 126 1 
Furious N. Shi. 75 i 

Gaidaro Nisi . 33 4 

Gaidamak Hrb. 113 3 
Garde de C. . 39 1 

Garry Pt. . 149 3 

Gavau Rf. . 69 3 

Gavdo I. . . 36 4 

Gavdo Poulo . 36 4 

Gays . . 54 3 

Godoh . . 87 2 

Gibuson I. . 79 4 

Girneyn . . 53 4 

Gloriouse I. . 49 4 

Godthaixb . 115 3 
Goldst.reamHrb.150 4 
Golo I. . . 76 3 

Goron Tato R. 83 3 
Gowllaud Rk.s. 150 4 
Gra])plor Pt. . 143 3 
Gready Hrb. . 119 3 
Green I. . . 67 i 

I Green I. . . 120 3 

I Oreenspond . 120 i 


Guayguararo B. ISh 4 
Gula I. . . 87 7 

Haiyuntaii 1. . HI i 
Haldervig Ch. 6 2 
Halt B. . . 143 3 

TIaliil . . 54 I 

Hamilton l*t. Ill z 
Harbour Grace 120 i 
Harvey Port . 149 4 
Haskeir Is. . 5 1 

Hatamura . 112 3 
Havannah Hrb. Iti3 3 
Hayman I. . 99 z 

Heard I. . 58 3 

Hector Shi. . 82 i 

Hed Ras A1 . .5:s 3 

Helen Shi. , 712 

Hengar I. . 64 4 

Horguz . . 51 I 

Hormana Mayor 1.76 4 
Hernando I. . 119 4 

Hervoy Is. . 158 t 
Hesquiat Hrb. 1.50 4 
Ilimihinbrook I. 99 3 
Hinderabi I. . 54 3 

Hinlopen Str. . 17 3 

Hirado Str. . Ill 3 
Holmes H. . 151 1 
Hoogly R. . 60 3 

Hormuz I. , 54 4 

Hornsunds Pk. 17 3 
Howo Sound . 149 4 
Hulu Shan B. 110 4 

Ibbetson C. . 151 i 
Ibu Haul Raz 37 3 


lengani I. 
leraki Pt. 

Ici*o3 C. . 
Igauni P. 
Inaboyo-saki 
Indian Tickle. 
Ingorsoll Rks 
luishark head 
Iron I. . 
Isaacs Sir, Pt. 
Isaro Volcano 
Isa-saki . 
Island Hrb. 
Island Hrb. 
Isthmus B. 
Iwoga.sima 
Jebel Dhobah 
Jcbel Thelj 
Jella Cofl’eo 
Jerabu-Sima. 
.lervis Inlet 
Jeziret Jun 
John, St., Pt, 
Jorl-sima 
•lose, St. 
Josina Rfs 
Juragarao I. 


31 2 
35 2 
31 I 
112 2 
119 3 

111 4 
9 I 

110 4 
94 2 

78 r 

112 I 
143 3 
1.50 4 
143 } 

111 4 
53 I 
38 3 
44 1 

110 2 
149 4 
53 3 
10 1 
110 % 

79 3 
83 2 
79 } 


Kabia I. . . 86 3 

Kait Pt . . 83 1 

Kaka Rf. . 86 4 

Kalamata . 31 

Kalambayang 61 ) 
Kal Faroon . 51 i 

Kalomun C. . 91 ^ 

K.tmbariiighie B.86 2 
Kainbing . 87 l 

Kame-ura B. . Hi | 
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Kasm Pt. 


Kheymeh Ras el 53 4 
Khiibbeh Ras el 53 3 
Kikai-sima 112 1 
Ring Easau I. 112 ^ 
KitriesO. . 31 4 

Kitten I. . 150 2 

Kok-si-kon Ft, 74 2 
Komodo . . 80 2 

Kongoni R. , 47 3 

Kongo ini . 54 


112 I 

Manin I. 

83 4 

82 3 

Maol Na. Ho. 

4 2 

11 1 

Marang Mt 

82 2 

56 2 

Marathi a C. . 

81 2 

54 4 

Marble I. 

137 X 

84 4 

Mare 1. . 

163 X 

67 2 

Maria Reigers- 


38 4 

bergen 

85 4 

19 4 

Maria Santa . 

164 2 

54 2 

Marshall Pt. . 

149 4 

54 2 

1 Mamndura Id. 

74 4 


Koprino Hrb. 1.10 2 
Kofliki . . Ill 4 

Kosu-sima . 112 2 
Kotsii Sima . Ill 3 
Koiipho Nisi . SC 4 
Koweyt . . 54 2 

Ktibbr I. . 54 2 

Kuhi Mdbfirck 54 4 
Kunello C. . 31 3 

Kuro aima , 111 4 
Kutslno-sima 112 i 
Kyancbau Hrb. 110 3 
Kynumpt Hrb. 151 1 
Kyuquot Sound 150 3 


I.abo, Mt, . 78 

I<a Cala . . 39 

lAcht Huen Rk. 1 0 

LachtKouonn Hr. 70 
Lady Inglis Rk. 112 
Laichau Buk. 110 
lAka Lt. . 30 

Lama Pt. . 89 

Landijukan 
Langeland 
La Poile B. 

Ixirek 
Tjaun, St. 

Lepa 
Ijiau Ho . 
l.iau-ci-shau Prom. 

no 

Libagao I. 

Lifou 
Litingoii 
TIittinoa C. 

Loaita Cay 
Loaita Id 
Locoloco Pt. 
London East Rf. 09 
<— Central Rf. 09 
— Gunrtcron Rf. 09 
Lonsdale Pt. . 95 

Loog Port . 78 

Lookout T. 
Loopbead 
Lord Hood I, 


1.50 ; 

9 1 
1,54 : 

LourIi liu Ilrb. 151 
Louttit B. . 95 ; 

Lower Mataeura 1 JO ; 
Luconia Danger 0»9 i 
Liimintau Pt. 76 3 


MacedonianRks.il 2 
Maderong Pulo 89 
Madoe I. .86 

Mahmur Raft. 38 
Makalleh . 63 

Malhon I. . 79 

Marognin . 79 

Manigniu . 76 


Maain Loc. 
Maskat . 

— Saddle 
Hill 


76 4 
53 3 

t 1 


Matacumbe T. 126 3 


143 3 
77 X 
112 2 
164 2 
53 2 
69 2 
66 3 


M.'iyno Hrb 
Mayraiea 
Mela Ledge 
Mendana C. 

Merbat . 

Merino Cay 
Mesaana I. 

Meyet or Burnt T. 51 \ 
Mich.ael Scynaour 
Port . . 118 4 

Middleton Pt. 60 3 
Mikura I. . 112 2 
Milhr Ras al . 38 2 

Minehead . 10 3 

Mittlcmatch . 149 4 
MoeletivooHouse 60 i 
Monda C. . 81 x 

Montebello I. Ill 2 
Montravel I. 
Montugan Pt. 
Muroto-saki 
Mutaf Ras. . 

Mydom 1. 


111 2 
78 2 

112 X 
54 2 

113 4 


Mystery Rock 144 4 

Nitbyd Frdr 1. 54 3 

Nagarsbo . 112 x 
N.alupapt Rf, . 79 3 

Naum Harb. . 151 i 
Nam Yit . 09 3 

N-tsparti Inlot 150 3 
Natoco Pt. 78 3 
Nedorburgh Pt. 8.8 3 
Nccale B. . 149 3 
Neville Port . 149 4 
Newland Sh. 65 4 
Now Perl lean 120 x 
New Westm. 

Mil it. B:irr . 149 4 

Niouwerke 1. 86 4 

Ninety-fight feet 
I. . 150 3 

Noma S'.iki . Ill 3 
Nomiuie Town 87 2 
Nootka Sound 150 3 
Norman C. . ISO 3 
N. Ca]>o Spitz- 
bergen . 17 3 

North Harb. 150 2 
Nuchatlotz In. 150 3 
Numachoa . 49 4 


Occasional Hrb. 
Offer Wadhara 
Oho Sima 
Oluntanga I. . 
Oinae-.saki 
Omaaaka-sima 
Oonting Port . 
Oregon Inlet . 
Ose Saki 
Otter B. . 


119 4 
119 4 

111 4 

80 X 

112 2 
112 3 

110 X 
125 4 

111 3 

143 3 


Paani Is. . 163 4 
Pager Id. , 64 i 

Pal us Rkft 112 I 


Palmerston C. 150 2 
Pandiang I. . 85 3 

Papho 0. . 88 I 

Pjirklung Cape 70 3 
Patteson Port 104 2 
PcJirl Rks. . 160 4 
Pedro Pt. . 66 4 

Phillip I . 95 2 

Pientyaug I. . 83 1 


Pondiko-nisi . 
Ponyong Mt. 
Prince Consort 
Bank . 

Proti 


sri 

64 3 


Seld om-come*by 
Hrb. . . 120 X 

Sernno . . 87 2 

Semiahmoo B. 149 3 
Sem Ras . . 3S 3 

Sentinel I. . Ill 2 

Seri I. . . 64 3 

Setonda I. . 86 x 

Shah Allum Shi. 64 i 
Shahu Mt. . 34 4 

Sham Fort . 63 4 

— Pk. . 5.3 4 

Sharp Pk. . 110 4 

SheikhMa8udR.a8 53 4 


Piicio 

79 3 

Shell 1. . 

169 

1 

Pudsey Dawson 

82 2 

Sheykh Shayb 

54 

1 

Puerto Bueno 

143 3 

ShiniKao I. 

54 

1 

Pulo Potnangil 

66 4 

Sholl B. . 

142 4 

Pulo Simalla . 

63 3 

Sian Wuhu B. 

113 

4 

Pusiia Pt. 

80 I 

Siargao I. 

79 4 

Pyramid Pt. . 

70 4 

Siaton Pt. 

79 

2 

Siberoet 

64 

X 

Quatsino Sd. . 

150 2 

Sibonga P. 

79 4 


Sibugay . 

79 

X 

Race I. . 

150 X 

Simpson Fort P. 

15 » 

X 

Raleigh Rk. . 

109 4 

Siiiooiiii 1. 

69 


Rapang Shi. . 

84 3 

Sindang.in 

SO 

2 

Ra^bcich 

61 I 

Sipora . 

64 

I 



Siquijor . 

79 

2 

Rapurapu I. . 

78 2 

Sir Abu Neyr 

63 4 

Rattler Rk. . 

112 2 

Sir Boni Ya.s . 

53 4 

Rodfuld Rks. 

112 2 

Sir Ilass.m 

67 2 

Reef Pt. . 

150 2 

Sir Hugh I. . 

62 4 

Refuge Cove . 

150 4 

Skel Rk. 

85 

1 

Rokkori Ras . 

54 I 

Skidegato 

151 

2 

Rennie Sbl. . 

64 X 

Skryplcff I. . 

113 

J 

Rmou 

67 I 

Skye I. . 

4 

3 

Retribution Rks.lll 4 

Slingsby Chan. 

150 

I 

Rhytymuo . 
Rifloiuan Buk. 

36 3 
68 4 

Smith I. . 
Sombrero Cay 

149 

126 

3 

3 

Roberts Pt. . 

M9 3 

Sooke Ini. 

150 

X 

Rocky I. . 

153 4 

Sonbi I. . 

07 

3 

Roekly B, 

137 1 

Soubie Rf 

69 4 

Rocssa . 

86 3 

Spox SLr. 

111 

3 

Ro.sello Lt.-ho. 

27 3 

Sphax . 

38 4 

R0.8.S I. . 

111 2 

Spratly . 

69 

I 

Rustiig Jebel . 

53 3 

St.av)*os C. 

36 

3 

Round Hill I. 

119 4 

Stavrota Mt. . 

31 


Hovalist I’t. . 

75 4 

stewa’ t Aiich. 

151 

I 

Ruad 1. . 

87 4 

Stor Fiord 

17 

3 

Ru Zukkum Shi. 53 4 

Snal Pt. 

76 

4 

Ru llunish 

4 4 

Htigra 

53 

1 

Russell C. 

160 2 

Sullivan’s I. . 

126 

X 



SnUana Bnk. 

80 

3 

Sahinell Pt. . 

22 3 

Suliv.an Rfs. . 

150 

3 

Safety Cove . 

1.50 4 

Snmberruu . 

54 

3 

Saida 

37 4 

, Sum Saki 

111 

4 

Said Pi t Suez C- 38 1 

I Snrigao Pt. 

79 4 

Saints, The . 

131 3 

1 Snr 

37 4 

Salak Mt. 

84 2 

8urvo5'or’8 I. . 

110 

3 

SaLawattic 

88 3 

Snwa-Sima 

112 

I 


Samar.ang Bk. 75 i 
Sarn|)it B:iy . 82 1 

Sandon Rks. . 112 x 

S;indy Point . 142 4 

San Luis Obispo 149 i 
S.'inge.aiig I. . 86 i 

Sail Juan Pt. . 150 x 


Snwik 
Swainc C. 


53 3 

151 I 


Swallow Crp. 164 2 


Syau-ki Pt. 


74 3 


Ssui-o B. . 
Saputan Mt. 


74 3 
83 


Sarah’s Bosom 153 3 


Sai-ang.ani Pt. . 
Sai-ontang 
Saturdyaiig 
Sjitonbielo I. 


80 X 
84 X 
74 3 
86 2 


Saunders Pt. . 120 3 

Sca.pay . . 5 i 

Scott G. . . 160 2 

Seymour Nar- 
rows . . 150 X 

Sea Otter Rk. 150 4 
SeccadiCapo. 27 ^ 


Tabusima . 112 3 
Tafel C. . . 85 4 

Taja Grp. Sooloo 80 4 
Takasiina . Ill 4 
Taka-si nia . 112 2 
Takesiina . Ill 4 
Talebo Pt. . 90 x 

Talien Wh.-in B. Ill x 
Tatnuudua I. 138 i 
Tama-nt)-ura . Ill 3 
Tamar Port . 142 4 
Tamhelan Id. 67 x 
Tamb Ras at . 54 2 

Tanub Ras . 64 2 

Tnnah Massa 64 i 
Tatsupi-saki . 112 3 


Tatiyama B. . 112 t 
Tcheniya B. . 118 4 
Tearaght Rk. 8 4 
Tellogouda C. 83 3 
Terobi . . 6() 2 

Texada I. , 149 4 
Thitu Id. . 69 4 

Thirty-feet I. 150 3 
Thrum Cap . 154 3 
Thurlow I. . 149 4 
Tignoso . 30 3 

Tiguma . 80 1 

Tizard Bk. . 69 3 

Tokfiretsky C. 113 3 
'I'oko B. . 83 3 

Torell C. . 17 3 

Totchu Pt. . 150 3 
Toulinguet Is. 1 20 x 
Tower Pt. . 110 3 

Toyoina . 112 2 
Tralee lit. Snni- 
pliiro It. . 84 

Trrop.issy Hrb. 120 2 
Tri.xnglo I. . 150 2 
'I'rident Shi. . 69 4 

Tri<alda I. . 1.52 2 
Tripjti C . 36 3 

Trizzi Tower . 27 2 

TBiikar.isG . Ill 4 
Tuesday B. . 142 4 
Tumah'u Mt. Ss 4 
Tum.ingo Pt. 77 4 
Tuinb .Jezt . .54 4 

Tomb Je/.t N.abu 54 3 
Tiimeij Ula R. 113 3 
Tuuashcu I. . 110 i 

Uea I. . , 163 X 

Una Una I. . 83 3 

Undine Cove . 163 l 
Union Copper 
Mine . . 119 4 

Vachronis Mt. 31 2 
Valdez I. . M9 4 
Vannalava . 164 2 
Vathv P. . 31 X 

Vila Hrb. . 163 3 
Vosiivins Rk. 86 2 
Vfsiivins B. . 89 2 

Victoria Hrb. 150 i 
Victoria I. . 157 x 
V’^irgins G. . 112 3 
Virgin Rks. . 150 4 

Vladiuior, St. B, 113 4 

W.Mlleab r. Gt. 83 3 
Wanckau Buk. 74 % 
Wassa . {to i 

Webock lirb. 119 3 
Wedge Pt. . 87 2 

Wells l^ass . 119 4 
Whale Rf. . 84 f 

Wliidbcy I . 149 3 

Whiti-nnday I. 99 2 
Wrangle B. . 113 3 

Wreck B. . 163 i 

Yakimova Pt. 113 4 
Y.anisadi 8 I. . 36 4 

YatakeC. . H2 i 
Yedo I. . . 112 2 

Ycnoi Sima . Ill 3 
Yligan Pt. . 77 4 

Ylongos . 79 2 


Yusun Sbl. 
Yutsisima 


68 4 
112 3 


Zambesi R. 47 3 
Zarothema Mt. 30 4 
Zcalandia Brik. 172 i 
Zirkuh I. . 58 4 
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ABtKBVTATIONS, p. 10, TlOte 

in Tabic 10, explanation, p. 382 
Abrolhos, no change of temper, of 
water on, 1038 

Acceleration, Table 23, explan. p. 398 
Acben, water off, p. 335 
Acute, 86 

Adjustments of the compass, p. 67 

of ti»e needle for varying dip, 227 
of the sextant, p. 163 
Adjusting screws, caution, 497 
Adventure, H.M.S. p. 36i, note 
Age of tide, 919 

necessary for lit. 035 
Airy, JMr., plan for counteracting local 
attraction, 257 ( 1 ) 

Alcestc, log, p. 135 ; also, p. 355, 360, 
note 

Altitude, dcf. 206 
circles of, 427 
apparent and true, 432 
parallels of, 430 
changes of, p. 221 
correction of, 428 
observing the nooon’s, 540 

a star’s, 54 1 

— — to correct. Sre Correction. 

— reduction of, for change of place, 
661 

to an intermediate time, 660 
true to apparent, 657 

to find the, p. 219 

on the merid. 663 
from the hour-angle, 666, &c. 
from the azimuth, 668, &c. 
on the prime vertical, 664, &c. 

Table 29, explan. p. 400 
» to convert the true into apparent, 
863 

Tables 43, 44, cxplan. p. 404 
— change of, to find, 669, &c. 

change of, at a given azimuth, 
670, &c. 

Table 46, explan. p. 404 
dj. and variation of do. p. 182, 
note* 

Altitudes, observing at sea, 487, 534 
do. when high, 535 
do. with hazy horizon or disc, 538 
with a shore horizon, 549, 650 
observing, on shore, 551 
manner of testing a set of, 580 
observed from opposite points of 
the horizon, 535; p. 156; 541 
do. noting the time, 535 
remark, p. 322 

■ II ■ a set of, error of interval.**, 558 
of stars, afford a check on the 
D. R. as also on a mistake in 
the Bvm's declin. 977 
Amargura, reported appearance, p. 377 
Amplitude, def. 446 

Table 69, explan. p. 408 
— affected by refraction, 446 
corr. of Table 59 a, explan. p. 409 
— — observing, at sea, 885 

of a star is best observed at set- 
ting. 842 

the observation, not open to cer- 
tain errors, 888 
— ■ to oomputo the» 887 


Analogies or trigon. canons, 162 I 

rules for working by logs. 166 j 

Analogy, 43 i 

Anchor, angles for recovering a lost, 
368 

Angle, def. 81 ! 

measure of, 82 | 

acute and obtuse, 86 j 

to lay off, at a point, 95 I 

at the sun or moon in a lunar, to > 
find, p. 296, note t 

Angles, to measure and layoff, 106, 107 
Aniinalculse colour the sea, p. 3(i0, 
note § 

Annatoin, hcaring.s required, p. 363, 
note 

Annuaire dex Mark's, p. 317, note * 
Antarctic circle, 21 1 
Aor, Pulo, p. .382 I 

Apparent Altitude, 1.32 

clip, 205 

Table 30, explan. p. 400 
- distance, 848 (2), and 850 

time, def. 474 j 

to convert into mean, 605 
Approximate Dcmb. Alt., advantage of 
the method in practice, Pref. 
vii 

has been found convenient, p. 245, 
note 

Approximate Lunar, principle, p. 284, 
note 

Is near enough in general, 843 
should be used as a check against 
error in the rigorous process, 
p. 286, note t 

affords the angles at both bodies, 
p. 296, note t 

Approximate Methods, chief advan- 
tage of, p. 255, note 
note on term, p. 51 
are often preferable, p. 255, note 
Approx. Variation, Tab. 11, cxplan 
p. 394 

Arago, terrestr. refr. 536 
Arc, def. 80 

to convert into time, 341 
Table 17, explan. p. 397 
square of, to find, p. 407, Tab. 56 
is the limit of the sum of the 
chords, p. 96, note 

of sextant, to test, 498 

Arctic circle, 21 1 
Arithmetic complement, 62 
application of, 63 

Arithmetical operations, by logs. p. 20, 
64 to 72 

Arlett, Lieut, p. 381 
Arming, of the lead, 400 
Arshcens, p. 368 (10) 

Artificial horizon, 517 

fluids proper for the purpose, 521 
Comm. Becher’s, 172 
bubble, not approved, p. 171 , note f 
spinning-top, p. 172, note * 

— — effect of tho height of the eye, 559 
stand for, 519 

Assumption, solution by, p. 51, note 
Astronomical bearings, p. 313 
day, 480 

Athos, Mt. example, 894 ' 


Augmentation, 3) semid. 440 
Table 42, cxplan. p. 404 
Australia, dews, p. 3.56 
Awash, symbol of, p. 385 (I) 

Axiom, 112 
Axis, 181 
Azimuth, def. 444 

how measured, 445 

to find, from the alt. 673 

from the hour-angle, 673 
from the hour-angle and ait. 670 
from change of alt. 677 
remark in observing at sea, 889 
compass, 219 
adjustments, 222 

Back, observation, p. 165, note $ 

Bain, Es^ay on the Variation^ p. 7(S 
note • 

Balade, natives, p. 378 
Barbary, coast, anchorage off, p. 361, 
note 

Barlow, Professor, his plate, 257 (1) 
Ensay on Magnetic Attraction§ 
p. 72, note t 
Barnett, Comm. p. .377 
Barometer, Fr. and Engl. Table 37, 
explan. p. 402 
ht. ot, uffucts the tide, 929 
Barrier rfs, 1033 
Base, IH9 

Bayfield, Capt., local magnetism, 946 
Sailing Directions Jor the St, 
Lawr. p. 74, note t 
p. 74, 131, 173, notes 
Bearing, dcf. 201 
taking a, 201 

Bearings, observing on board ship, 221 
observed, do not agi’ee with chart. 
392 (3) 

should be observed at place of no 
local deviation, 239 
of land, by means of chron. p. 345 
reduction of true to do. by com- 
pass, 225 

Beaufort, Sir F., observation of index 
error, p. 164, note 3 
nutation fur wind and weather, 
409, p. 115, ntde 

Bechcr, Comm., artif. horiz. 622 
tables of measures, p. 367, note 
Bcechey, Adm., sextant, 501 

remarks on temper, of the sei^ 
1039; sec also pp. 344, 355 357. 
358, 363 

his chronometers, p. 344, note f 
Begat, M. TraitA de Gdudesie, p. 129, 
note 

Belcher, Sir E., remark on chrono- 
meters, p. 274, note 
Bellingshausen, Adm., pp. 356-7, 377, 
note t 

Bessel’s refract, p. 401, note 
Binnacle, 217 

Biot, M., mirage, p. 62, note 
Birds indicate land, 1035 ; also pp. 358, 
361 

Bisect, a line, 98 
an arc. 100 

Black Joke. p. 335, note * 

Blackwood, Capt., 1033 
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Boat, horizon from, 53R 
Borda’s circle, 507, &c. 

Bowring, Mr., Lunars, p. 802, note t 
Boxing the compass, 217 
Brackets, in Tab. 10, denote limits, &c. 

p. 385, No. 5 
Brasses, p. 308 (5) 

Brazas, p. 369 (13) 

Breakers, 1041 

Bullock, Gapt., descent of lead. 399 
Burckhardt, tables, moon's semid. too 
small, p. 297, note 
Burt's buoy and nipper, 402 

Calendar, necessity of arbitrary cor- 
rection, p. 152, note t 
Canon, raising the, 1 1 1 
Canons, constructing the, 162 
Carteret, lO.^S 

Case of a sextant, remark on, p. 170, 
note 

Centigrade therm. Table 36, expl.p. 402 
Centimetre, Table 37, explan. p. 402 
Centre of a circle, to find, 102 
Changes of alt. G69 

Channel, dilferent courses up and 
down, p. 332, note 
Character of savages, p. 377 
Charts, p. 122 

of small districts, 392 
Chasing, p. 94, note t 
Chord, def. 180 
Chords, scale of, 1 06 
to construct, 109 

Chronometer, manner of fixing, 525 
position to be preserved, 526 
sliould be compared when moved, 
.526 

to bo wound up regularly, 527 
when stopped how to sot a-going, 
527 

temperature chief cause of change 
of rate, 528 

recommended to be held In the 
hand while firing, p. 174, note t 
—— rating. See Rating, p. 275 
Chronometers perform best at first, 530 
agreement of, 531 
all in error, p. 344, note 
affected by thunder-storms, p. 174, 
note 

supplying to ships generally, Pref. 
p. ix 

Chronornetric differences, communi- 
cation of, p. 281 
Circle, def. 74 

to divide, 101 
to find centre of, 102 
to draw through three points, 103 
Circumference, 74 
Circummeridional alts. 705 
Civil day, 480 

time converted into astron. 480 
Clear, C. It , p. 390, note 
Clearness of water, 1032 
Closing a vessel, p. 94, note 1 
Clump of trees, symbol, p. 385 (5) 

Coal depdt, symbol, p. 3S7 
Cocoa-nut tree, importance of, p. 356 
(4) 

Colatitude, def. 185 
Collinson, Capt., remarks on the varia« 
tion at Cbnsan, p. 74, note 
Coloured shades, 491 
error of, 499 

Combined alts., on the term, p. 237, 
note * 

Common denominator, 9 
measure, 8 

Comparison of two watches, 564 
Compass, mariner’s, 213 
ar^ustments, 222 * 
azimuth, 210 

bearings, symbol for, p. 38.5 (3) 
committee upon, p. 67, note 
department, p. 70, note § 
diet, asunder, pp. 79, 285 
disturbed by lightning, p. 60, note 
instructions, 258 
prismatic, 220 

— — names, remarks on use of, p. 392 
Complement of an ai«,;ie 


(Component signs (of symbols), p. 385 
Computation, 167 (2) 

Conjunction, 457 
Construction, 167 
Conversion of times, p. 198 
Cook, 1036, 1048, pp. 377-379 
Coral reefs, navig. amongst, 1032 
Corollary, 114 

Correcting courses, for leeway, 418 
for variation, 224 
Correction of alt. p. 212 
the sun, p. 213 
the moon, p. 213 
a star or planet, p. 214 
for ship’s change of place, 661 
for lapse of time, 669 to 672 

of the decl. &c. p. IM 

of the course, Course. 

for 2d differences, 598 

of the long, by D.R. 810 

Cosecant, def. 155 
to find, p. 366 
Cosine, def. 153 
to find, p. 366 
Cotangent, def. 154 
to find, p. 366 

Counting seconds, useful, 268, 269 
Course, def. 197 

how measured, 197 

resolution of one or another, p. 285 

by compas-s 951 

to correct for var. 224 

by compass, for leeway, 418 

steered, 197 

shaping the, 940 

in a current, 942 

on a great circle, 944 

— — when the long, is uncertain, 
1030 

when shaped, 1004 

to reduce true, to course by com- 
pass, 147, 951 

errors of the, 957 

Cross bearings, 366 
departure by, 366 
require variation to be known, 
366 

Cro8.sing mer. of 180°, p. ,3.37, note * 
Cro.ss observation, by the circle, 510 
Cube, 67 

Cube root, to extract by logs. 72 
Culmination, def. 454 
Current, how named, 290 

sometimes assumed, 1015 
drift of, computed, 291 
effect of, is always mixed up with 
local deviation, 290 
determination of, 1015 
Current sailing,, p. 90 

charts, p. 122. note f 

Daily variations Tables 21 and 21 a, 
explan. p. 398 
by Trav. Table, p. 367 
Dampier, 1028, 1034 
Danger discovered, 1051 

determination of, 10.55 
transmitting account of, 1057 
duty of commanders respecting, 

1 055 

on ice, p. 3-56 (5) 

Danish feet, p. .368 (2) 

Darwin, Mr,, p. 360, note 
Date, change of, in cros-sing mer. of 
180", 971 

Dates, civil and astronomical, 594 
Daussy, M , tides affected by barom. 
p. ,322, note 

Day remark on Dutch lats. p. 382 

and night equal, when sun on 
equator, 462 

last or gained in going round the 
world, 970 
Day’s work, 4 18 
Dead reckoning, 203 
keeping the. 954 
errors of the, 956 
Decimals, 6 

omitting some places, 35 
reduction of, 8, 9 
Decimetre, Table 36 
Declination, def. 441 


Declination, circles of, 441 
parallels of, 442 

reduction or corr. See Sun, 

Moon, &c. 

corr. of, near mer. of 180*, p. 227, 
note 

instances of mistakes in, p. 22H 
note t 

term used for variation, 907 

Dee, H.M.S.V., log, p. 136 
Deep sea lead, 398 
heaving the, 400 
Degree, def. 75 

of long smaller in high lat. 194 
Degree of dependence, Pref. viii { 
principles, 62 

See the particular observation 
Degrees of lat. unequal in Mere. Chart, 
379 

proportion of on Merc. Chart, 379 

Denominator, def. 12 
D’Entrecasteaux, 1035, p. 378 
Departure, def. 200 
taking a, 347 

is secured up to the latest period, 
408 

and corre.sp. D.L., Table 3, ex- 
plan. p. 3G9 

Departures, Chap. IV. p. 114 
by a bearing, 349 
by sound, 352 
by soundings, 373 
by two bearings and distance run, 
350 

by alt. of a summit, p. 1 1 6 
by bearing and lat. or long. 374 
by cross bearings, 366 
by two angles, 368 
by two alts, of a .summit, 361 
when in a line between two 
points, 372 

Depreasion, true, def. 206 
Table 9, explan. p. 375 
Description-symbols, p. .382 
Dessiou, Mr., labours on ti<les, p. .39^ 
note 

Determinations of places, mode of 
indicating accuracy of, p. 38* 
good do., marked 0 or noted to 
decimals, p. 379 
bad do., marked Oi P- 379 
Diagonal scale, 105 
Diameter of a circle, 78 
of the earth, 180 

apparent, of the sun and moon 

alTected by refraction, p. 164, note I 
measuring do. 164 (2) 

Difference of alt. to compute, 669 
is a test of observation, 556 

of azimuth required in a double 

altitude, 749 

of lat. def. 188 

how found, 189 

of long. def. 194 

how found, 195 
determined by chron. 477 
Diff. Long, and corres. dep. Table 4 
Dip of the horizon, 205 

Table 30, explan. p. 400 
is variable, 207 

may bo employed to tho nearest 
min. only, p. 401 

accuracy necessary when the eye 
is low, 546 

of a shore horizon. Table 35, ex« 
plan. p. 402 

observations in Gulf Stream, p.6* 

sector, p. 166, note ( 

of the needle, 226 

counteracted by weight, 227 
varie.s with the lat. 226 
remark on the term, p. 316 
Director, instrument, p. 121, note 
Discoloured water, 1049 
Distance, nautical term, def. 199 
error of, 960 

between two places, is least on a 
great circle, 336 
of the visible horizon, 349 
Table 8, explan. p. 374 
— ' » niethod.s of determining, p. 1 1 
by sound, .353 
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Di8tano«, by change of bcat'ing, 350 ; 
Table 7, explan. p. 374 
by alt. of land, p, I IG 
by change of alt. 361 
of the celestial bodies is deter- 
mined by their parallax, 436 
Diurnal inequality, 926 
Divers, a sign of land, 1 036 
Divide a line into et^ual parts, 99 
a circle into parts, 101 
Division by logarithms, 65 
Dockyards, a list of, p. 689 
Dollond’s circle, 516 
Double altitude, note on the term, 
p. 237 

Double altitude of the samehody, p. 237 

short D. alt. 720 

observations on sayne side, 729 
Degr. of depend. 730 

on different sides, 731 

Degr. qf depend. 733 
when not known on which side, 
728 

by Stars or the moon, 734, &c. 

- when one alt. is near the ineii- 
dian, 737 
by the sun, 739 
by the moon, 743 
by a star, 741 
by a planet, 742 
Degr. qf depend. 74i5 
— — when neither altitude is near the 
meridian, 746 
the simplest case, 750 
by the sun, 751 
by the moon, 755 
by a .star, 753 
by a planet. 754 
Degr. of depend. 771 
Ivory’s method, 757 
the general or rigorous process, 
773 

Double altitude of different bodies, 759 
oue alt. near the merid. 761 
Double altitude below the pole, 765 
observations not at the same inst. 
764 

neither alt. near the merid. p. 244 
the general or rigorous process, 
770 

Degr. qf depend by any of those 
solutions, 771 

not necessary to correct for diff. 
long, made good, p. 246, n<»te 
Double rule of three, p. 15 
Double sextant, general method of 1 
using, 504 

D.R., abbrev. of dead reckoning, 203 
Drift of a current, 290 
Ducom, Cours d' observations jiauliques, \ 
p. 238, note I 

Du Petit Thouars, M., p. 178, note f, 
1038 

D'Urville, M., voyage, 1035 
Dutch feet, p. 368 ^3) 
palms, p. 368 (4) 

Karth, figure and magnitude, 180 
Kasting, 200 
Eclipse, 456 
Ecliptic, 459 

Kgmont, Mt., reported heights, p. 377 
Elevation of observer affects place of 
horizon, 205, 446 (2). 546 
affects refraction, p. 403, note 

effect of, on altitude, 659 

on time of rising and setting, 
638 

on amplitude, 446 (1), 886 (2) 
Ellis, Mr., p. 332, note 
Emerson, Mr., p. 7 1 , note 
Kndcrby, Messrs., p. 137, note 
Entire correction, 951 
Epacts, Table 14, explan. p. 396 
Equal alts. 796 
at sea, 798 
on shore, 803 
- — equation of, 797 

logs, for computing do.. Table 72, 
oxplan. p. 417 

Equal corr. f<tr change of refract. 810 
Equaiiou of equal alts. 797 


Equation of time, 476 

to reduce, 58.3, 584 I 

table of. Table 62, explan, p, 410 
Equator, def. 182 

days and nights equal on, 182 
celestial, 425 

Equatorial instrument, p. 1 .59, note 
Equiangular triangles. 148 
Equilateral, 87 
Equino(l|p.I, 182 
Flquinox, 463 
Ericcson’s lead, 402 
Errors, effects of, in any computation. 
See Degree qf Dependence in 
the case 

of the I). R. p. 334 
of the time at sea, 973, 984 
Essay on the Variation qf the Cotnpass, 
Bain, p. 70. note 

Essay on Magnetic Attractions, Bar- 
hnv, p. 72, note f 

Estahlishmont of the Port, vulgar, 921 
correct, 923 
is an interval, 937 
remark on the term, p. 321, note 
Estimate angle.H, useful to be able to, 
492 

Evolution, 70 

Falcon, Adm., p. 81, note 
Fastnet rk. It , p. 390, note 
Favne, p. 368 (1) 

Favourite, 11. M S., p. 377, par. 8 
Foejee Is. water clear, 1032-3 
Feet, no. of, in a sea mile, 199 

no. of, subtending 1', Tabic 9, 
explan. p. 375 

Dani-h, Dutch, &c. pp. ,368, 369 
Figure, useful to refer to, in the mind, 
167 

the, is the ground of the mathe- 
matical solution, p. 5i (3) 
shewing deduction of lat. from 
incr. alt. p. 1.50 

shewing deduction of mean time 
from a .stai*’s hour-angle, p. 1 54 
shewing deduction of mean time 
from the sun’s hour-angle, p. 1 56 

or digit, the last, .35 

Figures of different tracks, 390 
used in tables, Pref. p. viii 
First meridian, 191 
Fisher, Rev. (1 , magnetism, 529 

remark on chronometers, p, 173, 
note 

on observing the hazy disc of the 
sun, p. 177, note 
on lunar observ. p. 3.33, note 

Appn»x. method of proj. of great 

circles, .389 

Fitzroy, Capt., additions to the sc.x- 
tant, 500 | 

remark on chrons. p. 174, note X 
chronomctric measures, p. 344, 
nott . see also 1034, and p. 3Hl 
Fixed stars, p. 151, note *; principal, 
K.A. and decliii. of. Table 63, 
expian. p. 410 

times of pas.siiig iner. Table 27, 
C-xplJin. p. 399 
Fleurieu, 10,58 
Flinders, 9(iH, p. 363 
Fog or haze, observing in, .5,38, 5,39 
Fog-banks sometimes taken for land, 
1044 

Forbes, Mr., p. 334, note 
Foreign measures, p. 368, &c. See 
French. 

Forging ahead or astern, 963 
Fractions, p. 1 

decimal, p. 6 

to convert vulgar into decimal, ,32 
to convert decimal into vulgar, 34 
French measures, p. 368. and Tables 
36, 37, explan. p. 402 
Frigid zone. 211 

Fuel, how symbolised. See b, p. 387 

Gaultier, observations of dip, .536 
Geographical mile, p. 367 
Geometry, defs. p. 21 
problems, p. ‘34 


Geometry, Theorems, p. 33 
George, Mr., 502 
Gimbals, 217 

Givry, M., remarks on refraction, 
p. 178, note 

on chronometers, p. 174, note t 

Glasses, sand, 266 

should be often examined, 267 
Globe, def. 90 

principle of rectifying, p. 143, note 
Graham shoal, p. 3.37, par. 2 
Grant. Sir It., p. 2.31, note 
Graves, Capt , p. 238, note 
Great circle, def. 336 * 

Great ciicle sailing, 336 

places on same side of equator, 

p. 106 

do. on diff. do. 3.38 
includes the case of sailing on a 
meridian, 340 

gives the shortest distance, 336 
keeps the port directly ahead, 340 
projection on the ehai't, 386 
point of max. separ. in lat. 345 
vertex, .343 

elements of some tracks, p. 1 13 

Greatest common measui'e, 8 
Greek letters, 566 
Greenwich date, 481 

to find, without chron. 576 

by chron. 575 

Greenwich M.T. correction of, for 2ci 
diff. of lunar dist. Table 67, 
explan. p. 408 
Grey, Sir G. 547 
Ground log, 265 
Guopratte, 542 

(inns, sound of, from ice, 1048 
(lunter’s scale not dosuribed in thif 
work, Pref. vi 

Hack watch, 564 

Hall, Capt. B., index-error, pp. 164, 
3.38, note 

ob.serv. of the sea horizon, 536 
observ. of planets, p. 338, note t 
Hand lead, 399 
Hartnup, Mr., p. 161, note 
Heave of the sea, 961 
Height of eye. Sec Elevation. 

Height of land may be found by trial, 
p. -376, note 

is reckoned from II. W. p, 376 

of tide, com put. of, 394 

Hcrschel, Sir J. F’. W,, Astronomy 
p. 151, note t 
planet, p. 151, note t 
Hewett, Capt., lating chron, at sea, 
p. 276, note 

High land, finding ship’s dist. fi’om, 

p. 116 

alt. of, subject to variations, 207 
High water, 

to find time of, roughly, 9,36 
nearly, 93.3 
See Tide-Uvur. 

times of. Table 13, explan. p. 394 
Home, Sir Ev., 1034 
Horizon, 

sea, or visible, 204 

apparent places of, changes, 208 

from a boat, 538 

place of do. in a fog, p. 17.3, note 
is in the same state all round, -536 
undulation of, indicates extraor- 
dinary refractions, p, 171, note * 
refraction of, affected by shoals, 
&c , p. 178, note * 

rational, 421 

Horizontal parallax, 435 
See Moon, Planet. 

Horn-book, Storms, pp. 3.50, 353, notes 
Horn semicircle, or protractor, 108 
useful in laying down points, 36f 
Horsburgh, pp 134, .333, .338, notes 

instance of fallacious agreement 
of lunar anv» chron. p. 333, note • 
do. of orronecus lunars, p. 3*33^ 
note t 

Hour-angle, def. 467 
I to ttiid, from mean ftme. p. *400 
I of the »uii, 609 
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BLour>atigIc, of the moon, 612 
of a star, 6 1 1 
from the alt. 613 
from a doub. alt. p. 258, 
note 

fh>ni the azim. 616 
from the alt. and azimuth, 
617 

from change of alt. near 
the mcrid. 622 

on passing the prime vertical, 618 
Table 29, explan. p. 400 
at rising and setting, 620 
Hove-to, to allow for in day’s work, 418 
Hurricanes, theory, p. 348 
progress, 1020 
dimensions, 1024 
seasons, 1027 
indications, 1028 
Hypothenuse, def. 89 

made radius, p. 47, 3. 

Ice, neighbourhood of, indicated by 
temperature, 1038 
Ice islands, a danger, 1052 
taken for land, 104.5 
danger of landing on. p. 3.56 (5) 
decrease <>1 wind near, 10.52 
drift of, 1 052 

blackness at night and in fog, near, 
1052 

yields frc.sh water, but not always, 
1034 (5) 

Illusory appearances, p. 359 
Imhros, Me., an example, 394 
Inclination of the ship alters local de- 
viation, 240 

manner of noting, p. 134, note f 
remark on the term, p. 316 
Index of a logarithm, 57 I 

to put, 59 

Index, bar of a quadr. or sext. spring 
of, p. 164, note j 
Index error, 496 

to mea.sure, by the horizon, 
406 (I) 

by the sun, 496 (2) 

Tn.spcction, nature of, 167 
Instruction rtglimentaire, &c., p. 174, 
note t 

Instrument for taking a position on a 
straight line, p. 12 i, note 
Enstrument.s of navigation, p. 64 

nautical astron. p. 160 
— for drawing geometrical ligures, 
91 

Integer, 1 
Interpolation, 50 

note on mental, p. 197 

for second dilferences, p. 196 

Interval 

of sid. T. to turn to M. T. 603 
of M. T. to turn into S. T. 601 
in a double alt. not to be cor- 
rected for change of long. p. 
246, note f 

Inverse proportion, 52 
Involution, 66 

Iron may become magnetic, 244 

in the stiip affects the compass, 
230, &c. 

Ironsides, the, 257 
Irradiation, 712 

Isabella, experiments on board, p. 72, 
note t 

Islands, small, appearance different at 
high and low water, 1060 
Isosceles, 87 
Ivory’s refract, p. 401 

method of double alt. p. 249 
« 

hnson, Capt., exper. on iron vessels, 
pp 70. 72, 78, 79, note 
Journal, "hip’s, 403 

suggestions on, 413 

ex. of man-of-war’s, 413 

of a man-of-war st. vessel’s, 414 
of a inerchant-ship’s, 415 
Jupiter, planet, p. 1.52, note 

— R. A. and dncl. to reduce, 59.5 
observed by day, p. 338, note 
long, by, 878 
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1 Keane, Lieut, p. 71, note 
Kerguelen, Voy. 1047 
Kilometre, Table ?'i, oxplan. p. 402 
j King, Capt., p. 333, note 

, Mr., p. 71, note 

Knot, 260 

Kruseiistern, Admiral, p. 377 
his Memoirs quoted. 1058 
Kullen It., p. 390 

La Caille, 542 ^ 

Land, making the, 1029 
when to be set, 408 
indications of, 103.5 
last point mentioned, position 
given, p. 376 
Latitude, dcf. 184 

how deduced from the mer. alt. 
451 

is measured in miles, 186 
diff. of. 188-9 

is determined absolutely, 680 
importance of, p. 225, note 
reasons for introducing the seve- 
ral methods in this work, p. 225, 
note 

keeping account of. 

By acc. or D. B., 954 
errors of, 964 

in a double alt. p. 242, note 
Fmding by observation, 

by Mer. adt. 68 1 

of the sun, 682 
of the moon, 693 
of a .star or a planet, 
687 

Degr. qf Depend, of this me- 
thod, 09.5 

figures illustrating, p. 150 
• — by Red. to the merid. p. 231 
by the sun, 699 

by the moon, or star, or a pla- 
net, 703 

not near noon. See Double Alt. 

by equal alts, near noon, 732 

do. not near noon, 746 
— — by Circumrucridional alts, 
by the sun, 706 
by a star or a planet, 713 
Degr, of Depend. 717 

by Double Altitude. See Double 

Alt. 

by Alt. of the Pole Star, p. 2.59 

Latitudes and lx>ngitudes of Places. 
See Maritime Bositions. 
on tran.smitting corrections of, 
10.57 

Lawrence, St. Riv. loc. dev. p. 332, note 
l.azarev, M., 547 
Lead, 397, &c. 

rate of descent of hand, 397 
Load-line, 399 

when re-measured should be wet, 
399. note 
League, 199 
Leeway, 202 

to correct the course for, 4 1 8 
should always be marked on the 
log-board, 407 
Leg of an angle, 81 
Lighthouses, painted, p. 390, note 
Lightning has disturbed the compass, 
p. 69, note 

Lights, many inserted, p. 378, 6th par. 
remarks on unprau^tical descrip- 
tions, p. 390 

Light- vessels, description of, p. 378 
Limits of obs. and methods, p. 51 
Line, instrument for taking position 
upon a, p 121, note 
Local deviation, 234 

varies with the magnetic dip, 237, 
241,242 

in men-of-war, p. 72 
its quantity, 237 

is little or nothing at N. or S. 
235 

is generally less above the deck, 
238 

place of none, 239 
wbcMi greatest, 236 
the amount measured, 252, 253 


Local deviation. Is influenced by the 
nature of the shore, 246 
is affected by the inclination of 
the ship under sail, 240 
— — when of most consequence, 952 
affects opposite courses unequally, 
953 

gives rise to apparent changes of 
wind, 959 

cannot always be perfectly al- 
lowed for by calculation, p. 78, 
note 

need not be separately considered 
in navigation, 991 

how found, 251, &c. 

Log, 259 

heaving the, 263 
Massey’s, 264 
ground do. 265 

in steam-vessels gives too much 
distance, 962 

ship’s. See .lonrnal. 

Log-line should be wetted when mea- 
sured, 262 
line erronef>us, 262 
should be often examined, 262 
Logarithm, 

to tind the, of a number, .58 
to find the number corresponding 
to, 59 

to place the index, .58 
Logarithmic difference, Table 73, ex- 
plan. p. 417 

to correct for bar. and therm, 
p. 854 

to compute the, p. 418 
Logarithmic sines, cosines, &c. 

to quarter-points, Table 65, ex- 
plan. p. 412 

to half minutes, Table 68, explan, 
p. 413 

derivation of these quantities 
from the log. sine, p. 415 
sines to ten seconds, Table 67, 
cxplan. p. 413 
Logarithms, 56, &c. 

arithmetical operations, by, 64, 
&c. 

practical suggestions in using, 60 
number of places to be used, 60 
remarks on an abuse of, p. 107, 
note 

reasons for the number of places 
given, Pref. viii 
U'^es in trigonometry, 165 
of numbers. Table 64, cxplan. 
p. 41 1 

Log. sine, to convert into a prop. log. 
p. 419 

log. sine, subtracting, p. 49, note 
tang., to find from log. .sine 
Log. sine square, Table 69, oxplan. 
p. 415 

Long glass, 266 
Longitude, def. 191 

may be reckoned cither E. or W. 
192 

how measured, 193 

diff. of, 194, 19.> 

is determined relatively only 
826 

keeping account of. 955 
by-acc. or D. R. is more correctly 
kept in low lats. 967 
error of, 966 

should be marked fur time of obs. 
1007 

finding by observation, p. 279 

by chron. 827 
by lunar. See hunar Obs. 
by the moon’s alt. 864 
to diminish the errors of this 
method, 866 
choice of results, 868 
Degr. qf Depend, 869 
by an occultation 
of a star, 873 
of a planet, 875 
Degr. qf Depend. 877 
by Jupiter’s satellites, 878 
— — difference of, to determine, 830 
particulars essential, 836 
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Longitudes of places. See Maritime 
Potitions. 

by lunars and chrons. mixed, no 
longer of value, p. 379, par. 1 
Loxodromic curve, p. 111, note f 
Lubbock, Sir John, on tides, p. 317, 
note 

Lunar distance, to correct. See Lunar 

Ohs. 

clearing tha. approx, methods, 
Prof, vii 

Ist, Inspection, 841 
2d, Logarithms, 844 
Rigorous method, 845 
— — special corrections of, 851 

elliptical disc, 852, and Table 
.53, explan. p. 406 
spheroidal fig. 853 
inequality of moon’s motion, 856 
these corrections cannot all lie 
the same way, 859 

— — effect of error of 1' in, Table 58, 
explan. p. 408 

Lunar observation, detcrminjition of 
the long. by. 836 

is less available in polar regions, 
989 

danger of trusting to one only, p. 
333, note * 

Lunar observations, mean of two not 
always correct 

by the sun, 847 

by a star or planet, 849 

finding the time at Greenwich, 

848 

computation of the alts, in, 863 

Lunar Tables, error of, 862 
Lynn’s Tables, p. 245, note 

M and N. See Spherical Traverse 
Table (T.able 5), explan. p. 370 
Maclear, Mr , long, of Madras, Pref. x 
Magnetic axis, 222 

Magnetic bearings and courses, a no- 
tation for, p. 385-6 
equator, p. 69, note* 
latitude, 226 

needles’ effect on each other, 228 
how to keep, 229 

— — storms, an instance, p. 69, note t 
Magnetism produced in iron by time, 
244 

of the ship changes with her sta- 
tion, 242, 244 

affected by lightning, p. 69, note 
Magnitudes of the stars, p. 411, and 
note • 

Man-of-war’s log, 413 
Mantissa, p. 18, note 
Maritime positions, arrangement, p. 
378, ami Prof, x 
heights given, p. 375, last par. 
abbreviations, p. 386 
given to I', and tenths of I', p. 376 
symbols denoting degree of pre- 
cision, p. .381 
do. description, p, 382 
secondary meridians, p. 380 
— — - Table 10, explan. p. 375 
application of, p. 378 
Marquoi’s rulers, 91 
Mars, R.A. and dccl. to reduce, .594 
period, p. 151, note 

Martin, Mr. K. B., observ. on refrac- 
tion, 209 

Maskclync, Dr. 176, note 
Massey’s log, 264 
lead, 402 

Maximum separation, in lat., point of, 
345 

Mean level of the sea, 920 
Mean time, 475 

how deduced from the motion of 
a star. 478 (4) 

how deduced from the motion of 
the sun, 478 (1) 
to convert into app. time, 606 
to convert into sid. time, 608 

Interval .of. See Interval. 

Moans, remarksoii taking, 998. 1002-3 
Measures, French and Knglish, Tab. 37 
foreign, reduction of. p. 368 


Mechanical methods of counteracting 
local attraction, p. 78 
Memoire sur Vemploi des chronomitres, 
p. 174, note f 
Mercator’s chart, 378, 379 
use, 380 

to find lat. and long, of a point 
on, 380 

to find the bearings between two 
r^cs, 381 

to Md the distance between two 
places (on the rhumb line), 
382 

to find the ship’s place on the 
chart by her course and dist. 
384 

to lay off a point on the chart, 383 

projection of the voyage in a great 
circle, 386 

figures of different tracks upon, 
390 

figures of districts, 392 

construction of, 391 

Mercator’s sailing, .321 

is a perfect method, 321 
caution in high lats. 335 
selection of, 330 
Merchant ship’s log, p. 138 
remarks on keeping, 416 
Meridian, def. 183 
first, 191 
celestial, 426 

times of passing, p. 206 

of the sun, 623, &e. 
of the moon, p. 207 
of a star, 62.5, and Tables 27 and 
27 a, cxplan. p. 399 

sailing on a, is a case of great 

circle sailing, 340 

Meridian altitude is not the maximum 
alt., o,xcept of a star, p. 226, 
note t 

figures showing deduction of lat. 
from p. 1.50 

to find from decl. and lat. 66.3 

Meridian distance. See Ifour-Afigle 
Meridians, .secondary, Pref.'-xand p. 380 
denote<l in Table 10 by small ca- 
pitals, p. .37<», par. 5 
Meridional ditf lat. 322 
Meridional parts. Table 6, explan, 
p. ,373 

computation of, p. 373 
Metres, Table 36 
Methods of solution, 167 
Middle Latitude, 314 
Middle lat. sailing, 312 

founded on par. sailing, 312 
has two oases, .313 
is not a correct method, .321 
may be made as correct as rc- 
' qutred, in one case, 330 

is prcferal)le to Mercator’s sail- 
ing, in one case, 3J5 
estimation of error of, 331 
selection of, 330 
deduction of rules, 312 
oM rule erroncoii.s, p 98, note 
Mile, sea, nautical or geographical, 
1 86, and p. 374, note 
statute, p. 367 (1) 
the term used erroneously by 
seamen for minutes, p. 335, 
note t 

Millimetres, Table 37, explan. p. 402 
51itiutes of arc, 74 

arc not miles, p. 335, 
note t 

Jlimy and Vostok, voyage of the, p. 
377, note t 

Moon, mean period of revolution or a 
lunation, p. 396, Table 1 4 
jointly with the sun produces the 
tides, 909 

age, to compute roughly, i>32 (11 
alt., remark in observing, 540 
to correct, 1154 

correction of Table 39, explan, 
p. 40.3 

long, found from, p. 301 

declination, to reduce, 589, and 

Table 22, cxplan. p. 398 


Moon, R. Asc.^ to reduce, 591 

least and greatest variations of, 
591 

hor. parallax, to reduce, 688 
semidiameter, to reduce, .588 

too small, p, 297, note 

effect of error of her place, in a 
lunar, &c. 862 

mend. pass, to find, 627, and 
Table 28, explan. p. 399 

rising and setting, 637 

to allow for refraction and heigh» 
of eye, 638 
M«)ro, Senor, 209 

.Motion of observer, effect on observa 
tions, 548 

Nadir, def. 423 

Names of places, differently given by 
different p«'oj)le, ]>. 377 
Navigating the ship, p. 329 
Navigation, def p .55 

instruments of, p 64 
Navigation Improved, 331 
Nautical Astronomy, p 113 
instruments of. p u;o 
Nautical Manaxi ne ('ontains account 
of errors discovere.l froin time 
to time in tins work, “ Correc- 
tions and additions ” 
discussion of longitudes in, Pref. 
p. ix, &c. 

Nearing the port, rate of. 285 
Needles, niiignctic See Magnetism, 
Local Ilevtalion 

Night observation should be practised, 
977 

Noon, observations at, marked in log, 
405 

Northing, 188 
Nunuu’ator, p. 1 

Observations, on taking, witli or with- 
out assistants, p. iM:t 
on a field of ice, 48.3 
Obseiaer should take all parts of an 
ob.seinatioM himself, .56.1 
shoultl always observe accuralolv. 
53.3 

Obtuse, 86 
Occultation, p .30'! 

long. by. 301 

Olyinpiie, Mt , an example, .394 
Opposition 457 
Orthography of names, p. 378 
Outer alt., tb-* term, 72-5, 740 (.3) 
(>\ven. Admiral Sir Kdw K , remark 
on dooble alts., f>, 245, note 

Adm. W. K. NV., double alts., p 

2.3S. note 

v.ariation, p. 74. notes 
.surveys, p 381 

the examnles ebiefly from his 
journtils, Pref vii 

Capt. R , veintirk on jumps of 

chron. p. 175, note 
on changes of temperature on 
chron. p 174 

Palms, Dutch, p. 368 (4) 

Pai'alla.x in alt. 435 

is less as the distance is greater, 
436 

varies with the observer’s lat. 437 
of the sun. Table 31, ex pi. p. 
402 

of the planet.s, Table 45, explan, 
p. 404 

of the stars, or annual, appre- 
ciable only in one or tw’o cases, 
p. 151, note * 

Parallel lines, 73 

to draw, 9.3, 94 

Parallelism of the telescope in a sc 
tant, 495 (.3) 

Table 54, explan. p. 407 
[ Parallelogram, 130 
Par.allel sailing, 301 

may be used when the course ii 
not due E. or W. 310 
principles, .302-3 
figure of track on the chart 399 
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Parentliesis, In Table 10, use of, p. 877, 
par. 4 

Parry, Sir Kdw., 536, 1052, pp, 357, 
560 

where wintered. See (116) 2, 
(117) 3, (118) 3 

Passajce of the inerid. See Mrrtd» 
Passajjfos, Table 12, explan. p. 394 
Perpendicular, def. 85 

methods of drawin;;, 96, 97 
Personal equation, pp. 53, 54 
PiddinKton, Mr., p. 350, note 
Phipps, voyage, 1045 
Pii'ds, p. 368 (7) 

Place of the ship is determined in two 
ways. 179 
by D. H. 954 
by obs. 974 

remark on tinding, 090 
change of, how affects alts., 548 
Sec also Position. 

Places. S c yfarititne Position.ii. 

Places called by diff. names, p. 377 
Plane chart, 392 
Plane sailing, 271 
Plane triangle, 87, note 
Planets enumerated, p. 151, note 
observed best at twilight, 977 
Pocket .sextant, 486 
Point, 76 

is used in two senses, 197 
Points of the compass, 2 1 3 
further utility of, 215 
corresponding degi*eea and mi- 
nutes, p. 66 
Polar angle, 770 
circles, 211 
distance, 443 
Pole, 424 

pole-star, to find, 567 

corr. of alt. Table 51, oxplan. 
p. 406 

ort, rate of closing, 285 

is kept right ahead on a great 
circle only, 340 

position of ship with respect to land, 
how defined, 317 
on the chart, p. 344 
on a line of hearing, p. 345 
by two angles, 368, &c. 

Powers of numbers, 66, 67 
of a telescope, 543 
Practical geometry, p. 21 
Practical illustrations of the necessity 
for ascertaining the ileviations 
of the compass, p. 70, note ^ 
Pricking the ship off, 1 004 
Prime vertical, def. 428 
— • time of passage 
of the sun, 628 
of the moon, 633 
of a star or planet, 632 
accurately, fi34 

altitude on the, GG4 | 

Prismatic compass, 220 
Problem, def. 73 

Projections, properties of certain, 392 I 
Proportion, direct, pp. 10, 11 I 

inverse, p. 16 

Proportioning, in tables, p. 14, ex. 6, 7 
proportional logarithms, Table 74, ex- I 
plan. p. 418 * 

remarks on, p. 419, note 
Propositions of geometry, p. 33 
of trigonometry, p. 158 

Quadrant, def. 79 

the instrument, and sextant, 485 
manner of observing with, 487 
adjustments, 495 
Quicksilver horizon, 517 

Radius, 78 * 

of the trigonometrical tables Is I, 
164 

log. of the, is 10, p. 48 (2) 

Ramsay, Capt., pp. 335, 354, 397, note 
Rate of chronom. 812 

change of, detected on making 
the land, 820 

Vatf f'-r les^ than 24*’, 832 

ik'c Citronofnctcr. \ 


Rate of sailing, affected by Tarious 
cau.ses, 960 

is estimated by seamen, neaidy, 
p 334, note 
of current, 291 
— — of nearing a port, 285 
Rating tiie chronometer, HI2 
by the absolute time, 816 
by the longitude, 820 
by intervals of time, 821 . 
by diff. of long. 823 
Ratio, 36 
Reading off, 494 

troublesome at night, 541 
may be postponed, p. 170, note 
Reaumur’s therm. Table 36, explan, 
p. 402 

Reduction of fractions, vulgar and de- 
cimal, pp. 8, 9 

Reduction of the astronomical ele- 
ments to the Greenwich Date, 
679 

by prop. logs. 597 

by special logs. 597 

to the merid. 7 1 1 

limits. Table 47, explan. p. 404 
to compute, at sea, 705 
Table 70, explan. p. 416 
sec. do.. Table 49, explan. p. 405 
value of. when 2d red. amounts to 
I', Table 48, explan, p 405 

of latitude. Table 52, cxplan. p. 

406 

Reflecting circle, p. 1 67, note 

u.se of, in observing two angle.s or 
alts. 514 

Refraction, astixm. 433 

Table 31, cxplan. p. 401 
varies with state of air, 433 
correction.s of, Tables 32, 33, ex- 
plan. p. 401 

is less for a depression, p. 21 1, nt to 
tables of, adapted only to level of 
sea, p. 403, note 

effect of, on figures of the sun and 

moon, 852 

nsing or setting, 638 
on npnaront amplitude, p. 149 (1) 
lateral, 209 
terrestrial, 207 

Refreshments, how symbolised, r. p. 
.389 

Reid, Col. 348. note, 1026, 1028 
Rcnncll, pp. 336, 341, notes 
Repeating reflecting circle, 505 

noting the time in observations 
with, ,506 

effects of errors, 515 
cross observation, 610 
to observe two alts. 514 
caution respecting the crooked 
handle, 507 

Resolve, to, a distance made good in 
ono direction upon another, 
286 

Results, general remarks on combin- 
ing different, 997 

Retardation, Table 24, explan. p. 398 
Revolving It., note on the term, p. 390, 
note 

storms, p. 348 

Rhumb, def. 198 

is not the direct course for the 
port, 340 

Riddle, Mr., long, of Madras, Pref. x 
Right angle, 84 
Right ascension, def. 469 
Rising and setting, times of, p. 210 
of the sun, 636 
of a star or planet, 637 
effects of refract, and height of 
eye, 638 

Robinson, Dr., on irradiation, 712 
Rocks, whales taken for, 1046 
Hoof the quicksilver should bO' re- 
versed, 554 
how to be placed, 519 
to be usc«i only when Indispen- 
sable, .554 

Ros.i, Sir .loiin, p. 70, mite, p. 55D i 
where wintered, (116) 3 


Ross, Sir Jas., 248, 50 , n. 559 
Rollers, 10.54 
Rule of three, pp. 13, 16 
Ruler, 91 

to test a, 92 

Rules, extent of the rationale admit- 
ted in this volume, Pref. xv 
involving many cases, arc given 
in the form of tables, Pi ef. v 
pp. 74, 131, 357. note 

Sabine, Col., work quoted, p 62, note * 
rating the chronometers, 812 
Sailing directions, reference to, p. 320 
Sailings, p. 82 

to work by catiun.M, 99 
admit of two general ca.scs, 270 
See Parallel Mercator, Mol 
Lat., Great Circle. 

Sandy plaees, why noted in Table 10, 
p. 377, par. 2 

Sashes, p. 368 (II). (Sajfn ) 

Saturn, period and satellite.s, p. 15], 
note 

R.A. and decl. 5% 

Savages, remarks on, pp. 377-8 
Sc.alus, common, 104 
diagonal, 105 
of chords, 105-7 

to construct, 109 

conversion of foreign thermome- 
ter, Table, 36 

Schomburgk, Sir R., long, of St. Joa- 
qiiim, p. 299 
Screen.s, or shades, 491 
eye ditto, u.sefiil, 401 
Screws, caution respecting, 497 
Sea, mean level of, 920 
Seasons reversed in 8. lat 404 
Sca-weed not a certain indication of 
land, 1035 
Secant, 163 

to liiid, p. .366 
Second of lat. is 1 01 ft. 186 
Secondary meridians, Pref. x, p .380 
are denoted in Table 10 by small 
capitals, p. 376 

imi)ortancc of establishing, p. 380 
cmimoratcd, p. 3H0 
take no symbols, p. 382, I Ith par. 
Second dilTerenoe, 598, &c. 

Table 25, explan. p. 398 
of alt. 5.56 

varies as the squai'e of the inter- 
val, p. 182, ex. 

Seconds of time, useful to be able to 
Count, 268 
of arc, 75 
Sector, 110 
Semicircle, 77 

convenient for laying off angles, 
266 

Semidiametcr of the celestial bodies 
449 

is less as the dist. is greater, -IjWJ 
is greatest in the zonitli, 440 
Somimonstrual inequality, 924 
for certain places, Table 15 
Setting an object, 201 
Sextant, 485 

manner of using, 487 
adjustments, 495 
parallax of, p. 164, note 
case or box for, p. 170, note * 
methods of increasing efliciency, 
p. 165 

Shades, remark on using, 491 
may produce errors, 499 
Ship’s Journal, 

all matters relating to 
ship’s place inserted, 
412 

Ship’s change of place, how affects 
altitude, 548 

Shoal patch, how symbolised, p. 385, 6 
Shore horizon, 549 

Table 35, explan. p. 402 
Short glass, 266 
Sidereal day, 470 
time, 471 

to eotivert Into moan lime, 
607 
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Sldeieal time at mean noon, 477 
to reduce, 586 

Bights, A.M. and p.m., should not be 
mixed, 8lti 

Signs and abbreviations, p. 10, note 
or syfiibols, attached to places, 
p. 382 

Signs of tile zodiac, 4G0 
Small circle, 33(3 
Similar triangles, 147 

tlie sides proportional, 148 
Sine, def. 152, 1G3 

ditf. of do. and arc, p. 267, note t 
Smyth, Adm. W. H., pp. 355, 361, note 
St)lar day varies, 475 
SoLsticc, 464 

Solutions, two classes admitted in this 
work, Pref. vi 
methods of, p. 60 
remarks on, p. 50 
all in this work logarithmic, Pref. 
p. vi 

by assumption, p. 61, note 
Bound, velocity of, 352 
affected by wind, 352 

omitting to, inexcusable, 1042 

bounding, 3116 

in deep water, 401 
instruments for, 402 
Soundings, the only unequivocal sign 
of land, 1042 

ship sometimes conducted by, 397 
liow symbolised. See DfjUh^ p. 
387 

angles for verifying, 368 
8v>uthing, an inciheient term, p. 323, 
note t 

Speaking a vessel, noted in the log, 
412 

Sphere, def. 90 
Spherical Traverse Table, 

Tai)lc 5, explan. p. 370 
triangle, 336 
Sqiuire, def. 135 
Square of a number, 67, 68 

to. a small arc, p. 407 (explan, of 

Table 6€) 

Square root, to extract by logs. 71 
Squares of certain numbers, given in 
Table 8, explan. p. 374 
Standard compass, 258. 995 
Stars, fixed, note upon, p. 151 
finding the, p. 158 
list of principal, Table 63, explan, 
p. 410 

magnitudes, p. 411 
rise earlier every night, 458 
how identified, 568 
observing alts, of, at sea, 541 
obs. in twilight, 977 
times of inerid. pass. Tabic 27, 
explan. p. 399 

remark on the necessity of ob- 
serving, p. 977, note 
Statute and geograph, miles, p. 367 (1) 
Steam-vesseis adapted to sounding in 
great depths, 401 
dist. by log too great, 9G2 
form of log, pp. 136, 137 
Steering compass, 217 
Steering by the compass, manner of, 
218 

the, affects the sailing of the ship, 
960 

Stores, places where obtained, p. 689 
Straight lino, drawing, 91 

between two pts. to preserve, 
p. 121, note 

Btream of wind, advantage of working 
in. 299 

Submarine volcanoes, p. 377 
Subordinate computations, p. 187 
Subtend, 83 

feet subtending T, Table 9, cx- 
plan. p. 375 

Sullivan, Comm., p. 34.5, note 
Sumner’s metho(l, p. 345 
Bun, 

figure elongated. 209 
jointly with the moon, produces 
tides, 910 

dipping, p. 226, noto 


Sun, 

altitude, caution in observing, 490 
to correct, at sea, 647 

accurately, 649 

declination. Table 60, explan. p. 

409 

to reduce, at sea, 579, 
and Talde 19, ex- 
plan. p. 397 

accurately, 680 
ri^ ascension, Table 61, ex- 
plan. p. 410 

to reduce, 581, 582 
parallax and semid. Table 34, 
explan. p. 402 

semid. variation of, proves change 
of his distance. 439 

rising and setting, time of, 634 

to allow for refr. and ht. of eye, 
636 

difference of, at the base and 
.summit of a mountain, 636 
Supplement, 86 

Surveying not treated in this work, 
for reasons stated, Pref. x 
Swart, M., Tables, p. .380 
Swedish feet, p. 369 (15) 

Swell, how noted, 410 

is marked in the log, 410 
Symbols of determination, attached to 
places, p. 381 
of description, p. 382 

Tables, remarks in taking quantities 
out. 50 

to supply the Nautical Almanac, 
p. 409 

principles of the arrangement 

stated, p. 3G5, noto 
Tangent, def. 154 
to find, p. 366 

Telescope, powers used, 543 
remark in using, 542 
raising or lowering alters bright- 
ness of image, p. 290, 4th par. 
tubes may be scored or marked, 
492 

error of parallelism, Table 54, 
explan. p. 407 
Temperate zone, 2 1 1 
Temperature of sea not a sure sign of 
land, 1038 

may indicate ice, 1038 
may denote change of wind, 1039 
alters apparent place of sea hori- 
zon, 208 

Terrestrial refraction, 207 
Theodolite, use of, in determining 
local deviation, 255 
Theorems, 113 

of geometry, p. 33 
Theory, remarks on, Pref. xi 

notice of the volume devoted to, 
Pref. xi 

Thermometers, scales. Table 36 
Tliom, Mr., p. 349, note 
Thoma.s, Mr., variation, p. 74, noto 
Tide, age of, 919 
current, 917 
height of the, 918 
hours, term. Table 13 
observations, p. 326 
wave, 915 

and half-tide, p 397, note 
Tidc.s, p. 317 
causes, 910 

superior and inferior, 911 
spring and neap, 912 
highest, 913 

causes of irregularities, 914 
proper treatment of the subject 
very difliicult, Pref. x 
Time, measures of, 470 

to convert into arc, 570 
figures shewing manner of com- 
puting, p. 154, 156 
accuracy of, at sea, 984 
valuation of, at sea, p. 336 
change of, in voyage round the 
world, 970 

account of, mo.st correctly kept 
In low lats. 973 


909 


Time, to find by observation, p. 260 
by alt. of the sun, 780 

of the moon or a planet. 784 
of a star, 782 
choice of results, 787 
by equal alts. See EqueU Ah*. 
by change of alt. near the meri- 
dian, p. 267 

from double alt. p. 251, note 
Time-ball, 818 
Times, conversion of, p. 198 
Tolses, p. 368 (8) 

Toi'rid zone, 210 

Towson, Mr., tables, p. 1 06, note f 

do. for red. p. 405, note 
Tracks, figures of different, 390 
Traite de UeotUsie, p. 129, note 
Ti’ansit, def. 453 
bearings, 1059 
Traverse, to work a, 287 
Traverse sailing, 286 
Traver.se Tables, 1 and 2, explaii. 
p. 365 

use of, in proportioning, p. 367 
in right-angled triangles, p. 366 
in reducing measures, p. 367 
Triangle, 88 

Trigonometrical canon, 1 1 1 
Trigonometry, terms of, p. 44 
propos. of, p. 45 
rules for right use of, 163 
Trim of ship, 240, affects the local 
deviation 
Tropic, 210 
Tropical year, 465 
Troughton’s circle, p. 167, note 

caution against ovor-a(^u.stment, 
p. 165, note 

True alt. to reduce to app. 657 

course to reduce to compass, 
225 

Tube, plain, use of, 543 
Tula, p. 137, note 
Twilight, 4.34 
Typhoons, 1017 

United States’ exploring exped., 547 

Vancouver, p. 392 
Vara.s, p. 369 (14) 

Variation of the compass, 223 
Table 1 1 , expl. p. 394 
continually changes, 223 
to correct for, 224 
on observing at sea, 991 
on observing on sliore, 24C 
should be constantly observed, 
991 

as observed, inseparably mixed 
with local deviation, 996 
how marked in the log, 41 1 

to find by observation, p. 308 

by amplitude, 884 
by azimuth, 889 
by merid. pass. 890 
by .short double alt. 891 
by equal alts. 897 
by pass, of the pr. vert. 898 
by the time, 902 
by astronomical bearings, 903 
remark on the term, ‘>07 
Variations, dally and 12-hourly, Table 
21, e.\plan. p. 397 
Variation charts, p. 122, note f 
Venus, period, p. 151, note * 

observoii by day, p. .3.38, note 
inaccuracy in lunar dist. note, 
p. 293 

declination, to reduce, 693 

R.A. to reduce, 692 
Vernier, 494 
Versts, p. .369 (12) 

Vcrxamelinp van Sterre, Tafclen, 
p. 380, note * 

Vertex, on the great circle. 34.5 
to find the, 346 

Vessels, in a sea, acquire a tendency 
to move ahead or astern, 963 
abandoned, 1053 

Vidal, Capt., Gulf of Guinea, pp. 174 
175, note t 
FUnnen Is. p. 381 
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GENERAL INDEX. 


Views, should be taken with new 
positions, IU60 
Vrangel, Uarun, 1034, (5) 

Vulgar fractions, p. 1 

Water, procuring, p. 354 
Waves, height of, 547 
Weather, notation of, 409 
Weddell, voy. 1045 
Westing, 200 

Whales taken for rocks, 1046 
Whewell, Dr., p. 317, note 
Whole numbera, remark on working 
to. 36 


Wickham, Capt., p. 338, note 
Wilkes, Lieut., ezped. quoted, 209, 
547, 1054 

Wind, figui*e8 denoting force of, 409 
change of, sometimes denoted 
by temperature of the sea, 1039 
apparent change of, in tacking, 
duo to loc. dev. 959 
strength of, affected by ice, 1052 
Winds not treated in this work, Pref. x 
Working to accuracy, reip xks on 
Pref. vi 

Workman, Navig. Improved, p. 104, 
note 


Worth, Capt., p. 354, note 
Wrangel. Sec Vrangel. 

Wrecks, floating, 1053 

Year, civil, 465 

commencement of, p. 153, nola 

Zavodovski, M., p. 377 
Zebra. H.M.8 , p. 171, note 
Zenith, def. 423 
distance, 431 
how named, 448 
Zodiac, 466 
Zone. 210. 211 
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